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Abstract 
Due to the increasing threat of global warming, today’s grid system faces large 
changes and challenges as more renewable sources are being implemented in the grid. 
In order to handle these changes and secure future distribution, new technologies and 
components are necessary. This study investigates the innovation – IT/OT 
integration and its rate of adoption among potential adopters – Distribution System 
Operators. 
 
Based upon 8 expert interviews, 19 interviews with Swedish DSOs and literature, the 
study has concluded the following: 

- Increased micro production in the Swedish electricity grid system is the main 
drivers for IT/OT integration. IT Security and Swedish Energy Market 
Inspectorates current pricing model are two of the main inhibitors for IT/OT 
integration.  

- Key factors, such as perceived attributes of the innovation and business 
transformation speed are of high importance when analyzing rate of adoption. 

- Medium-sized DSOs with high ambition are likely to adopt before other 
customer segments. Thus, they are potential target customers for suppliers, 
such as Ericsson. 

 
The thesis contributes to literature by providing research of a technical innovation 
within a complex market. Future research of interest is to apply similar methodology 
for predicting rate of adoption of IT/OT integration in other nations, since drivers 
and regulations might differ. 
 
Keywords: Distribution System Operators, SCADA, IT/OT integration, Large 
technical system, Sociotechnical system, reverse salient, adoption, diffusion 
 
 



 iii 

 

 
 

 Examensarbete INDEK 2016:13  
 

Estimera spridningen av IT/OT integration  

i Sveriges elnät 

   
  Isabelle Gadré 

Jens-Martin Vackerberg 

Godkänt 

2016-06-16 

Examinator 

Pär Blomkvist 

Handledare 

Vicky Long 
 Uppdragsgivare 

Ericsson 
Kontaktperson 

Patrik Svensson Gillstedt 

Sammanfattning 
Det ökade hotet från klimatförändringar har medfört att dagens elnätssystem står 
inför stora förändringar och utmaningar då allt fler förnyelsebara källor 
implementeras i elnätet. För att hantera denna förändring och säkra framtidens 
eldistribution krävs att ny teknik och nya komponenter implementeras i elnätet. 
Denna rapport undersöker innovationen - IT/OT integration och hur denna sprids 
bland potentiella kunder – elnätsdistributörer. 
 
Baserat på 8 expertintervjuer, 19 intervjuer med svenska elnätsdistributörer och 
litteratur har studien kommit fram till följande slutsatser:  

- Ökad mikroproduktion i det svenska elnätet är den främsta drivaren för 
IT/OT integration. IT säkerhet och Energimarknadsinspektionens nuvarande 
regleringsmodell är idag två av de främsta barriärerna för IT/OT integration. 

- Huvudfaktorer, så som förväntade uppfattningen av innovationen och företags 
omvandlingshastighet är av stor betydelse för att uppskatta 
spridningshastigheten av innovationen. 

- Mellanstora DSOer med höga ambitioner kommer troligast ta till sig tekniken 
tidigare än andra kundsegment och bör därför vara potentiell målgrupp för 
leverantörer, så som Ericsson. 

 
Rapporten bidrar till forskningen genom att en teknisk innovation analyserats i en 
komplex marknad. Vidare undersökningar som kan genomföras är att applicera 
motsvarande metodik för estimera spridningen av IT/OT integration i andra länder, 
då drivare och regleringar där kan skilja sig från Sverige. 
 
Nyckelord: Elnätsdistributörer, SCADA, IT/OT integration, Large technical system, 
Sociotechnical system, reverse salient, diffusion 
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1 Introduction 
 
In this chapter, the background of the study is introduced followed by 
problem statement, purpose and the contribution of this thesis to literature. 
Further, the research questions are presented followed by delimitations and 
the deposition of the study. 

 
1.1 Background  
 
Climate change, resource scarcity and demographic change with a growing 
population are some of the megatrends that the society is facing (pwc, 2015). 
The addition of 1.2 billion people to the world population by 2030 will 
significantly increase the energy demand (World Population Prospects, 2012). 
However, the planet’s natural resources to satisfy this increasing demand are 
finite (Nally, 2015). Further, a research conducted by EY (2015) states that, 
finding and accessing new sources of supply, will in the future be increasingly 
challenging and expensive. Thus, the competition for limited resources will 
intensify. This in combination with more cost competitive renewable 
technologies, will increase the energy from renewable sources even more 
rapidly (EY, 2015). Faced with these trends, some communities and 
individuals are increasingly trying to solve the problem by investing in micro 
production i.e. clean, small-scaled, distributed generation solutions such as 
rooftop solar panels (EPA, 2015).  
 
In the society, one of the most important resources is electricity. Without it, 
the entire modern industrial and social, systems would not function. The 
trends with changing energy mix and empowerment of consumers will have a 
significant impact on electricity network control and design (European 
Commission, 2006). Existing electricity networks have evolved over more than 
hundred years. They are predominantly based on large central power stations 
that are connected to transmission grids, which in turn, supply power to local 
distribution grids. The power flows in one direction, from the large power 
stations, through transmission and distribution grids, to final consumers, as 
illustrated in Figure 1. Hughes (1983) claimed that the electricity network is a 
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Large Technical System (LTS). He stated that LTS have played an important 
role in the process of economic development, and they have contributed to a 
substantial change in lifestyle. Hughes (1983), among others, argues that when 
a LTS is well established and has reached a momentum, it is very difficult 
and costly to change.  
 
To meet some of the trends the industry is facing, electricity systems have to 
transform. In the future, renewable energy sources will generate a larger 
proportion of the energy that today is generated by large power plants 
(European Commission, 2006). To enable this, networks need to accommodate 
more decentralized generation sources, which have fluctuating generation 
patterns. Figure 1 illustrates how the power flow, in the future, likely will 
appear.  
 

 
Figure 1. Power flow present day and future 
 
Smart grids are being developed to enable this consumer-centric network. 
Smart grids accommodate a large penetration of distributed renewables and 
consumer participation by implementing Information and Communication 
Technology (ICT) (Landis & Gyr, 2015). ICT, such as communication 
networks and analytical capabilities, are essential in a smart grid. Further, a 
smart grid implies integration of Information Technology (IT) and Operation 
Technology (OT). OT represents components that utilities depend on for safe 
and reliable generation and delivery of electricity, while IT is implemented to 
enable machines to exchange information directly with humans (Meyers, 
2013). The integration allows the network operator to react to fluctuating 
generation patterns from renewable sources and changing demand. The smart 
grid consists of millions of pieces, and it will take some time before the system 
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comes fully on line. However, once mature, the smart grid will likely bring a 
transformation as substantial as the Internet (SmartGrid, 2016).  
 

1.1.1 Ericsson 
Ericsson is a world-leading provider of telecommunication equipment and 
services to mobile and fixed network operators. Ericsson’s long-term strategy 
is to develop new areas to value creating businesses that are competitive and 
profitable. One of these growth areas is Industry & Society – Utilities. 
(Ericsson, 2015a) Hedström (2016) believes that Ericsson has a great 
opportunity when ICT is implemented in electricity networks, and that 
Ericsson’s competitive advantage is their experience in communication and 
knowledge within integrating systems. Hedström (2016) states, that Ericsson 
see a business opportunity when Distribution System Operators (DSO) 
integrates IT with OT systems. 
 

1.2 Problem Statement  
 
The network electricity landscape is in a transformation and future electricity 
grids will have to meet the changes in demand, supply, technology and 
regulations. The future of electricity, together with ICT, brings many 
opportunities, but also uncertainties, regarding the new business landscape, 
i.e. which customers are likely to adapt, and what the potential scenarios are 
in the future. As mentioned, the electricity network can be referred to as a 
LTS, which is difficult and expensive to change. Arthur (1990) states that if a 
technology becomes dominant, the system development would lead to a lock-
in-effect, thus it would be difficult to change the existing system. For 
commercial success, it is essential to identify drivers and inhibitors to 
understand how the system will develop and transform.   
 
Horn et al. (2005) argue that for every successful market entry, there are four 
failures. Further, they state that timing is an important factor for successful 
market entrants. A company has to weight the risk of premature entry 
against the missed opportunity of late entry (Jensen, 1982). If a company 
waits too long, a competitor’s technology may become dominant, especially in 
a LTS. Since Ericsson is a new player in the utility industry, the entry timing 
is critical to make a successful market entry and gain market shares. The 
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electricity market has different trends, threats, regulations, competitors and 
customer segments compared to the telecommunication industry, which is 
Ericsson’s current market. For Ericsson to successfully enter the electricity 
market, it is critical to investigate these factors as well as to identify their 
window of opportunity to make the right decision regarding time to enter.  
  

1.3 Purpose and Objectives 
 
The purpose of this study is to investigate Ericsson’s window of opportunity 
in the electricity industry. Ericsson believes that they can contribute with 
expertise when DSOs are integrating IT with their OT. To identify Ericsson’s 
window of opportunity, the study has three objectives. (1) Investigate the 
benefits, drivers and inhibitors for IT/OT integration among DSOs. Further, 
in order to find the right timing for Ericsson to enter, (2) the rate of adoption 
for IT/OT integration will be analyzed. Furthermore, the study will (3) 
investigate how the rate of adoption vary across different customer segments, 
which will indicate what customer segments that typically are first movers 
and more likely to adapt early to the new technology.  
 

1.4 Contribution to Literature 
 
This thesis combines the theories of Industrial Dynamics together with the 
theories of Diffusion of Innovation creating a bridging character of the thesis. 
Industrial Dynamics include the theory of LTS. Diffusion of Innovation in a 
LTS is complex and there are issues such as innovation factors, organizational 
factors and environmental factors that are not addressed in a larger extent in 
previous literature. IT/OT integration and the complexity of the DSO market 
contribute to literature by analyzing both categories of theories and applying 
these to a case within the utility industry. 
 
This thesis contributes to both the research field regarding transformation of 
the electricity industry as well as to Diffusion of Innovation literature. The 
electricity industry is undergoing a fundamental transformation. Previous 
research on the implications of an increased share of renewable is mainly 
focused on the difficulties of such a system. Different technologies are included 
in these studies as possible solutions to the identified problems. However, 
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studies regarding IT/OT integration as a solution are not as widespread. This 
thesis assesses the benefits, drivers and inhibitors for DSOs by integrating IT 
and OT, and presents it as a solution to the identified problem regarding 
increased share of renewable. The political landscape and the regulations 
affecting the electricity industry are constantly changing. In a continuously 
developing context of regulations and technology, there is a constant need for 
new research in the field. New research will complement the previous research 
with current market conditions to fully understand how the transformation of 
the electricity industry is evolving. 
 
Although literature regarding rate of adoption is a popular subject, systematic 
empirical evidence regarding predicting adoption rate in a business-to-business 
(B2B) context is lacking. Previous researches on factors that affect the rate of 
adoption among companies have been identified after the adoption has 
occurred. This thesis will apply these factors prior to the adoption in order to 
predict the rate of adoption. This thesis provides a conceptual platform of 
important factors that can be applied to predict the adoption rate of 
innovations among companies.  
 

1.5 Research Questions 
 
To be able to fulfill the purpose of the study, the main research question is 
formulated as follows:  
 
RQ: What is Ericsson´s window of opportunity to enter the Swedish 
electricity grid industry?  
 
To answer the main research question, the following sub-questions have been 
formulated: 

• Which are the benefits, drivers and inhibitors in the Swedish electricity 
grid system that favor/prevent IT/OT integration? 

• Which factors are of importance for identifying the rate of adoption? 
• How does the rate of adoption vary across different customer segments?  
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1.6 Delimitations 
 
Several of the trends that the electricity networks are facing e.g. increased 
energy from renewable sources, are expected to occur globally. However, this 
study is delimited to the Swedish electricity grid system due to large 
differences between nation’s utility sectors, which make a more global 
approach less useful. This study is delimited to investigate the rate of 
adoption among DSOs i.e. those who own the medium and low-voltage local 
grids. The study will exclude transmission system operators i.e. the owners of 
the high-voltage grids. This is due to that there is only one Transmission 
System Operator (TSO) in Sweden, Svenska Kraftnät, which will not be 
Ericsson’s target customer since Ericsson sees a greater business opportunity 
targeting DSOs.  
 
Furthermore, the development of other technologies, like energy storages that 
could potentially solve the challenges the utility industry is facing, is not 
included in this study. The development of such technologies could result in 
other technology trajectories, which would lead to different outcomes 
regarding the electricity grid evolution.  
 

This study will identify important factors when analyzing the rate of adoption 
of IT/OT integration. The study will highlight the speed of adoption and not 
investigate the factors in-depth or their interaction with each other. Hall and 
Khan (2003) claim that there are different factors regarding the rate of 
adoption, those that: (1) influence the demand for adoption, (2) influence the 
supply characteristics of the new innovation, and (3) the characteristics of the 
environment in which the adoption take place. In this study, the demand and 
environmental factors are investigated while factors regarding the supply 
behavior are neglected. This delimitation is made to decrease the complexity 
of the adoption analysis.   
 

The transformation of the electricity landscape will influence the utility 
industry as a whole, including companies and individuals. This study is 
narrowed to trends and transformations within the industrial level. This level 
is concerned with perspectives on industrial dynamics, regulations, 
globalization and macro economy (Blomkvist & Hallin 2015).  
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1.7 Disposition  
 
This section will present the outline of the report. The report includes six 
chapters, excluding the introduction chapter and contains two levels of 
subsections. The disposition will introduce the chapters and brief the content 
of each chapter.  
 
Chapter 2, Introduction to the Swedish Electricity Grid System: The second 
chapter will introduce the Swedish grid system, together with a section 
presenting current technologies used to operate the grid. 
 
Chapter 3, Literature Review: This chapter will introduce previous studies 
and the theoretical framework that can be connected to the adoption of 
innovations.  
 
Chapter 4, Methodology: The fourth chapter will present the methodology 
used to answer the RQs. This includes the research approach, research design, 
data collection, data analysis and quality of data. 
 
Chapter 5, Empirical Results and Analysis: The fifth chapter will present and 
discuss the results of the study. This includes innovation factors, 
organizational factors, environmental factors and transformation of the 
electricity grid system.  
 
Chapter 6, Ericsson’s Window of Opportunity: The sixth chapter presents and 
discuss Ericsson´s window of opportunity including target customer segment 
and alternative markets.  
 
Chapter 7, Conclusions: The final chapter will present the conclusions of the 
study and conclusions regarding limitations, sustainability and future 
research. 
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2 Introduction to the Swedish Electricity 
Grid System 
 

In this chapter, basic information regarding the Swedish electricity grid 
system is explained, which is necessary to understand the context of the 
problem.  
 

2.1 The Electricity Grid System 
 
The electricity grid system is a network of transmission lines, substations, 
transformers and switches that delivers electricity from power plants to 
electricity consumers like households and industries, see Figure 2. Utilities 
typically rely on complex power distribution schemes and manual switchers to 
keep power flowing to the customers. Errors in the system caused by bad 
weather or sudden changes in electricity demand can lead to outages. (U.S 
Department of Energy, 2016) Different players exist in the Swedish utility 
industry. Those of interest in this study are Producers, Grid companies and 
Electricity consumers. The producers of electricity are players with large 
power plants who distribute the electricity to the national grid. Through the 
national grid, electricity from large power plants is transported to all local 
and regional networks. (Svenska Kraftnät, 2015) In Sweden there are a 
handful of large producers such as Vattenfall, Fortum and E.ON. Grid 
companies include TSOs and DSOs. TSOs own the national or high-voltage 
grid, while DSOs own the medium and low-voltage regional and local grids. In 
Sweden there is only one TSO, Svenska Kraftnät, which is a state owned 
company that is responsible for distributing electricity to the regional and 
local grids as well as sustaining a balance in the system between supply and 
demand. (Svenska Kraftnät, 2015). There are around 170 DSOs in Sweden 
that are responsible for distributing electricity from the national grid to the 
end consumers. The three largest DSOs in Sweden are: Vattenfall 
Eldistrubition, E. ON Elnät Sverige and Ellevio, former Fortum Distribution.   
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Figure 2. Grid system and trading market of electricity 
 
There is only one DSO in each geographical area, therefore electricity 
consumers have no possibility to change grid supplier. This entails that DSOs 
do not have any competition among each other. In monopoly markets, it is 
essential that prices are regulated to avoid unreasonable prices. In Sweden the 
regulator is called Swedish Energy Market Inspectorate (Ei). (SABO, 2012) Ei 
decides the maximum price level that DSOs can charge their customers, which 
is based on the cost structure, including new investments, capital cost and 
operational cost (Ei, 2014). 
 
The trading market of electricity involves companies that buy electricity from 
producers and sell it to end-users. In Sweden trading of electricity is done 
through a platform called Nord Pool where companies can sell and buy 
electricity with prices based on the demand each hour. How the trading 
market is built, its players and connections differ in countries. However, the 
trading market is not further discussed in this thesis.  
 

2.2 Information Technologies and Operational Technologies 
 
In order to operate, maintain and supervise the electricity grid, DSOs use 
different types of IT and OT systems. The following section will introduce the 

Producers 

Electricity consumers 

National grid 

Regional grid Local grid 

Trading market 
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key systems applied by DSOs, as well as why there is lack of integration 
between these system in the Swedish electricity grid system. 
 
Operational Technologies (OT) act in real-time and include devices, sensors 
and software that identify or trigger a change through monitoring and/or 
control of physical devices, processes and events in the company. For 
monitoring and controlling the electricity, DSOs can select from a high 
variety of OT systems. These can be used independently or in collaboration 
with other systems. One of these systems is a called a Supervisory Control 
And Data Acquisition (SCADA) system, which is a remote control system. 
SCADA has many applications, but DSOs mainly use the system to monitor 
the fluctuations in the delivered electricity. SCADA systems are usually 
connected to transformers and other equipment for measurement and 
operation. A system operator can through the SCADA system, ensure the 
stability of the network. If something happens in the network, for example if a 
tree falls on the lead, an alarm will alert the system operator whom can act 
based on the information from the system. (Engström & Lindahl, 2013) The 
SCADA system also contains a database, where all information regarding 
errors are collected. System operators can after an error investigate what and 
why it happened. Engström and Lindahl (2013) identified that few DSOs in 
Sweden are monitoring the low voltage (0,4kV) lines, even though a majority 
of the errors occur at this level in the system.  
 
One of the Information Technologies (IT) DSOs use today to monitor the 
electricity grid is Network Information System (NIS). It is an electrical 
documentation system that withholds information about the network. NIS 
contains information about the cables in the network, their length, and also 
type of disconnectors and transformers installed in the substations. NIS can 
also include a Geographic Information System (GIS), where the cables, 
substations and other units are plotted in a map. (Einarsson & Svensson, 
2014) NIS can be integrated with the SCADA system, forming a Distribution 
Management System (DMS). The integration enables the system operator to 
identify in which geographical area errors occur without switching between 
different systems (Andersson L, 2016). 
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Historically, IT has been used to drive business processes and OT to operate, 
and as a result, most industries have developed and managed IT and OT as 
two independent domains. This can be reflected within the electricity grid 
system since SCADA generally is uploaded to platforms that are separated 
from business IT, due to their critical function. In today’s world of 
connectivity and real-time data, the alignment of IT and OT represents an 
opportunity to improve operational efficiency. The convergence of IT and OT 
has brought clear advantages to companies within different industries (Jones, 
2015). Despite the advantages with IT/OT integration identified in other 
industries, the diffusion in the Swedish electricity grid system is low compared 
to other industries (Andersson L, 2016).  
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3 Literature Review 
 
In this chapter, existing theoretical frameworks and terminology from 
literature are presented. The chapter is divided into two parts – Industrial 
Dynamics and Diffusion of Innovation theories. 
 

The reason to perform a literature review is to critically explore the current 
literature, and it provides guidance for the research (Collis and Hussey, 2014). 
The first part of this chapter, Industrial Dynamics will mainly include theories 
regarding LTS and reverse salients. The second part, Diffusion of Innovation 
theories describes previous research of the topic and present identified factors 
from previous studies.  
 

3.1 Industrial Dynamics 
 

The transformation of the electricity system will have a significant impact on 
the utility industry as a whole, including different stakeholders and 
technologies. To analyze the dynamics of the technology change in this 
industrial system, the theoretical starting point of the study is the literature 
regarding industrial dynamics, with the main focus on Hughes’ LTS theories. 
When Hughes (1983) developed the LTS theories he studied the similar 
system as this research does – the electricity system. The purpose of Hughes’ 
(1983) LTS theories was to be able to analyze the dynamics of technological 
change in industrial system. Therefore, the use of LTS theories, as the basis of 
this study, is useful to analyze the transformation and understand the change 
process and its components further. Furthermore, useful terminologies were 
acknowledged, that later were applied, to investigate and explain the drivers 
and inhibitors that favor/prevent IT/OT integration in the electricity system.   
 
Authors have however criticized the LTS theories. Ewertsson and Ingelstam 
(2004) and Van der Vleuten (2004) criticize LTS research since they perceive 
that there is no strict definition of LTS terminologies. They claim that the 
definitions of basic terms like “systems”, “technical” and “large technical”, are 
neither clear, nor specifies the relationship between the system and its 
environment. Furthermore, Olsson and Sjöstedt (2004)  reflect that LTS 
mainly focus on heroic actors, at the cost of other actors whose actions have 



 13 

been essential for the system development. Bladh (2006)  reflects that Hughes 
(1983) has been criticized for only giving attention to the production of 
electricity and neglecting the importance of consumption of electricity. 
However, he states that Hughes’ (1983) theories can be developed into a clear 
“sociotechnical” position, thus, avoiding both technical determinism and social 
reductionism. Despite this criticism, Hughes (1983) has with his Network of 
power: electrification in Western society, introduced system theory into the 
history of technology (Bladh, 2006).  
 

3.1.1 Large technical systems and Sociotechnical systems  
Hughes (1983) argues that LTS are composed by inter-dependent sub-systems 
that contain components of technical and social nature that affect each other. 
The components in the system may be physical artifacts such as power lines 
in the electricity system. Furthermore, companies such as utility companies, 
as well as laws and natural resources can figure as components in the system. 
The difference between a component and an artifact is that a component 
possesses a degree of freedom. Hughes (1983) claims that the interactive 
components of physical, legislative, institutional, economic, and scientific 
elements align to achieve a set of goals. There is a fluid relationship between 
the components and their function. If a component is altered or removed, the 
system as a whole will compensate by altering the remaining artifacts 
accordingly. Integrating IT/OT would change different artifacts, which will 
affect other components and the character of the electricity system as a whole. 
Thus, the LTS theory is of interest in this research when analyzing the 
transformation of the system.   
 
The theories by Hughes (1983) have been further developed by Geels (2012) 
who investigated sociotechnical systems (STS). A STS is a system with both 
technical and social components that involve technology, regulation, cultural 
meaning, and infrastructure. Geels (2007) stated that STS refers to both sides 
of the system, the society, which means people’s actions and the technical 
aspects of the companies and processes. When analyzing a STS though, it is 
not only the components that are of interest but also how they interact.  
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3.1.2 Innovation in a Large technical system  
Hughes (1983) argues that as a system matures, it acquires style and a 
momentum or dynamic inertia. Mayntz and Hughes (1988) state that this 
phenomenon occurs when heavily investments in machinery, labor, 
organizations, resources and infrastructure are made. Geels (2007) claims that 
the infrastructure of the electricity system can be defined as a momentum, 
which makes the system very costly and difficult to change. LTS generally 
consists of both physical momentum such as infrastructure, and social 
momentum such as culture and values. Geels (2004) refers that momentum is 
an inhibitor for disruptive technologies to diffuse due to regulations, 
infrastructure and user practice leading to a lock-in-effect. Arthur (1990) 
introduced the concept of path dependency, which has many similarities to 
Hughes (1983) momentum. Arthur (1990) claims that when a new technology 
is successfully adopted and becomes dominant, it leads to a lock-in-effect for 
the entire system. Thus, it becomes difficult to transform and change the 
system as resources and infrastructure are built based upon the dominant 
technology. Utterback (1996) argues that a dominant design will lead to path 
dependency as players have to follow industry standards to stay competitive. 
Further, Utterback’s (1996) theory of dominant design confirms Brian 
Arthurs’ (1990) theory of lock-in-effect. Another author, Dosi (1982), argues 
that distributive innovations create different technology paradigms, where the 
dominant design leads to path dependency. Dosi (1982) uses the theories of 
Kuhn (1970) when describing technology paradigm. Kuhn (1970) describes a 
scientific paradigm; as an outlook, which defines the relevant problem, a 
“pattern” of inquiry. There are parallels between Dosi’s (1982) theories and 
Utterback´s (1996) theory of path dependency as well as Hughes´ (1983) 
momentum, which Dosi (1982) claim is created due to technology paradigms. 
Dosi (1982) argues that different technology trajectories exist within a 
technology paradigm, which is described as a “normal” problem solving 
activity set by the technology paradigm. Further, Dosi (1982) argues that 
technology paradigms can have a powerful exclusion effect. This is due to that 
the technical imaginations of engineers within the paradigm are focused on 
the precise directions of the paradigm and “blind” to other technology 
possibilities.  
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The development of LTS is according to Hughes (1983) mainly due to the 
actions of “system builders”, such as engineers, who solve critical problems 
that result in innovations. To drive innovation, the system builders must 
distinguish the “salient” component that is ahead of the remaining components 
in the system, and identify possible “reverse salient” components that lag 
behind rest of the system, thereby restricting its improvement. When aiming 
to develop the technological system, the reverse salient has to be identified 
and solved. (Hughes, 1983) 
 

3.1.3 Reverse Salient  
Innovation in LTS originates from salient/reverse salient. To change the 
system, it is important to identify the salient/reverse salient, define a critical 
problem and come up with a solution (Hughes, 1983). The term, reverse 
salient, was first introduced in World War I as it represents a front line of the 
Germans moving forward against the French. However, due to the strong 
defense of the town Verdun one part of the German front line could not move 
forward, thus, forming a reverse salient. (Hughes, 1983) 
 
 

 
Figure 3. Reverse salient due to undeveloped transmission artifact 
 
The lack of sufficient development of an artifact will affect the progress of the 
whole LTS. The artifacts that create reverse salients, are generally 
undeveloped compared to the rest of the system, thus, it does not function 
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harmonically with the more advanced artifacts. The reverse salient defines the 
technology level of the system as it establishes a limit of performance as the 
lagging artifact cannot be improved or better compiled with the other 
artifacts (Hughes, 1983). Hughes (1983) argues that, when a reverse salient 
cannot be corrected within the context of an existing system, the problem 
becomes a radical one and the solution of which may bring a new competing 
system. Geels (2004) and Dahmén (1970) also express that this creates a 
window for new radical innovations as the existing system has reached a 
potential end-state.  
 

3.2 Diffusion of Innovation Theories 
 
This part of the literature review is used to answer the second sub-RQ: Which 
factors are of importance for identifying the rate of adoption? A conceptual 
model is developed based on the identified factors in previous theories 
regarding predicting the adoption rate of new technologies in a B2B context.  
 
Some innovations diffuse from first introduction to widespread use in a few 
years, while some never succeed. Several studies have been conducted, trying 
to identify the characteristics of innovations that affect the rate at which they 
diffuse and are adopted (Rogers, 2003; Hussein and Mourad, 2014; Sfar, 2013). 
They have also investigated factors that influence the rate of adoption of 
innovations. Several studies have been conducted to explore the 
characteristics of individuals, e.g. innovativeness. However, comparatively few 
studies have considered the business as an entity as the adopter of 
innovations. Hussein and Mourad (2014) and Frambach et al. (1998) argue 
that businesses usually have different decision-making processes than 
consumers and therefore, one cannot automatically assume that the adoption 
rate will be the same for B2B as for business-to-consumer (B2C). Past 
business-related studies have highlighted the importance of applying both 
characteristics of individuals and characteristics of the organization to 
understand the adoption rate of companies. (To and Ngai, 2006; Bayo-
Moriones and Lera-Lopez, 2007)  
 
Since this study analyses the rate of adoption of new technology in a B2B 
context, factors that influence the adoption rate of companies must be 
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identified and evaluated. To identify organizational characteristics that 
influence the adoption rate, Hussein and Mourad (2014) argue that a resource-
based view of companies can be used. Tornatzky and Fleisher (1990) found 
that the process by which a company adopts technological innovations is 
influenced by technological context, the organizational context and the 
environmental context. These three elements can both be constraints and 
opportunities for technological innovations.   
 
The relevant factors identified in theoretical and empirical studies in previous 
innovation adoption studies have been divided into four categories: Innovation 
factors, Market factors, Organizational factors, and Environmental factors. 
This structure is chosen as a similar structure to the structure used by Sfar 
(2013), who studied the factors that influence the adoption of a new ICT. The 
objective of Sfar’s (2013) study was to identify the adoption rate related to a 
company with specific characters, regardless of the individual characters of the 
decision-makers. Thus, Sfar (2013) excluded individual factors of the decision-
maker like age and education, from the conceptual framework. Due to the 
similarities in type of innovation in a B2B context and objective of the study, 
this study is formed in a similar structure to analyze the rate of adoption.  
 

3.2.1 Innovation Factors  
Innovation factors are factors that are related to the innovation and 
technology itself. The most general and widely used model of technology 
adoption is Rogers’ (2003) Perceived Attributes of Innovation (PAI). These 
attributes are characteristics of the innovation, thus, they are placed in this 
category. Rogers (2003) states that these attributes include five characteristics 
of innovations: relative advantage, compatibility, complexity, trialability, and 
observability. He claims that relative advantage, compatibility, and 
complexity are the most important attributes, and these are therefore of main 
focus in this study.  
  

• Relative advantage is the degree to which an innovation is perceived as 
better compared to the idea it supersedes. It can be of economic value, 
social prestige or another benefit. Some sub-dimensions of relative 
advantage include the degree of economic profitability, low initial cost, 
social prestige, and savings in time and effort. (Rogers, 2003) 
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• Compatibility is the degree to which an innovation is perceived as 
consistent with existing values, past experiences, and needs of potential 
adopters. Rogers (2003) claims that an innovation can be compatible 
with: sociocultural values and beliefs, previously introduced ideas, or 
with client needs of the innovation. 

• Complexity is according to Rogers (2003) the degree to which an 
innovation is perceived as difficult to understand or use. Complexity is 
the only attribute that is negatively correlated with the adoption rate. 
Thus, excessive complexity is a serious obstacle in its adoption. 
(Rogers, 2003) 

 
In summary, Rogers (2003) argues that innovations that have more relative 
advantage, compatibility, and is less complex will have a more rapid rate of 
adoption than other innovations. A limitation in Roger’s model is that the 
attributes are perceived values, which are difficult to measure. However, the 
relationship between these attributes and adoption rate have been extensively 
tested by other authors (To and Ngai, 2006; Mourad, 2010; Frambach et al., 
1998) and proven to affect the adoption rate. Therefore, these perceived 
attributes are of high importance when analyzing the adoption rate.  
 

3.2.2 Market Factors 
Innovation is not in itself enough to convert people or companies to adopt. In 
addition to the perceived attributes of innovation, other factors have been 
identified. Market factors are factors that describe the target market of the 
innovation. Several studies have found a positively correlation between 
adoption rate of ICT and number of competitors (Dasgupta et al., 1999; 
Kowtha and Choon, 2001; Hollenstein, 2004) The adoption rate correlates 
with number of competitors, due to the fact that competition usually leads to 
decreasing prices (Karreskog, G. 2009).   
 
Market factors will, however be excluded in this analysis as the adopters being 
analyzed, DSOs, are bound to a geographical area creating a monopoly 
market. The lack of competition makes the market factors not applicable for 
this empirical study. 
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3.2.3 Organizational Factors 
Organizational factors are specific characteristics of the company that affect 
the rate of adoption. Rogers (2003) has classified adopters into different 
categories. In each category, individuals or in this case companies are similar 
in terms of their innovativeness, which represent in what stage a company 
adopt to an innovation. As illustrated in Figure 4, the distribution of adopters 
is a normal distribution curve and the categories are divided in percentage 
over time. The five categories are as follows: the innovators, early adopters, 
early majority, late majority and laggards. Each of these groups of consumers 
has different set of needs, product criteria and reactions to new innovations. 
This model of Rogers (2003) has some shortcomings, which are discussed by 
Mahajan et al (1990). The shortcomings are that the model does not go into 
detail of other factors influencing adoption. The model is used in this thesis 
though, as it is a simple tool to classify the differences between adopters and 
their characteristics (Roger, 2003).  
 

  
Figure 4. Adoption curve with adoption categories 
 
Moreover, literature regarding diffusion has debated the role of company size. 
Some authors have proven that market power and company size are positively 
correlated to companies’ innovativeness (Mytinger, 1968). While others have 
obtained results that prove that market power discourage the diffusion process 
(Henderson and Clark, 1990). Those authors that found empirical evidence 
that company size and market share is positively correlated to companies’ 
innovativeness, state that larger companies usually have greater availability to 
resources, which is important since innovations often involves huge upfront 
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costs. On the contrary, Henderson and Clark (1990) argue that large largesize 
might slow down the rate of adoption, due to high level of bureaucracy. 
Further, they state that it might be relatively more expensive for elder and 
larger companies to adopt a new technology as their current resources are 
bound to elder technologies. In the presence of a network, this may be a 
greater problem since it probably more expensive to convert the entire 
network to the new technology. The company size has proven to be an 
important factor to predict a company’s innovativeness (Mohr, 1969; 
Mansfield, 1963). It is often used because it is easy to observe and it serves as 
a proxy for several things (Haller and Siedschlag, 2011). Large companies are 
more likely to have access to both human and financial resources to invest in 
innovation project, which is necessary to stay ahead competitors. Rogers 
(2003) argues that although correlation often occurs between company size 
and access to resources, it is the second aspect that creates a more innovative 
company. Thus, it is more important to consider the dimensions of access to 
resources rather than the company size.   

 
Hussein and Mourad (2014) found evidence that employee knowledge, 
organizational learning, and top management support have a positive 
correlation with the technology adoption in the education industry. Employee 
knowledge has also been identified by Rosenberg (1972), as an important 
factor for the adoption rate by companies. Rosenberg (1972) states that if an 
innovation requires new skills and if it is costly or time-consuming to acquire 
the new competence, the adoption rate will likely decrease. Among others, 
Nelson and Phelps (1966) found evidence for that a highly educated workforce 
facilitates an early adoption of new technology (Hussein and Mourad, 2014; 
Bartel and Lichtenberg, 1987; Chun, 2003). Hussein and Mourad (2014, p. 
530) state; 
 

 “Organizational learning involves enforcing organizational values to 
influence the propensity of the organization to create and use knowledge”  

 
A company cannot innovate if they do not have the capabilities to make use 
of their learning. Orlikowski (1993) also found evidence that top management 
support is crucial in the adoption of innovations. Generally, there are limited 
resources in companies. Thus, top management support can ensure that 
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innovations will get the required resources and capabilities. Bugamelli and 
Pagano (2004) found that the lack of investment in human capital and 
organizational change acted as an inhibitor to implement ICT in 
manufacturing companies. 
 

3.2.4 Environmental Factors 
Hall and Khan (2003) state, that government and regulations can have a 
powerful effect on the adoption rate. Depending on the particular price-setting 
mechanism chosen by the regulator, the correlation can be both positive and 
negative with the rate of adoption. Regulations can be both of an economical 
and an environmental form. In this study environmental factors play a central 
role, as the market being analyzed is a highly regulated market since there is 
no competition between different players.  
 

3.3 Theoretical Framework of the Study 
 
The theoretical framework of this study has been developed based on the 
literature review. Parts from the literature, which will be of value to answer 
the RQs, have been selected and applied in this study. This theoretical 
framework is used to understand the current transformation of the electricity 
system. LTS and STS theories provide useful terminology that in this study 
will be applied to analyze and explain the drivers and inhibitors of IT/OT 
integration in the Swedish electricity grid system. It will further be useful 
when analyzing the change process and its artifacts further. The reverse 
salient and salient theory is of great value and it provides an approach to 
analyze and answer the first sub-RQ regarding drivers and inhibitors. The 
terminology in this study has been developed in order to suite potential 
readers. From this chapter and forward, this terminology will be applied:   
 

• Benefits – attributes that are advantageous with IT/OT integration for 
DSOs 

• Salients – will be named “Drivers” 
• Reverse salient – will be named “Inhibitors” 
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The theoretical framework also includes parts from Diffusion of Innovation 
theories. This framework is useful when analyzing the second sub-RQ: Which 
factors are of importance for identifying the rate of adoption? According to 
the literature review regarding Diffusion of Innovation theories, a large 
number of factors have been shown to influence the adoption of innovation. 
However, the objective of this study is not to identify and analyze all factors 
from the literature. Rather it is to select the most relevant factors that can be 
evaluated and analyzed. The identified factors have been applied to predict 
the rate of adoption of IT/OT integration among DSOs in the Swedish 
electricity grid system. The developed conceptual model regarding Diffusion 
and Innovation theories is illustrated in Figure 5. The identified and relevant 
factors have been divided into three categories: Innovation factors, 
Organizational factors, and Environmental factors.  
 
 
 
 
 

Figure 5. Adoption of innovations by companies 
 

In order to answer the third sub-RQ: How does the rate of adoption vary 
across different customer segments? Rogers’ (2003) Adoption curve has been 
applied. This theoretical framework enables that a customer segmentation can 
be created, which is useful to determine which customers that Ericsson should 
target when entering the electricity industry.  
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4 Methodology  
 

In this chapter, the research approach is described followed by research 
design, and data collection methods. Further, data analysis and quality of 
analysis are discussed.  

 

4.1 Research Approach 
 
The research is of an explanatory type since it goes beyond merely describing 
the characteristics of the different factors that influence the rate of adoption, 
to explain why and how the phenomenon is happening. The research uses a 
qualitative approach to address the RQs and analyze the data using 
interpretative methods. The research uses a triangulation approach, where 
multiple sources are used and interviews are made with different stakeholders 
in order to increase the validity of the study. 
 
One objective of this study is to identify factors that influence the adoption 
rate of an innovation in a B2B context. The most relevant factors for 
adoption rate have been identified and applied to predict the adoption rate of 
IT/OT integration within the Swedish electricity grid system.  
 
Rogers (2003) states that there are three useful approaches to analyze the 
future rate of adoption:  

1. Extrapolation from the rate of adoption of past innovations into the 
future for similar innovations  

2. Describe a hypothetical innovation for the potential adopters and 
determine their perceived attributes  

3. Investigate the acceptability of an innovation in its pre-diffusion stages 
 
In this study, the second approach to analyze the adoption rate has been 
applied. Data have been collected through interviews with potential customers 
and adopters of IT/OT integration. Data from the interviews have been used 
to identify drivers, inhibitors and other factors that influence the rate of 
adoption of the innovations. Tornatzky and Klein (1981) claim that researches 
when predicting the adoption of an innovation is more valuable if the 
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attributes are being gathered prior to, or simultaneously with, individuals’ 
decisions to adopt the innovation. This argues for the second approach of the 
three presented by Rogers (2003). Even though multiple approaches can be 
applied, the first and the third have been neglected. The first approach was 
excluded as the second approach implied more potential of valid result and 
combining the two approaches would not fit in the time frame of a master 
thesis. The third approach was excluded as the innovation is only in its early 
stage making the third approach less applicable. 
 
As the second of Rogers (2003) approach has been chosen, a literature review 
has been done to identify key factors to predict the rate of adoption followed 
by an empirical study. More specifically, the innovation being analyzed in the 
empirical study is the implementation of IT/OT integration in the Swedish 
electricity grid system, which is further described in chapter 2, section 2.1  – 
The Electricity Grid System. 
 

4.2 Research Design 
 
The research design can be illustrated as a process, where first a pre-study is 
conducted followed by an empirical study. However, data collection and data 
analysis are included in both parts, as interviews have been conducted both in 
the pre-study and the empirical study to both understand and cover the scope 
of the study. The main parts of the literature review have been collected and 
analyzed within the pre-study but as new findings were identified in the 
empirical study the literature has been reviewed, changed or added when 
needed. The main parts of the research process are illustrated in Figure 6. 
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Figure 6. Research process 
 

-‐ Formulation. A problem formulation has been stated as a starting 
point for the study and research questions to structure and clarify the 
problem. The main target was to identify important factors that 
influence the adoption of ICT in the utility industry. This was later 
specified to the IT/OT integration in the Swedish electricity grid 
system.  

 
-‐ Pre-study. A pre-study was made in order to clarify the current state, 

and gain deeper knowledge regarding the Swedish electricity grid 
system. The pre-study involved both collecting information of the 
Swedish electricity grid system and conducting interviews with experts 
in adoption of innovation and the utility industry.  

 
-‐ Empirical study. An empirical study of IT/OT integration in the 

Swedish grid system was conducted. This, in order to analyze how the 
factors identified in the pre-study could be used to predict the adoption 
rate and how they vary across different customer segments. Data was 
collected through interviews with potential customers for IT/OT 
integration.  

 
-‐ Conclusion. Results from empirical study were linked to the pre-study 

and conclusions were drawn. 
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-‐ Literature review. Industrial Dynamic and Diffusion of Innovation 
theories were gathered throughout the whole research process.  

 
-‐ Continuous discussion with supervisors. Discussions were made 

throughout the whole research process with supervisors both from 
Ericsson and KTH to minimize misunderstandings and working 
towards the purpose of the study. 

 

4.3 Data Collection 
 
Data was collected in both the pre- and empirical study. The research was 
design mainly to handle qualitative data. A majority of the data was collected 
through interviews. This gave an understanding regarding the problem and it 
was later used to answer the RQs of the study. Secondary data was collected 
in a literature review where main findings were collected and analyzed in the 
pre-study but reviewed throughout the whole research process. This section 
will describe the data collection methods used in the pre- and empirical study. 
 

4.3.1 Literature Review  
According to Watson & Webster (2002), the literature review should cover 
the theoretical framework that will later help the researcher solve the RQs. 
Therefore, the literature review of this study covers both information 
regarding the utility industry and the theoretical framework for rate of 
adoption. These have later been used as a tool to solve the RQs. The 
literature review includes research from books, reports and scientific articles. 
KTH Library service Primo and Google Scholar have been the main tools for 
finding secondary sources. By doing a literature review, factors influencing the 
adoption rate were early identified.  
 
The literature review covers three main areas: Grid Systems, Industrial 
Dynamics and Diffusion of Innovation theories. The first part is used to 
generate an understanding of the problem and put the RQs in the right 
context. Majority of the literature review regarding the first area is collected 
within the pre-study. Within the second part, Industrial Dynamics, Hughes’ 
(1983) theory of LTS has been one of the main sources to describe the 
phenomenon being studied while several authors have been used to identify 
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the third part, Diffusion of Innovations theories. The key words that have 
been used for the literature review were:  
 

1. Grid System  
- Distribution System Operators (DSO) 
- Swedish Energy Markets Inspectorate (Ei) 
- Supervisory Control And Data Acquisition (SCADA) 
- Information-/Operational Technology integration (IT/OT 

integration) 
2. Industrial Dynamics 

- Large Technical System (LTS) 
- Sociotechnical Systems (STS) 
- Reverse salient 

3. Diffusion of Innovations theories 
- Adoption rate 
- Diffusion of new technology 
- Factors for adoption speed 

 

4.3.2 Pre-Study Interviews 
In the second part of the research process, the pre-study, interviews have been 
conducted with representatives from the academia and other experts in 
Diffusion of Innovation theory and the utility sector. The questions in these 
interviews have been of semi-structured type with open-ended questions to 
identify important factors and other information that affect the rate of 
adoption. The open-ended questions were appropriate in this phase of the 
research process as it entails an interesting discussion with the respondents 
and generates more explaining answers (Collis & Hussey, 2014). To maximize 
efficiency and minimize misunderstandings all interviews were recorded. The 
questions that were used in this phase are presented in Appendix A. It 
included four sections and a total of 19 questions. However, dependent on the 
respondents’ field of interest, not all were questions asked. After each 
interview the questions were reviewed, which finally lead to three sections 
including 15 questions. These questions were later used in the empirical 
interviews, see Appendix B. The persons that have been interviewed in the 
pre-study are presented in the Table 1.  
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Table 1. Pre-study interviews 
 

4.3.3 Empirical Study Interviews 
The interviews in the empirical study were conducted with potential 
customers and DSOs, of IT/OT integration. More specifically, DSOs with 
different sizes, both in revenue and geographical area, were interviewed to 
identify if the rate of adoption differ between different customer types. The 
method used for data collection, in the empirical study, was mainly structured 
interviews with closed questions. This means that the questions are planned in 
advance and each interviewee is asked the same questions in the same order 
(Blomkvist & Hallin, 2015). Thus, comparing the results from each interview 
was easier, and helped to indicate existence of agreements and disagreements, 
as well as how potential customers differed.  
 
The empirical interviews were conducted in different steps. 19 DSOs were 
chosen thru cold calling. An email was sent before each interview with the 
questions being asked later in the interview. Each interview was around 30 
minutes. First, the topic was first introduced to minimize misunderstandings, 
followed by 15 questions structured in different sections, see Appendix B. A 
translation was done to Swedish to minimize misunderstandings as all 
empirical interviews were done with Swedish speaking respondents. All 
interviews were recorded and the interviewees were asked if their names could 
be used in the report to improve the reliability of the study. After analyzing 
the interviews, emails were sent to some respondents with questions that 

Title Firm/Institute Area of  interest 

Market Analyst Swedish Energy Markets Inspectorate (Ei) Regulations of  Swedish grid system

Financial Analyst Swedish Energy Markets Inspectorate (Ei) Regulations of  Swedish grid system

Ph. D. Student KTH Diffusion of  innovations

Professor KTH Electric Power and Energy Systems

Researcher KTH/Fortum Värme Techno-Economic analysis of  energy systems

Senior Sales Executive ABB - Enterprise Software SCADA in grid systems

Visiting Professor KTH Commercialization of  technology

Smart Grid Consultant Ericsson - Utility Utilility Communications - Grid Operations
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needed clarification. The interviewed DSOs with revenue and geographical 
size are presented in the table below. 
 

 
Table 2. Empirical study interviews 

 

4.4 Data Analysis 
 
This section will present how the analyses have been conducted with data 
from both pre- and empirical study, as well as the literature review. 

Data collected from the pre-study has, as a first step, been synthesized in 
order to identify the main factors that influence rate of adoption of 
innovations. These have later been used to predict the rate of adoption of 

Title Firm Geographical size* Revenue (2012-2015)**

Head of  Maintenance E.ON Large Large

Manager Communications E.ON Large Large

Technology manager Ellevio Large Large

Vice CEO Mälarenergi Elnät Large Medium

Head of  Grid Operations Eskilstuna Energi & Miljö Medium Medium

Head of  Power Dist. Grid Umeå Energi Elnät Large Medium

Vice CEO Jönköping Energi Nät Medium Medium

Power Grid engineer Telge Nät Medium Medium

Head of  Grid Operations Borås Elnät Small Medium

Head of  Grid Operations Halmstads Energi Miljö Small Medium

Head of  Grid Operations Dala Energi Elnät Large Medium

Head of  Grid Operations Borlänge Energi Elnät Medium Medium

Head of  Grid Operations Falu Elnät Large Medium

Head of  IT Nacka Energi Small Medium

CEO Härjeåns Nät Large Medium

Head of  Grid Operations PiteEnergi Large Medium

Head of  grid department Affärsverken Karlskrona Small Medium

CEO Skånska Energi Nät Medium Medium

CEO Nässjö Affärsverk Elnät Small Small

Head of  Grid Operations Alvesta Elnät Small Small

*Small<1000 km2, 1000 km2<Medium<3000 km2, 3000 km2<Large. Source: Energimarknadsinspektionen (2014)

**Small<SEK 200 million, SEK 200 million<Medium<SEK 2 000 million, SEK 2 000 million<Large Source: Nätområden.se (2011)
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IT/OT integration within the Swedish electricity grid system, which the 
empirical study refers to.  
 
The data analysis in the empirical study can be divided in more specific parts. 
First, to determine if diffusion even is possible, Rogers (2003) argues that 
benefits, drivers and inhibitors of the innovation need to be clarified, which 
Giertz (2016) confirmed, which is one of the professors at KTH. After 
determine these aspects, the Swedish grid market and its regulations needed 
to be analyzed and synthesized in order to understand the environment 
factors of the innovation, which Hall and Khan (2003) argue is one of the 
main areas when predicting adoption. After stating these aspects, the 
interviews with DSOs were analyzed with a type of cross-case analysis, more 
specifically the empirical interviews were compared with each other and 
analyzed. This type of analysis makes it easy to identify similarities, but also 
differences, between samples. The analysis was useful to identify which factors 
that are useful when analyzing adoption rate and how they differ between 
customer segments. (Collis & Hussey, 2014)  

Later, agreement and disagreements were added in the analysis and 
synthesized as it gave an interesting view why IT/OT integration is still in its 
early stage within the Swedish electricity grid system. Finally, conclusions 
were drawn, as well as a discussion of other markets that might be of interest 
for further research. 

 
4.5 Quality of Analysis 
 
When conducting a qualitative research there are three important aspects to 
evaluate to estimate the quality of the analysis. These are: Reliability, 
Validity and Generalizability. (Blomkvist & Hallin, 2015). This section will 
discuss and evaluate these aspects.  
 

4.5.1 Reliability 
The reliability of a study refers to the differences in the results if the research 
would be repeated. This means that if another researcher would repeat the 
study and follow the same methodology, the results would be similar (Collis & 
Hussey, 2014). Since the major part of the data in this study was collected 
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through interviews, both semi-structured and structured, it would be difficult 
to obtain the same results if the study was repeated, compared to a 
quantitative study. The semi-structured interviews have been focused around 
different topics of interest. These interviews do not give any distinct answers, 
but rather discussions, which reduces the reliability of these questions 
compared to structured interviews. The structured interviews gave more 
precise answers, which will be easier for another researcher to receive. Thus, 
the results from the structured interviews have a higher reliability than the 
results from the semi-structured interviews. Another important factor for 
reliability is the anonymity of the interviewees. All respondents agreed to be 
named in this thesis, which increase the reliability of the study. Though, 
overall the reliability of this research will be rather low since it is based on 
qualitative data.  
 

4.5.2 Validity 
Validity is the extent to which the findings of the research accurately reflects 
the phenomenon being studied. In a study with high validity, the results 
should be able to stand up to close scrutiny. Research errors like poor samples 
will likely undermine the validity. (Collis & Hussey, 2014) Thus, the 
background and the purpose of the interviews were introduced before each 
interview to minimize misunderstandings. To enhance the validity of the 
study, interviews have been conducted in the pre-study both with professors, 
as well as experts. This gave a broader understanding of the problem, thus, 
increased the validity of the study.  
 
Moreover, to enhance the triangulation approach of the study, information 
has been collected both thru first and secondary sources. The interviews have 
been conducted with different stakeholders, both from the utility industry as 
well as experts in innovation and its adoption. The number of interviews 
together with the various stakeholders have, therefore, increased the validity 
of the study.  
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4.5.3 Generalizability 
Generalizability is the extent to which the findings in the research can be 
extended to other cases (Collis & Hussey, 2014). This study focuses on a 
single adoption, decreasing the generalizability of the study. However, the 
approach and methodology being applied when analyzing adoption can be 
used when analyzing other innovations and markets. This makes the study 
generalizable in these practically cases. For example, the factors influencing 
the rate of adoption that have been identified in this study can be used to 
analyze adoption rate for another innovation. Alternatively, same type of 
factors could be used to analyze adoption rate for IT/OT integration in a 
different nation.   
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5 Empirical Results and Analysis 
 

In this chapter, the empirical findings from the conducted interviews are 
presented and discussed. The chapter is divided into four parts: Innovation 
factors, Organizational factors, Environmental factors, and Transformation of 
the electricity system.  
 

The first three parts in this chapter is structured based upon the technological 
context (Innovation factors), organizational context (Organizational factors), 
and environmental context (Environmental factors), described by Tornatzky 
and Fleicher (1990). The first section - Innovation Factors, will present and 
discuss benefits, drivers, and inhibitors. The second section – Organizational 
Factors will present and discuss three parts; general agreements and 
disagreements among DSOs, identified customer segments and main adoption 
rate factors categories. The third section– Environmental Factors will present 
and discuss the environmental factors and their implication on rate of 
adoption of IT/OT integration. The fourth and final section of this chapter – 
Transformation of the Electricity Grid System will present the analysis 
regarding the planned level of IT/OT integration among DSOs and how the 
electricity grid system might transform. 
 
Moreover, the chapter presents both the empirical results and the analysis. 
This structure has been chosen to create a better discussion where the 
empirical results are analyzed together with the factors identified in the 
literature review. The structure has made it possible to identify how factors 
from literature can be used to analyze the adoption rate of IT/OT integration 
in the Swedish electricity grid system. The chapter presents the findings and 
analysis, which later are connected to Ericsson´s window of opportunity, 
discussed in chapter 6. 
 

5.1 Innovation Factors 
 
This section will answer the first sub-RQ: Which are the drivers and 
inhibitors in the Swedish electricity grid system that favor/prevent IT/OT 
integration? For adoption of an innovation even to be possible, the innovation 
must have benefits or drivers that push for the adoption to happen (Giertz, 
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2016). If an innovation is not better than the idea it supersedes, then there is 
no reason to adopt it (Rogers, 2003). Thus, the benefits, drivers, and 
inhibitors of IT/OT integration among DSOs are presented and analyzed in 
this section.  
 

5.1.1 Benefits 
Several benefits of IT/OT integration have been identified through the 
interviews. This section will present the benefits that were mentioned by a 
majority of the interviewed DSOs. The identified benefits can be categorized 
in three main areas: 
 

- Operate grid more efficient 
- Improved outage detection 
- Improved outage response 

 
Operate grid more efficiently, refers to that more information and intelligent 
data which IT/OT integration creates, can reduce OPEX and make 
operations more efficient. Staffansson (2016), one of the interviewed 
representing a DSO, explained how information could be centralized and 
operations handled more efficient: 
 

“IT/OT integration enables that information and resources can be 
centralized, which makes operations more efficient.”  
 
Further, DSOs are today installing large, expensive components and over 
dimension their grids to handle peak demands. This would not be necessary if 
grids could be operated more efficient. Therefore, DSOs can reduce their 
CAPEX by minimizing the peak demands and operate the grid more efficient 
with IT/OT solutions instead of investing in over dimensioned components 
(Håkansson, 2016). DSOs can also reduce their OPEX as more efficient 
troubleshooting in the grid is possible with IT/OT integration (Örning, 2016).  
 
A key component of IT/OT integration is outage detection. Today, all of the 
interviewed DSOs rely on customers phone calls to know what areas of their 
distribution system are being affected by power outage. Implementation of 
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smart meters in households, together with IT/OT integration will help DSOs 
to quickly pinpoint the source of power outages. (Persson, J. 2016).  
 
However, improved detection is not the only thing that is important. An 
efficient and quick outage response leads to higher customer value as the 
outage time is minimized or eliminated. A majority of the DSOs claim that 
the outage response can be optimized with IT/OT integration. Implementing 
sensors and automated switching systems can reroute electricity in a matter of 
seconds, minimizing outage time (Staffansson, 2016). It may even be possible 
to react quickly enough to power disturbances so that only those in the 
immediate neighborhood are affected. Other customers' electricity distribution 
can be rerouted fast enough to avoid interruptions. Staffansson (2016) also 
added that IT/OT integration enable a more proactive automation as it gives 
increased opportunities to identify deviations and errors, and handle these 
without affecting the quality of the electricity or the end consumer. Persson 
(2016) describes the feature as a first step towards a “self-healing” grid, which 
means that the grid operates automatically and reroutes power flows 
automatically.  
 

5.1.2 Drivers 
The main driver that was mentioned by a majority of the respondents is the 
increased amount of energy from renewable sources and micro production 
(Savetun, 2016; Persson L-O, 2016; Karlsson, 2016; Andersson K, 2016; 
Lindeberg, 2016). Today, the main energy sources in Sweden are hydropower 
and nuclear power, which are very stable in energy production. These sources 
can produce energy independently of external forces such as sun and wind 
(Söder & Amelin, 2011). Håkansson (2016) stated that with a steady supply 
of energy, there is lack of incentives to invest in more advanced control 
systems such as IT/OT integration. However, if energy from renewable 
sources is increasing, the incentives will enhance. Among others, Andersson K 
(2016) mentioned that micro production and more renewables could cause 
issues with voltage, power factor and reverse power flow. This was further 
discussed by Wennerholm (2016), who described that these issues could be 
predicted and resolved by integrating IT/OT systems. He said, IT/OT 
integration enable grid operators to reduce power demand quickly when wind 
and solar power dips. Further, it will help to stabilize the fluctuations in wind 
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and solar resources. This has been supported by studies which have shown 
that by connecting wind and solar resources from a diversity of geographical 
locations helps to balance out fluctuations (SmartGrid, 2016). In other words, 
when the wind is not blowing in North of Stockholm, it may be blowing in the 
South. Integrated systems enable grid operators to redirect the energy supply 
to where it is needed (Andersson K, 2016). Thus, IT/OT integration will 
result in a more steady supply of renewable resources. (Lindberg, 2016; 
Wennerholm, 2016) In sum, to maintain the balance in the grid and because 
energy storage capabilities are still low, it is essential to integrate 
communication technologies and IT solutions with OT to monitor and control 
the production from the different renewable sources.  
 
Another driver that was discussed during the interviews was Big Data. 
Karlsson (2016) mentioned that in a few years DSOs would roll out the next 
generation smart meters among Swedish households. Smart meters are 
electronic devices at the grid edge that record consumption of electricity, and 
communicate that information to the DSOs for monitoring and billing 
(Department of Energy, 2013). Next generation smart meters enable a two-
way communication between the consumers and DSOs (Johansson S-O, 2016). 
Köhler (2016) explained that next generation smart meters, will generate an 
increased amount of information and data regarding consumers’ behavior. 
This will enable DSOs to operate their grids in a more efficient way. However, 
before DSOs can use the data it needs to be collected and analyzed. 
Staffansson (2016) described that IT/OT integration can enable big data 
processing and analytics that allow relevant data to be processed and 
extracted quickly. Thus, the integration provides intelligent analysis and 
improved operations with reduced peak demands. (Johansson S-O, 2016; 
Köhler, 2016; Staffansson, 2016)   
 
In sum, there are many benefits that can be linked to IT/OT integration 
among DSOs. However, IT/OT integration is not the only potential 
technology trajectory, but the drivers can lead to other innovations. 
Integrating IT/OT will create a momentum, or a path dependency. Dosi 
(1982) argued that technology paradigms create powerful exclusion effects. 
Building an infrastructure based upon IT/OT integration will therefore 
neglect other technical trajectories that could be suitable solutions for the 
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drivers that have been identified through the interviews. For example, 
batteries could be implemented to handle the future fluctuations in the grids. 
However, analyzing the aspects of momentum and path dependence compared 
to other technologies is difficult. Other substitutes to IT/OT integration need 
to be identified and analyzed. IT/OT integration might therefore lead to 
momentum and path dependence but it will not be discussed further as no 
substitute is analyzed in this thesis. 
 

5.1.3 Inhibitors and Potential Solutions 
This section presents identified inhibitors and potential solutions regarding 
IT/OT integration in the Swedish electricity grid system. The findings are 
based on the conducted interviews with DSOs and supported with secondary 
sources. Throughout the study, it has been clear that the network electricity 
system is complex and highly regulated. The system is composed by 
components of technical and social natures that interact. Thus, the identified 
inhibitors affect each other. To make it transparent to the reader, each 
inhibitor will be treated separately as independent components in the system. 
Several inhibitors were identified during the interviews. However, four 
inhibitors were mentioned by at least three independent sources. Therefore, 
they fulfill the triangulation approach and will be of main focus. The four 
inhibitors are: (1) IT Security, (2) Company Culture, (3) Pricing Model, and 
(4) Low Electricity Price.   
 
IT Security  

One of the most crucial identified inhibitor that almost all respondets claimed 
is the IT security of IT/OT integration. Historically, IT has been used to 
drive business processes such as billing and OT to operate and control the 
distribution of the electricity. Thus, DSOs have developed and managed IT 
and OT as two independent domains, with different processes and 
technologies (Engström & Lindahl, 2013). Lindholm (2016) stated that since 
SCADA have been developed as a stand-alone system, the main focus of 
suppliers has not been on developing systems that are compatible with IT. 
Instead Savetun (2016) claimed that SCADA systems generally are uploaded 
to platforms that are separated from the business IT. Persson L (2016) stated 
that SCADA is a real-time system and it is essential for electricity 
distribution, thus, it is more exposed to cyber-attacks than other systems. 
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Due to SCADA’s critical function such as monitoring and controlling, various 
respondents argue that SCADA possess a great risk for cyber-attacks which is 
the reason why they are uploaded to highly secured platforms that are 
separated from IT (Wemming, 2016; Sjöström, 2016; Håkansson, 2016). By 
integrating IT and SCADA, new opportunities emerge for hackers to enter 
SCADA and take control of the distributed electricity in societies, which 
could have devastating consequences. Another risk, with less harmful 
consequences for the society, is if hackers were able to alter the data collected 
from smart meters in households. If an electricity consumer is able to hack the 
smart meters, they could alter the data and make it appear as they have used 
less electricity than they actually have, consequently reduce their electricity 
bill. Accordingly, DSOs revenue and profit would decrease. (Johansson S-O, 
2016) 
 
However, among others, Staffansson (2016) argued that DSOs can overcome 
the IT security risk since players in other industries, like the 
telecommunication industry, have overcome a similar risk (Savetun, 2016; 
Andersson, 2016; Johansson S-O, 2016). Currently, some DSOs are trying to 
solve this lagging component. They have integrated NIS/GIS with their 
SCADA, and their solution to the IT security risk is that the communication 
between the two systems is in one direction. NIS/GIS can abstract data from 
SCADA but it is not possible to enter the SCADA system through NIS/GIS. 
Staffansson (2016) stated that various stakeholders are using the IT security 
risk as a reason not to implement new technology, thus, he claimed that it is 
more a culture inhibitor.   
 
Based on the empirical findings and the conducted analysis, IT security is 
preventing IT/OT integration among DSOs. Even though the inhibitor, IT 
security, is lagging behind rest of the system, it can be solved and developed 
to function harmonically with the more advanced components.  
 
Company Culture of DSOs  

The second inhibitor that has been identified through the interviews is the 
company culture of DSOs. Several respondents state that the electricity 
industry is very conservative and in general risk averse. Simultaneously, as 
employees are older and not used to IT. Doraszelski (2004) claims that there 



 39 

is a high level of uncertainty regarding new technologies. IT/OT integration is 
a new type of technology even though it consists of two old technology 
components, IT and OT. DSOs’ low willingness to be exposed to risks does 
not drive innovations (Rogers, 2003). Similarly, the fact that DSOs are 
operating in a monopoly market does not enhance the risk willingness, since 
they do not have incentives to be better than competitors. Wemming (2016) 
argued that law and regulations are driving innovations among DSOs. 
Karlsson (2016) and Paulsson (2016) pointed out the same pattern, and 
argued that a majority of DSOs will not implement new technologies unless 
they have to due to regulations. Lindholm (2016) stated that a common 
background of operators is that they have worked in the field as part of a 
repair crew. This entails that they have a high knowledge regarding OT such 
as power lines, switches and transformers. However, they usually do not have 
a lot of experience regarding IT. (Einarsson and Svensson, 2014) Several 
respondents claimed that the technology that enables IT/OT integration exist 
and it is rather the people working in this conservative industry that is 
preventing the integration. (Nordström, 2016; Staffansson, 2016) 
 
An interesting parallel can be drawn to the LTS theory. The culture in DSOs 
can be compared with what Hughes (1983) describes as momentum and 
Arthur’s (1990) lock-in-effect. This social momentum, the culture, is a 
condition that causes the system to become viscous and difficult to adapt to 
change. In this case social momentum arises due to employees’ attitude 
toward change and innovation. Lindholm (2016) stated that historically, many 
employees have worked several decades in the electricity industry. Their ways 
of working have been efficient and suitable in the past, thus, they believe they 
can apply the same ways of working in the future. However, the electricity 
industry is transforming, therefore, employees’ ways of working must change 
as well.  
 
Based on the empirical findings and the conducted analysis, the culture 
among several DSOs in Sweden is preventing IT/OT integration. Even though 
the social momentum, caused by the attitude of employees makes it difficult 
to adopt to an innovation, it can be solved and developed. Among others, 
Köhler (2016) claimed that it is essential to recruit enthusiasts that are 
driving the changes and can lead others. To be innovative, Köhler (2016) also 
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states that top management support and organizational learning is important. 
Even though a company decides to implement a new innovation, they cannot 
innovate if they do not have the capabilities to make use of their learning. 
Other respondents pointed out the same pattern as Köhler (Paulsson, 2016; 
Hällström, 2016; Savetun, 2016; Hansson, 2016). This has also been verified in 
the research conducted by Hussein and Mourad (2014) and Orlikowski (1993). 
Also, Bugamelli and Pagano (2004) found evidence that lack of investment in 
human capital and organizational change act as an inhibitor for implementing 
ICT.  
 
Pricing Model 

Another identified inhibitor is the regulated pricing model, constructed by Ei. 
Lindersson and Öhlund (2016), who are analyst at Ei, stated that since there 
is only one electricity grid operator within each geographical area and 
consumers cannot change grid supplier, it is important that the prices are 
regulated to avoid unreasonable and discriminatory network fees. Further, 
they described that in 2012, an ex-ante regulation of electricity network fees 
was introduced in Sweden. DSOs have been given individual calculated 
revenue caps from Ei for the total amount that they may charge their 
customers during a 4-year time period. The purpose of the revenue cap is that 
DSOs shall obtain reasonable coverage for their costs and reasonable return 
on the capital that is required to run their the operations. (Ei, 2015; 
Lindersson and Öhlund, 2016) According to Persson L (2016), Örning (2016) 
and Lindersson and Öhlund (2016), calculating the revenue cap can be 
complex and difficult because it involves several parameters. Lindersson and 
Öhlund (2016) claimed that a simplified description of the revenue cap is that 
it consists of the DSOs CAPEX and OPEX, see Figure 7. 
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Figure 7. The revenue cap divided in CAPEX and OPEX 
 

• CAPEX can be divided into two parts – The depreciation cost and cost 
of capital. The depreciation time for physical units is 40 years, while it 
is 10 years for IT. The cost of capital is calculated with a specific 
discount rate. The calculated cost of capital during the time period is 
affected by the quality of the delivered electricity as well as how 
effective the network is utilized. The quality in the network is based on 
power outages, while how effective a network is operated is based on 
network losses and the network load. However, this part of the cost of 
capital can only influence the revenue cap with 5% increase or 
decrease. (Ei, 2016)  

• OPEX relates to operation and maintenance costs, customer-specific 
costs regarding measuring, calculation and reporting. Other examples 
are costs like subscriptions to TSOs and agency fees. (Ei, 2016) 

 
During the interviews, a disagreement regarding if the pricing model is driving 
the best innovations between the DSOs was identified. A majority of the 
respondents claimed that the pricing model creates incentives to invest in the 
network (Andersson (2016); Savetun (2016); Hällström (2016); Roos (2016)). 

CAPEX OPEX 

Revenue cap 

• Specific discount rate 
4,53% (2016-1019) 

Cost of capital 

• 40 years physical units 
• 10 years IT systems 

Depreciation cost 

• Including expected investments during the time period 

• Power outages 

Quality of delivered 
electricity 

• Network losses 
• Network load 

How effective the 
network is utilized  

5% 
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However, among others, Johansson S (2016) argued that the pricing model 
does not provide incentives for the right type of investments. For example, 
the depreciation time is 40 years, but many respondents claim that physical 
units have a lifetime of 50-60 years. If a unit is older than 40 years, the DSO 
cannot include it in the cost of capital, which will reduce their revenue cap. A 
consequence according to Lindberg (2016) is that some DSOs dig up their 
lines and change them after 40 years even if they are still operative. This is 
negative for both the society and the environment and includes unnecessary 
costs for the DSOs. Persson J (2016), Lindberg (2016), and Wennerholm 
(2016) argued that it is important that depreciation time is included in the 
cost of capital since it brings incentives to invest in the network, but it is 
essential to include other parameters that consider the intelligence in the 
network as well as maintenance. A benefit of IT/OT integration is that the 
lifetime of components can increase as they are managed and used more 
efficient. Today, the incentives to invest in technology that enables a longer 
lifetime of 40 years are absent. Thus, Persson J (2016) argued that the 
revenue cap does not bring incentives for IT/OT integration.  
 
According to the theory of STS, this phenomenon can be perceived as an 
imbalance between components in the system where goals of DSOs and Ei’s 
pricing model contradict each other. The objective of DSOs is to distribute 
electricity and satisfy customers (Persson J, 2016). Unnecessary investments 
such as digging up and change lines during their lifetime, do not favor the 
electricity consumers or other stakeholders in the electricity system. Ei’s 
pricing model can be seen as an altered component that changes the rule of 
the game and creates imbalance between the system’s elements. However, 
Lindersson & Öhlund (2016) said that parameters included in the revenue cap 
continuously are improved. Based on the empirical findings, combined with 
the analysis related to this inhibitor, components in the pricing model do 
prevent IT/OT integration in the Swedish electricity grid system. If 
maintenance and intelligence in the grid would be taken into account in the 
revenue cap, the inhibitor could be solved and work in harmony with rest of 
the components in the system. Similarly, if quality of delivered electricity and 
how effective the network is utilized could influence the revenue cap with 
more than 5%, incentives for IT/OT integration would increase.  
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Low Electricity Price and Fluctuations 

The final inhibitor that has been identified is the low electricity price and its 
fluctuations in the Swedish electricity industry. IT/OT integration would 
make it possible for electricity users to get more information regarding 
electricity price and their own usage of electricity. With more information, 
electricity users can for example actively choose to use the washing machine 
when the electricity price is low, enabling savings by decreasing their 
electricity bill (Karlsson, 2016). However, Wennerholm (2016) argued that the 
low electricity price, together with low fluctuation, gives low financial 
incentives for electricity users to change their demand, as there is only limited 
savings. 
 
However, an event that could increase the fluctuations in the grid and the 
electricity price is a nuclear phase-out in Sweden. More renewable energy 
sources could potentially be implemented to replace energy from nuclear, 
which would result in more fluctuations in energy supply. Expensive energy 
sources would still be necessary to handle peak demands. The electricity price 
could therefore increase as nuclear; no longer would be an option. In 2011, 
Germany started to phase-out their nuclear energy, which has resulted in 
German households paying double as much as French ones for electricity 
(World Nuclear Association, 2016). Similar scenario is likely to occur in 
Sweden and would therefore give more incentives for electricity users to 
change and control their demand making IT/OT integration more urgent. 
 
Hughes (1987) discusses that the development of LTS is mainly due to actions 
of “system builders” that solve critical problems. However, the low electricity 
price and its fluctuations in the Swedish grid make IT/OT integration less 
critical. However, drivers such as more micro production in the Swedish grid 
indicate that prices could increase in the future. The inhibitor of low 
electricity price and fluctuations are therefore likely to be resolved with the 
increase of micro production, thus, making IT/OT integration more urgent.  
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5.2 Organizational Factors 
 
This section answers both the second and third sub-RQs: Which factors are of 
importance for identifying the rate of adoption? and How does the rate of 
adoption vary across different customer segments?  
 
The section will first present the general agreements and disagreements 
among DSOs. The second part of this section will present the main adoption 
rate factor categories, answering the second RQ. This section will also 
illustrate how identified customer segment vary within each factor category, 
answering the third RQ. Finally, the section presents the differences between 
the customer segments and discusses why the adopting rate differ between 
them. 
 

5.2.1 General Agreements and Disagreements 
This section will present the most important agreements and disagreement 
among DSOs that have been identified through the interviews. Clarifying 
these agreements and disagreements is a first step knowing, which questions 
that need to be solved and what approach suppliers should have towards 
DSOs.  
 
The agreements and disagreements have been identified and arranged based 
upon the process of an innovation and its adoption to illustrate the 
similarities and differences of opinions in each step. The first two steps – 
Drivers and Inhibitors are based upon Rogers (2003) innovation attributes 
PAI, where attributes such as relative advantage and complexity are being 
discussed. The last step – Adoption refers to the organizational factors 
presented in the literature review where Rogers (2003) adoption curve is 
discussed and the aspect of company size presented by (Mytinger, 1968). 
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Figure 8. Agreements and disagreements  

 
In the first step in Figure 8, Drivers, one of the agreements, is the increased 
micro production, which is discussed more in section 5.1.2 – Drivers. The 
main disagreement is however; if IT/OT integration is necessary to handle 
future challenges regarding increased fluctuations in supply and demand in 
the grid. Håkansson (2016) stated that it is less expensive to invest in new, 
larger components than expensive IT to handle future electricity demand. 
However, Staffansson (2016) stated that IT/OT integration is of great 
importance to handle the changed demand and supply, and only invest in 
larger components is not a sustainable solution. There are many potential 
solutions to handle the future fluctuations in the grid, for example batteries 
(Dicya K.C & Ostergaard J, 2008). However, there are still uncertainties 
regarding these solutions as well as IT/OT integration, which explain the high 
degree of disagreements regarding if IT/OT integration is necessary to handle 
future challenges. 
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Another disagreement regarding driver is the importance of geographical size 
of a DSO. Early in the study, size of geography was identified as a driver that 
could influence the adoption. However, as the study moved forward and more 
interviews were analyzed, the importance of this factor decreased. The driver 
is though introduced as a finding but it is not a key driver as the two 
different opinions from empirical interviews contradict each other. 
Geographical size can have an influence in the adoption rate of a DSO as  
 
Companies with large geographical area have longer distances in their grid. 
Therefore, the repair crew needs to drive a further distance when a failure 
occurs, which results in higher operating costs (Håkansson, 2016; Karlsson 
2016). Those that believe that large geographical area is a driver stated that 
they might have more incentives for IT/OT integration and therefore adopt in 
earlier than others. However, IT/OT integration is still connected with high 
uncertainty, which will make a larger geographical area lead to more risk and 
complexity when adopting as it correlates with a larger investment. 
(Andersson K 2016). Roos (2016) argues that complexity is one of the main 
innovation factors and large geographical area might be a disadvantage as it 
implies a higher complexity and is therefore not a driver for IT/OT 
integration.  
 
The second step of Figure 8, Inhibitors can be linked to Rogers (2003) 
attribute – complexity. DSOs find it difficult to determine the economic 
benefits of IT/OT integration, which explains the complexity of the 
innovation. Section 5.4 – Transformation of the Electricity Grid System 
describes the complexity of the innovation further, since multiple end-states 
are possible. Further, the results show high level of agreement regarding that 
IT security is important but high level of disagreement if IT security can be 
resolved. For example Sjöström, M. (2016) stated, that high IT security is of 
great importance as failure or losing control of the system has large affect for 
the whole society. However, Sjöström, M. (2016) believed that it is possible to 
secure the installed IT and eliminate the threat of hackers, while Håkansson 
(2016), was more skeptical toward implementing IT since it is to high risk.  
 
The final step of Figure 8 show that all DSOs agree that the medium-sized 
DSOs will be the first to integrate IT/OT, thus represents the first two steps 
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of Rogers (2003) adoption curve - Innovators and Early Adopters. The result 
can further be explained with the influence of company size discussed by both 
Mytinger (1968) and Henderson and Clark (1990). Mytinger (1968) who 
argues that company size often correlates with access to resources and thereby 
company’s innovativeness. Henderson and Clark (1990) however argued that a 
larger company could lead to higher bureaucracy making the adopting pace 
slower. Combining these two opinions would result that medium-sized 
companies are most likely to adopt early, which also was an agreement among 
DSOs.  
 
Another agreement among DSOs within the last step in Figure 8, is that there 
is no supplier that deliver a full IT/OT solution (Köhler, 2016; Wennerholm, 
2016; Örning, 2016). However, there are many disagreements how this 
solution might take form in reality and what systems that should be 
integrated. The DSOs agree that IT/OT integration can be of great value as 
operation can be handled more efficient and IT/OT solutions can add more 
customer value. 
 

5.2.2 Identified Customer Segments  
This section will first present the identified customer segments, their 
characteristics and answer of the third sub-RQ: How does the rate of adoption 
vary across different customer segments? 
 
During the interviews with DSOs, specific characteristics of the companies 
were identified. These characteristics were used to define the different 
customer segments and how the rate of adoption differs between them. As 
mentioned, Rogers (2003) classified adopters into different categories. In each 
adoption category, companies are similar in terms of their needs and reactions 
to new innovations. Rogers’ (2003) model has a weakness since it does not in 
detail take other factors into account. Among others, Mansfield (1963) argues 
that the company size is an important factor to predict a company’s 
innovativeness because it is easy to observe (Mohr, 1969; Haller and 
Siedschlag, 2011). Thus, in this analysis company size was applied together 
with Rogers’ (2003) model to define customer segments, and gain an 
understanding regarding how the adoption rate differs among the DSOs. 
Roger’s (2003) model was simplified in this analysis. Instead of using five 
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categories, three were distinguished in the interviews and they are in this 
study called: “first-movers”, “followers”, and “wait & watch players”.  DSOs in 
these three adoption categories have similar innovativeness, and they perceive 
the same relative advantages, as well is if the inhibitors can be overcome or 
not. Thus, their rate of adoption is predicted to be similar. As mentioned, 
DSOs in Sweden can be divided into three different segments based on their 
revenue: Large, Medium, and Small. Figure 9, illustrates the identified 
customer segments that are based on a simplification of Rogers’ (2003) 
adoption model and size of the DSO.  
 
 

Figure 9. Interviewed DSOs classified into four customer segments 

 
Medium First-Movers  

These are DSOs that during 2012-2015 had revenues between 400 – 20 000 
million SEK. According to the respondents in this segment, they all have 
identified several benefits with IT/OT integration and they understand the 
need to change. Lindberg (2016) said that they have changed the organization 
in order to meet future challenges and trends. He stated,   
 

“Micro production and more renewable sources will increase in the near 
future, which will make IT/OT integration more urgent”  

 
This statement received support by Köhler (2016), as well as other 
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Johansson S (2016) claimed, which was confirmed by Persson J (2016), that  
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“Customers will in a near future demand more real-time information, 
which we can’t provide with existing systems”  
 
These DSOs have in common that they have planned for a high level of 
IT/OT integration in the near future, which is illustrated in Figure 11. The 
planned integration is both for a higher degree of distribution intelligence and 
for operations. Given the empirical findings, DSOs in this customer segment 
strive to be innovative and stay in front of the market. Persson J (2016) said 
that they have a strategic innovation program. It allows inventors and 
entrepreneurs to test their ideas and new technologies in their networks. This 
program has resulted in 15 pilot projects. (Persson J, 2016). 
   
Another essential characteristic that these DSOs have in common is that they 
have a rapid organizational change. Roos (2016) and Wennerholm (2016) 
mentioned they invest to improve organizational learning and make 
implementation processes more rapid. The literature states that companies 
cannot be innovate if they do not have capabilities to make use of their 
learning and implement the innovation successfully (Hussein and Mourad, 
2004). Further characteristic that Medium first-movers have in common is 
that they invest in human capital such as employee trainings, thus they have 
a highly skilled workforce. According to Roos (2016) and Örning (2016), the 
required skills for IT/OT integration exist in their company. Among other, 
Nelson and Phelps (1966) argues that a highly educated workforce facilitates 
an early adoption of new technology. (Hussein and Mourad, 2014; Bartel and 
Lichtenberg, 1987; Chun, 2003). They also found evidence that organizational 
learning and top management support is positive correlated to rate of 
adoption. A majority of the respondents in this customer segment claimed 
that they cooperate with other DSOs to become more innovative. 
(Wennerholm, 2016; Köhler, 2016; Örning, 2016; Persson J, 2016). For 
example, Umeå Energi is part of El-i-norr, which is a cooperation that consists 
of 11 DSOs (Elinorr, 2016). The DSOs within this cooperation are sharing 
ideas as well as working together during procurement processes. By 
purchasing new systems together, they become more attractive to suppliers 
than if they would have purchased the systems by them self. Mälarenergi even 
cooperates with companies in other industries such as telecommunication 
industry to become more innovative (Persson J, 2016). In general, DSOs in 
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this customer segment have access to resources as capital and knowledge, 
which is essential for successfully implementing an innovation.  
 
In sum, the identified characteristics of these DSOs are: innovative companies; 
rapid organizational change; invests in human capital; skilled workforce; and 
access to resources. The literature confirms that these characteristics will 
enhance the rate of adoption of new technology (Hussein and Mourad, 2014; 
Nelson and Phelps, 1966; Bartel and Lichtenberg, 1987; Chun, 2003). 
Therefore, this customer segment is expected to have the most rapid rate of 
adoption compared to other DSOs.  
 
Large First-Movers 

Large first-movers are DSOs that had a revenue over 20 000 million SEK 
during 2012-2015. In Sweden, only three DSOs of this size exist. These DSOs 
have some characteristics that are similar to medium first-movers. Clasen 
(2016), Staffansson (2016), and Hansson (2016) said that their companies are 
being innovative by investing highly various innovation projects. Clasen 
(2016) stated that they have access to both capital and a skilled workforce, 
which also was mentioned by Hansson (2016). They also understand the need 
to change. Staffansson (2016) stated that due to digitalization, customers 
become more discerning, and they expect real-time information regarding 
power outages. However, a difference between large and medium first-movers 
is that large first-movers have a higher bureaucracy. Clasen (2016), 
Staffansson (2016), and Hansson (2016), argued that implementation of 
innovations are time-consuming. According to the literature, high level of 
bureaucracy will likely decrease the rate of adoption (Henderson and Clark, 
1990). E.ON and Ellevio are two of the top three largest DSOs in Sweden and 
the sizes of their networks are much larger compared to other DSOs. 
Henderson and Clark (1990) found evidence pointing to that companies with 
large networks might have more difficult to innovate since it can be very 
expensive to convert the entire network, which was confirmed by both Clasen 
(2016) and Hansson (2016).  
 
The identified characteristics of large first-movers are similar to Medium first-
movers and are following: innovative companies; invests in human capital; 
skilled workforce; access to resources; high bureaucracy; and large networks. 
The first four characteristics will according to the literature increase the rate 
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of adoption (Hussein and Mourad, 2014; Nelson and Phelps, 1966; Bartel and 
Lichtenberg, 1987; Chun, 2003). However, high bureaucracy and large 
networks reduce the rate of adoption according to Henderson and Clark 
(1990). Thus, large first-movers will have a slower rate of adoption than 
Medium first-movers.    
 
Medium Followers 

These DSOs had same revenue range as medium first-movers, 400 – 20 000 
million SEK. However, during the interviews several diverging characteristics 
were identified between these customer segments. In general, the network of 
Medium followers covers a smaller geographical area than first-movers. 
Håkansson (2016) argued that if an error occurs, than a repair crew could fast 
drive to the problem area and solve the issue, which also was confirmed by 
Persson L (2016) and Johansson P (2016). Thus, Persson L and Johansson P 
stated that DSOs with networks that cover a large geographical area have 
more incentive to integrate IT/OT.  
 
An identified characteristic among these DSOs is that a majority believes that 
the IT security risk is greater than the potential benefits (Håkansson, 2016; 
Savetun, 2016; Wemming, 2016; Hällström, 2016). According to the literature, 
relative advantage is the degree to which an innovation is perceived as better 
compared to what it supersedes (Rogers, 2003). As DSOs in this customer 
segment believe that the risk is greater than the benefits, the relative 
advantage is low which indicate that the rate of adoption will be slow. 
Another characteristic is the knowledge level regarding IT/OT integration. 
Among others, Persson L (2016) stated they would need to recruit people with 
new skills and knowledge if they would integrate IT/OT (Johansson P, 2016; 
Hällström, 2016). The literature states that if an innovation requires new 
skills, and it is time-consuming and expensive to acquire the new competence, 
the rate of adoption will decrease (Rosenberg, 1973). During the interviews 
with DSOs in this customer segment, a majority of the respondents claimed 
that they are cost efficiency-driven rather than innovation-driven (Persson L, 
2016; Håkansson, 2016; Savetun, 2016; Wemming, 2016; Johansson P, 2016), 
which reduce the desire to implement new innovation.     
 
In sum, the identified characteristics of this customer segment are: low 
relative advantage; low knowledge level regarding IT/OT; and cost-efficiency-
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driven. Since these characteristics, according to the literature, are negatively 
correlated to rate of adoption, Medium followers are expected to implement 
IT/OT integration after medium and large first-movers.   
 
Small Wait and Watch Players 

Small wait and watch players are DSOs that during 2012-2015 had revenues 
between 0 – 400 million SEK. According to the two respondents in this 
segment, both have no or low intention to integrate IT/OT in the near future. 
The reason is that they have limited resources in both capital and knowledge. 
Karlsson (2016) and Paulsson (2016) stated that they also have limitations in 
investments since business areas such as district heating and broadband are 
part of the same investment budget. According to Karlsson (2016), which is 
confirmed by Paulsson (2016), the relative advantage of the innovation is 
unclear since their network covers small geographical areas. With a stabile 
demand and supply in the electricity system, neither believes the benefits are 
greater than the risks. Both respondents stated that they are cost efficiency-
driven, rather than innovation driven. They intend to wait with the 
integration until regulations demand it. (Karlsson, 2016; Paulsson, 2016) 
 
This customer segment will have the slowest rate of adoption, due to that all 
of the identified characteristics are negatively correlated to rate of adoption. 
The characteristics are: low relative advantage; low access to resources; and 
cost efficiency-driven. What distinguish them from medium followers is that 
they have less than 10 000 customers, while medium followers have between 
15 000 - 70 000. This indicate that small wait and watch players geographical 
area is even smaller than medium followers, thus, the relative advantage is 
even lower.   
 

5.2.3 Main Adoption Rate Factor Categories 
This section will present the six main adoption factors categories that have 
been used to classify the adoption rate for each DSO and customer segment. 
The section will therefore answer the second sub-RQ: Which factors are of 
importance for identifying the rate of adoption? The section will also present 
how each identified customer segment varies within each factor category, 
answering the third sub-RQ: How does the rate of adoption vary across 
different customer segments?  
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The factors have been identified and formed based on the organizational 
factors presented in the literature review as well as the interviews from the 
pre-study. The figure below presents the six factor categories and the 
characteristics of low/high performance in each category. 
 
 

 
Figure 10. Main adoption rate factor categories  

 
Primary motivation of innovation, refers to two aspects: cost efficient vision 
versus transformative vision, and innovativeness. This factor category is 
connected to Rogers (2003) Adoption curve.  
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be connected to Rogers (2003) PAI, and more specifically the attribute of 
relative advantage. If DSOs have high perceived attributes of the innovation, 
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the SCADA or/and if low voltage remote controlled stations should be 
implemented or not. The factor is of interest as it shows what DSOs are 
planning with IT/OT integration. The factor category was formed based upon 
Rogers (2003) PAI as there were different opinions regarding the complexity 
of the innovation.  
 
Current technical maturity, is similar to the previous category as it refers to 
the extent of IT/OT integration but instead refers the current technical 
maturity. Clarifying the current state of how different system are integrated 
can give an implication how fast an adoption of a more full-scale solution of 
IT/OT integration can appear. This category can be connected to Rosenberg’s 
(1972) theory regarding employee knowledge and adoption rate. Rosenberg 
(1972) states that if an organization already possesses the required skills for 
the innovation the rate of adoption will increase.  
 
Business transformation speed, refers to several aspects. It measures the level 
of available knowledge in the organization as well as the organizational 
structure and if the company is actively searching for new solutions and ideas. 
The factor is based upon the findings of Hussein and Mourad (2014). They 
found evidence that high degree of employee knowledge, organizational 
learning and top management support are linked to a higher rate of 
technology adoption.  
 
Investment strategy, includes the access to capital investment as well as if 
there are any other business areas in the company competing for resources. 
This factor category has been formed based upon the theories of company size 
and the influence of resource access as both Mytinger (1968) and Henderson 
and Clark (1990) argues is an important aspect when analyzing adoption rate.  
 
Main adoption rate for each customer segment 
The figure below illustrates the performance for each customer segment in the 
six described factor categories. The empirical findings together with the 
analysis show that medium-sized first movers outperform the other customer 
segments in all six categories, indicating they will have a higher adoption rate. 
A key take away that can be of interest when analyzing the result is the 
differences in planned level of integration, where the customer segments – 
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Small wait & watch players perform significantly lower than other customer 
segments. DSOs in this segment have relative small networks, both in 
geographical size and revenue, therefore less incentive for IT/OT integration 
(Karlsson 2016; Paulsson, 2016). Another interesting finding is how the 
performance in category Business transformation speed varies between 
Medium-sized first movers and Large customers. For example Staffansson 
(2016) stated that implementing new technologies and innovations can be 
more complex and more difficult in large organizations compared to medium-
sized firms. The outcome of this result can also be explained with Henderson 
and Clark (1990) theory of how company size correlates with a higher degree 
of bureaucracy, limiting the business transformation speed. A final key take 
away from this analysis is the high performance of all customer segments in 
category, Investment strategy. The capital investment availability is based 
upon the pricing model revenue cap described in section 5.1.3 Inhibitors and 
Potential Solutions, which refers to future investment and thereby making 
capital available for future investments.  
 

 
Figure 11 – Main adoption rate factor categories with DSOs 
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5.3 Environmental Factors  
 
The last category identified in previous innovation adoption literature is 
Environmental factors. Environmental factors affect all potential adopters in 
the same way and differences between different customer segments are 
therefore neglected. This section is therefore further answers to the second 
sub-RQ: Which factors are of importance for identifying the rate of adoption? 
 
Hall and Khan (2003) argued that environmental factors such as regulations 
could have a powerful effect on the rate of adoption. The Swedish electricity 
system is affected by regulations at both a national and European level. Ei’s 
pricing model is a Swedish regulation that affects the adoption rate of IT/OT 
integration, which is further, discussed in section 5.1.3 Inhibitors and 
potential solutions. Wennerholm (2016) and Köhler (2016) mentioned that 
strategy and regulations established by EU impact the Swedish electricity 
industry. Further they described the European Network Codes that are a set 
of rules established to achieve the EU’s 20-20-20 energy objectives. One of the 
key targets in EU’s 2020 strategy is to ensure that 20% of EU energy is 
produced by renewable sources in year 2020. This target will result in an 
increase of renewable sources in EU countries. As discussed earlier, if 
renewable sources and micro production increase, the adoption rate of IT/OT 
integration will become more rapid. Existing network codes only apply to 
TSOs. However, Andersson L (2016) and Andersson K (2016) claimed that 
there are discussions that network codes will be developed for DSOs as well. 
Andersson K (2016) believed that DSOs in the future will be more responsible 
for balance in the grid. With more micro production, it is essential to optimize 
the balance in order to secure electricity supply. However, if network codes 
are developed for DSOs, their effect on the adoption rate will depend on the 
mechanism chosen by EU and based on EU increase the urgency of IT/OT 
integration or not.  
 

5.4 Transformation of the Electricity Grid System 
IT/OT integration is a complex innovation as the end-state opportunities are 
many and each adopter can create their own solution to what extent IT/OT 
are integrated. End-state is refers to the final state of the innovation and the 
planned level of IT/OT integration among DSOs.  
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FIGURE XXXX 

 
IT/OT integration can appear in multiple forms. It is therefore difficult to 
describe and illustrate all different solutions. The analysis based on interviews 
with DSOs, indicated the existence of four possible end-states for IT/OT 
integration. The end-states are illustrated in Figure 8, where the x-axis refers 
to what extent IT/OT are integrated in operations, while the y-axis refers to 
what extent IT/OT are integrated for data intelligence.  
 

 
Figure 8. Possible end-states for IT/OT integration 
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-‐ End-state B – Distribution intelligence, DSO has IT/OT integration 
but with limited information available from and to customers. For 
example, DSO cannot pinpoint power outages on specific households. 
However, DSO has majority of substation remote controlled on both 
medium and low voltage levels in grid. Thus, operators can easily 
reroute electricity in a matter of seconds.  
 

-‐ End-state C – Data automation, DSO has information of customer 
usage and gives customers’ automatic information of, example power 
outages. DSO has limited remote controlled substations, restricted only 
to the medium voltage level in grid. 
 

-‐ End-state D – Partly self-healing grid, DSO has information of 
customer usage and gives customers’ automatic information. There is a 
two-way communication between DSO and customer. DSO has 
majority of substation remote controlled on both medium and low 
voltage level in grid. Operators can easily reroute electricity in the 
network.  

 
Based on the conducted interviews, each DSO has been placed in one of the 
four end-states to identify current technological maturity. The second step of 
the analysis has identified the potential and future movement of DSOs 
between different end-states. This has been done to understand potential 
transformations of the electricity grid system. This data was collected through 
the interviews with DSOs by asking about their planned level of IT/OT 
integration in the near future. The near future might mean different years 
among the respondents. However, to reduce the complexity, exact years were 
avoided during the interviews. The analysis shows a movement where 
majority of the DSOs end up in state B, C and D, illustrated in Figure 9.  
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Figure 9. Current state and future state of DSOs 

 
Inhibitors presented in section 5.1.3 – Inhibitors and potential solutions, were 
discussed during the interviews. The illustrated movement in Figure 9, is very 
dependent on what the respondent expect will happen with those inhibitors. 
For example Staffansson (2016) stated: 
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a larger extent of IT/OT integration”  

 
The opinion of how, and if it is possible to overcome IT security is therefore 
more important in the end-state analysis rather than that the DSO has 
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data intelligence, while fewer plan for IT/OT integration for operations. 
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successful, represent the potential industry standard pushing the other DSOs 
to the chosen end-state. Though, this aspect would influence the result of the 
end-state analysis. Even though those factors are excluded, the analysis gives 
an understanding where the DSOs aim to be in the near future. 
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6 Ericsson’s Window of Opportunity 
 

In this chapter, three areas of opportunity for Ericsson are presented and 
discussed, followed by identified target customer segment and alternative 
markets. 
 
This chapter will answer the main RQ: What is Ericsson´s window of 
opportunity to enter the Swedish electricity grid industry? The study has 
identified three windows of opportunities for Ericsson based on interviews 
with DSOs and experts at Ericsson.  
 
(1) More renewable sources, micro production as well as connected homes 
through next generation smart meters, will result in a transformation of the 
electricity systems. Existing grids have evolved over a long time and they are 
not designed to handle these trends. To enable these trends, the network 
needs to accommodate more decentralized generation sources, and operators 
must process and analyze a larger amount of data. The electricity grids are 
expected to transform from less linear energy systems into networks with a 
multitude of market participants. Thus, the grids simply become too complex 
to handle without large-scale data analysis (Johansson S-O, 2016). Staffansson 
(2016) mentioned that big data is expected to provide huge business value to 
the electricity systems, both within customer experience and efficiency. 
Ericsson can offer DSOs solutions that both build intelligence into legacy 
infrastructures, and handle the increase amount of data. 
  
(2) Given the empirical findings, some DSOs are planning for IT/OT 
integration in the near future. However, Köhler (2016) claimed,  
 

“There is no supplier that offer a full-integrated IT/OT solution”  
 
This statement was supported by several other DSOs that are planning for 
the integration (Wennerholm, 2016; Örning, 2016; Andersson K, 2016). Due to 
the lack of supplier, some DSOs have begun to cooperate with their SCADA 
suppliers to make IT and OT compatible. However, Lindholm (2016) stated 
that many SCADA suppliers possess deep knowledge regarding their SCADA 
system but lack knowledge of the integration between IT and OT, and the 
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value it can bring for the grid owner and its customers. This creates a window 
of opportunity for Ericsson. Ericsson has experience in integrating systems, 
but lacks knowledge regarding development of SCADA systems (Andersson L, 
2016). Ericsson could cooperate with a SCADA supplier and deliver a solution 
that makes IT and OT compatible.  
 
(3) Staffansson (2016) discussed that few DSOs have successfully automated 
their communication toward their customers. Hansson (2016) further 
explained that this is mainly due to that the capacity in the low voltage grids 
is too low. Many DSOs are using GPRS technology in the low voltage grids, 
but more automated communication system requires better capacity like 3G 
or 4G. This technology is something that Ericsson can provide.   
 
The telecom industry was an early adopter of big data. Thus, Ericsson has 
years of experience and a lot of knowledge regarding big data analyzes 
(Andersson L, 2016). It is natural for DSOs to use the knowledge and 
solutions from the telecom industry to leapfrog into a more data-driven 
approach to business. This creates another opportunity for Ericsson to enter 
the electricity market. Wennerholm (2016) stated that next generation smart 
meters, will generate a large amount of data, which the operators must 
process and base their decisions upon. A majority of the interviewees’ request 
tools and solutions that automatically could collect, extract and analyze the 
data from the smart meters (Roos, 2016; Persson J, 2016; Wennerholm, 2016; 
Clasen, 2016). Further, Lindholm (2016) claimed that to manage a complex 
grid, it is critical to know what data to use and when. Ericsson has 
knowledge, experience, and tools in place to build big data solutions. Ericsson 
is an end-to-end system integrator, and combines expertise on business and 
technology challenges (Ericsson, 2015b).  
 
The next step is to determine which customer segment that Ericsson should 
target when entering the electricity industry. Medium first-movers have 
defined roadmaps and a high level of planned IT/OT integrating. The analysis 
indicated that these DSOs are expected to have the most rapid rate of 
adoption. Thus, this customer segment should be Ericsson’s main target. The 
analysis determined that these DSOs in general are more innovative compared 
to other customer segments. Further, the analysis indicated that their 
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willingness to take risks is higher than other DSOs. Since Ericsson is a new 
player in the electricity industry, it is important to target customers that are 
willing to take the risk to work with them. However, it must be profitable for 
Ericsson to enter the electricity market. According to Hedström (2016), these 
technology solutions are expensive to develop and it is important to gain a 
large scale to make it profitable. Thus, Ericsson should target Medium first-
movers that are involved in partnerships like El-i-Norr.  
 
The identified inhibitors are preventing IT/OT integration, while the drivers 
favor the implementation. Among others, Lindholm (2016) questioned why 
Ericsson wanted to enter the Swedish market since the drivers are greater, 
and inhibitors smaller in other countries (Staffansson, 2016; Wennerholm, 
2016). A country that was mentioned repeatedly during the interviews was 
Germany. Germany has already started to phase-out their nuclear energy, 
which has resulted in an increase of micro production (Wennerholm, 2016). 
Many of the respondents claimed that micro production in Sweden will 
increase, however, they do not know to which extent and when it will happen 
(Roos, 2016; Wemming, 2016; Håkansson, 2016). As mentioned, the electricity 
price in Sweden is low which decrease the incentives for customers to change 
their electricity behavior since savings are limited (Hem, 2016; Wennerholm, 
2016; Lindholm, 2016). In countries with higher electricity price, customers 
are more inclined to change their behavior since greater savings are possible. 
Since Ericsson is a global company, a country with more drivers and less 
inhibitors would be a better market to enter. Then, when Ericsson is an 
established player it will be easier to expand to other countries, like Sweden.  
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7 Conclusion 
 

In the final chapter conclusions are presented and linked to the purpose of the 
study. The chapter also discuss limitations, sustainability and future research. 
 

7.1 Connection to Research Questions 
 
This section will first brief - why there is an urgency of IT/OT integration in 
the Swedish electricity grid system and Ericsson´s strategy regarding IT/OT 
integration. The section will then present the conclusions for each sub-RQ 
from the empirical results and analysis and finally present the conclusions to 
the main RQ.  
 
Electricity is one of society’s most important resources. Without it, entire 
modern industrial, economic and social, systems would not function. The 
electricity industry is facing challenges like climate change, resource scarcity, 
and empowerment of consumers. In order to meet some of these trends, the 
electricity system needs to transform. This transformation will have a 
significant impact on electricity network control and design. The networks 
must accommodate more decentralized generation sources i.e. micro 
production, which have fluctuating generation patterns. To meet the future 
challenges, smart grids are being developed. A smart grid implies integration 
of IT and OT, which allows the network operator to react in real-time to 
fluctuating generation patterns. However, the electricity network is a LTS, 
which means that when the infrastructure is established and has reached a 
momentum, it is very difficult and costly to transform.  
 
Ericsson’s strategy is to develop new areas into value creating businesses, and 
one of these areas is to enter the electricity industry. They see a great 
business opportunity when DSO integrates their IT and OT systems, since 
they have a lot of experience in communication and knowledge within 
integrating systems. However, a majority of all market entries fail. Since 
Ericsson is a new player in the electricity industry, the entry timing is crucial 
to make a successful market entry and gain market shares. Drivers, threats, 
regulations, competitors, and customer segments differ in the utility industry. 
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For Ericsson to successfully enter the electricity market, it is critical to 
investigate these factors as well as identifying their window of opportunity to 
make the right decision regarding time to enter. Three sub-RQs have been 
investigated and answered in this study in order to answer the main RQ and 
find Ericsson’s window of opportunity within the electricity industry.  
 
First sub-RQ: Which are the drivers and inhibitors in the Swedish electricity 
grid system that favor/prevent IT/OT integration? 
 
For an innovation to be adopted, it is important that there are benefits and 
drivers that favor the innovation, simultaneously as the inhibitors can be 
overcome. Several benefits of IT/OT integration and drivers were identified 
through the conducted interviews with DSOs. One of the main benefits is the 
increased amount of information and intelligent data that IT/OT integration 
provides, which enable grids to be operated more efficiently. The driver that 
was mentioned by a majority of the respondents is the increased amount of 
energy from renewable sources and micro production. If renewable sources 
increase, the incentives to integrate IT/OT enhance correspondently. Several 
inhibitors for IT/OT integration in the Swedish electricity grid system were 
identified through the interviews. Given the empirical findings, IT security is 
one of the most crucial inhibitor that prevents IT/OT integration. The OT 
system, SCADA is vital for the distribution of electricity, which itself is 
essential for societies. The security is therefore crucial as cyber-attacks have 
large consequences for the entire society. Another identified inhibitor is 
company culture of DSOs. A social momentum is created due to employees’ 
unwillingness to change, which makes it difficult to adopt new innovations. 
Ei’s regulated pricing model is another identified inhibitor. It is an imbalance 
between components in the system where goals of DSOs and EI’s pricing 
model contradict each other. The objective of DSOs is to distribute electricity 
and satisfy their customers, while the pricing model may cause unnecessary 
investments. The last inhibitor that was identified is low electricity price and 
fluctuations in the Swedish electricity industry. IT/OT integration enables 
electricity customers to get information and control their electricity 
consumption. This would for example, enable them to actively choose to use 
their washing machine when the electricity price is low, which will save them 
money.   
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According to some of the respondents, these inhibitors can be solved and 
developed to function harmonically with the more advanced components in 
the system. For example, a DSO can recruit enthusiasts that lead and inspire 
others to change, which will resolve the company culture problem. In general, 
more benefits and drivers were identified than inhibitors. Thus, an adoption of 
IT/OT integration among DSOs seems favorable. However, based on the 
conducted interviews, it was identified that the drivers are greater and 
inhibitors smaller in other countries than Sweden. In countries with higher 
electricity price, customers are more inclined to change their behavior since 
greater savings are possible. The incentives for DSOs to implement IT/OT 
integration are more superior in countries with large share of renewable 
sources and micro production, like Germany. Since Ericsson is a global 
company, a country with greater drivers and fewer inhibitors would be a 
better market to enter. Then, when Ericsson is an established player it will be 
easier to expand to other countries, like Sweden. 
 
Second sub-RQ: Which factors are of importance for identifying the speed of 
adoption? 
 
To analyze the rate of adoption of IT/OT integration, important factors have 
been identified. The innovation has been described for the potential adopters, 
DSOs, which later has been evaluated based on these factors. The key factor 
categories can be concluded to: Primary motivation of innovation, Perceived 
attributes of innovation, Planned level of integration, Current technical 
maturity, Business transformations speed and Investment strategy. The 
factors indicated differences between the potential adopters and they also 
made it possible to identify different customer segments that Ericsson can 
target when entering the electricity industry.  
 
Third sub-RQ: How does the rate of adoption vary across different customer 
segments?  
 
During the interviews with DSOs, specific characteristics were identified, 
which were used to define customer segments. The empirical findings 
indicated that the predicted rate of adoption will vary across different 
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customer segments. Since Ericsson is a new player in the electricity industry, 
it is important to target customers that are willing to take the risk to work 
with them. According to the analysis, medium first-movers are expected to 
have the most rapid rate of adoption. These DSOs are innovative, have 
defined roadmaps, a high level of planned IT/OT integration, and their risk 
willingness is higher relative other customer segments. Thus, this customer 
segment should be Ericsson’s main customer target segment. This customer 
segment outperforms the other segments in all factor categories presented 
above. Other segments that can be of interest are large DSOs. However, this 
segment tends to have a lower adoption rate due to larger organizations 
creating less performance in the factor category, Business transformation 
speed. The technology solutions that enable IT/OT integration are expensive 
to develop, and it is important for Ericsson to gain a large scale to make the 
business profitable. Thus, Ericsson should target medium first-movers that are 
involved in partnerships, like El-i-Norr.   
 
Main RQ: What is Ericsson´s window of opportunity to enter the Swedish 
electricity grid industry? 
 
Three windows of opportunities for Ericsson have been identified through this 
study. The first one is to deliver a full-integrated IT/OT solution. According 
to respondents, today there is no supplier that offers a full-integrated IT/OT 
solution. Ericsson has a lot of knowledge in integrating systems, but lack 
expertise regarding development of OT systems. They should therefore 
cooperate with OT suppliers and deliver a solution that makes IT and OT 
compatible, which enable integration. The second opportunity for Ericsson to 
enter the electricity industry is to provide DSOs with technology with higher 
capacity for their communications systems. A majority of the interviewed 
DSOs request automated two-way-communication to their customers. Few 
DSOs have succeeded and it is mainly due to that the capacity in the low 
voltage grids is too low. Many DSOs are using GPRS technology, but 
automated communication systems require better capacity like 4G, which 
Ericsson can provide. The last identified opportunity for Ericsson is regarding 
big data analyzes. The telecommunication industry was an early adapter of 
big data analyses and Ericsson has knowledge, experience, and tools in place 
to build big data solutions. To manage a more complex electricity grid, it is 
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critical to know what data to use and when. Many of the interviewed DSOs 
request tools and solutions that automatically can collect, extract and analyze 
data from the grids. Ericsson is an end-to-end system integrator, who can 
enable DSOs to integrate IT/OT in their grids.    
 
 

7.2 Limitations, Sustainability and Future Research 
 
The final section presents conclusions regarding limitations and sustainability 
of the study. Further, possible future research will be discussed based upon 
the study.  
 
Analyzing the adoption rate of an innovation can be done thru several 
approaches. However, the innovation of IT/OT integration is only in its early 
phase making it difficult to find examples where the innovation is already 
implemented. A limitation is therefore that an approach where the 
innovations early implementation phase, is studied is not applicable. Making 
similar research in a later stage could therefore give an interesting point of 
view together with the results of this study.  
 
The study covers all three dimension of sustainability; economical, 
environmental and social. IT/OT integration would enable longer lifetime of 
components in the electricity grid system, reducing both the economical- and 
environmental stress. IT/OT integration would also help DSO to secure the 
future electricity supply and its distribution to consumers. Today’s society are 
dependent on electricity supply, securing the distribution of the electricity is 
therefore of high value. Thus, it also covers the social aspect of sustainability.  
 
As this study is delimited to a specific innovation and only the Swedish 
electricity grid system, there is a lot of value and opportunities for future 
research. Applying the same type of factors categories upon another 
innovations would verify which categories that are of high importance and 
which that are optional for each case. The validity and reliability of the study 
would increase if same type of factors could be used in other cases and the 
methodology could be repeated. Further, analyzing another nation’s electricity 
grid systems could be of interest, as regulations, supply mix and other aspects 
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can appear different in each nation. An up-to-date example that would be of 
high interest is analyzing the German electricity grid system as nuclear power 
is starting to decrease, making the fluctuations increase, and therefore making 
IT/OT integration of more value. 
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Appendix A – Pre-study Interview Questions  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

What	are	the	

benefits	and	

expected	speed	of	

commercial	

deployment	of	IT/

OT?	

What	are	the	

benefits	and	

inhibitors	for	IT/

OT?	

What	are	the	overall	drivers	&	inhibitors	for	commercial	deployment	of	IT/OT?	How	do	they	differ	across	regions?	

What	are	the	spillover	effects	from	IT/OT	transformaAon?		

What	are		

(1)  Efficiency	levers	&	impact	on	Capex	(HW,	SW,	InstallaAon/IntegraAon)	and	Opex	(OperaAons,	FaciliAes)	

(2)  Revenue	levers	(faster	Ame	to	market,	new	products/services)	

How	will	the	

new	IT/OT	

architecture	look	

like?	

Does	the	required	technology	exists?	What	are	the	gaps?	Can	customers	test	the	product?	What	are	the	investment	

costs?		

Are	there	any	compeAAve	technology	trajectories	to	IT/OT?	

What	are	the	possible	end-states?	What	would	be	the	logical	sequence	of	change	(i.e.	Order	of	deployment)	to	arrive	

at	the	To-Be	state?	

How	will	the	

new	business	

landscape	look	

like?	

Who	has	the	most	to	gain	(where	will	value	add	from	IT/OT	be	highest)?	

What	is	necessary	for	this	transformaAon	to	occur	(i.e.	R&D,	process,	new	investment)	

What	is	the	

expected	pace	of	

commercial	

deployment?	

How	are	the	drivers	and	inhibitors	for	commercial	deployment	currently	playing	out	in	the	market?	What	are	the	

main	trends?	

What	would	the	roadmap	look	like	?	–	Stages	(proof	of	concept,	scale	up,	industrializaAon)	vs.	Timeline	

What	would	be	leading	indicators	for	accelerated	commercial	deployment?	What	could	be	game-changing	events?	

Which	customers	are	likely	to	First-movers	vs.	Followers	vs.	Laggards?	Why?	How	does	this	vary	across	regions?	

What	are	the	leading	use	cases	and	PoCs?	What	are	the	key	learnings	from	them?	

Who	are	the	different	players	and	how	do	they	interact?	How	does	this	vary	across	regions?		

Who	are	the	players	and	how	do	the	interact	in	the	future?		

Could	IT/OT	integraAon	replace/integrate	with	the	exisAng	system	or	would	it	first	be	applied	by	the	end	of	the	

exisAng	technology	lifecycle?		

Have	any	DSOs	started	to	prepare	for	a	future	IT/OT	integraAon?	Who?	If	yes,	how	much	is	invested?	Do	they	have	

any	roadmaps?	

Why	is	IT/OT	of	interest	for	DSOs?	How	well	do	potenAal	customers	understand	the	benefits	of	IT/OT?	

Do	customers	have	the	resources	for	adopAon?	Knowledge	level	of	employees?	OrganizaAonal	structure?	
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Vilka	är	fördelarna	

samt	vad	är	den	

uppska4ade	

has6gheten	av	

diffusion	av	IT/OT*	

integra6on	inom	det	

svenska	elnätet?	

Vilka	är	

fördelarna	och	

barriärerna	för	

IT/OT	

integra6on?	

Vilka	faktorer	driver	denna	utveckling?	(CAPEX,	OPEX,	Intäkter)	

Vilka	barriärer	finns	för	IT/OT	integra6on?	

Hur	påverkar	

organisa6onsstr

uktur	diffusionen	

av	IT/OT	

integra6on?	

Finns	det	några	konkurrerande	tekniker	6ll	IT/OT	integra6on?	I	så	fall,	vilka?		

Vilka	händelser/förändringar	kan	vara	avgörande	för	a4	IT/OT	integra6on	ska	ske?	

Vad	är	den	

förväntade	

has6gheten	av	

IT/OT	diffusion?	

Har	Ni	(DSO)	börjat	planera	för	IT/OT	integra6on?	Finns	det	”roadmaps”	hur	adop6on	sker?	

Finns	det	någon	trend	på	marknaden	som	tyder	på	a4	IT/OT	integra6on	kommer	ske?	När	kommer	de4a	i	så	fall	ske?	

Hur	ser	er	organisa6onsstruktur	ut?		

Hur	är	er	strategi?	First-mover	vs	Laggards?	Vilka	är	poten6ella	First-movers?	

Hur	mycket	kapital	och	resurser	satsas	på	FoU?	Vilken	typ	av	FoU	bedrivs?	

Vad	måste	göras	internt	för	a4	möjliggöra	IT/OT	integra6on?		

Finns	kapital	för	investering		för	IT/OT	integra6on?	

Kan	IT/OT	integra6on	ersä4a	existerande	system,	eller	är	tekniken	endast	aktuell	först	när	nuvarande	teknik	når	sin	

“end-of-lifecycle”?	

Vem	har	mest	a4	vinna	på	IT/OT	integra6on?	

Hur	mycket	satsas	på	ny	business	och	innova6on	vs.	kostnadsbesparningar?			

Finns	kunskap	i	företaget	för	a4	implementera	IT/OT	integra6on?	Hur	fås	kunskap?	

Generellt:	Tror	ni	denna	förändring	kommer	ske?	Om	ja,	I	så	fall,	när?	
*	OT:	Opera6onal	technology	ex.	SCADA	



 


