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Abstract 
 

Realising Smart Grids 
 

 
Kim Elfström & Gustav Landberg 
The smart grid is a popular and well-debated topic in the energy industry 
right now. The concept itself has a variety of definitions, both followers and 
opponents have their opinions. The smart grid has been a discussed on 
both the national and international market. In Sweden, the smart grid has 
received increased interest and numerous stakeholders. This applies both 
among politicians with organizations such as The Smart Grid Council, but 
also at energy producers Vattenfall and giant engineering companies  like 
ABB. What happens in the future is still uncertain but there is reason to 
believe that the Swedish grid is becoming smarter, at least with respect to 
all the attention it gets. 
 
The purpose of this paper has been to examine the realization of a smart 
grid in Sweden, by examining possible incentives and barriers. 
 
As mentioned, the concept of smart grids is widely debated and relatively 
undefined. Therefore the work started by utilizing a definition which had to 
be well established, accepted and correlated with the authors' approach 
and aim.  The chosen definition comes from the European Commission 
(2010) and reads: 
 
“A Smart Grid is an electricity network that can cost efficiently integrate the 
behaviour and actions of all users connected to it – generators, consumers 
and those that do both – in order to ensure economically efficient, sustainable 
power system with low losses and high levels of quality and security of supply 
and safety” 
 
A theoretical framework was developed in order to obtain facts, 
information, and serve as tools for future analyses. For example, the 
authors selected The evolution of large technological systems by Thomas 
Hughes (1987), which describes large technological systems and how they 
develop in society. Further Marx’s ”Das Kapital” (1867) and several earlier 
research regarding smart grids were also selected and used for the 
analyses.  
 
Potential stakeholders and key-actors were pointed out and examined to 
get a picture of the current situation regarding the smart grid in Sweden. 
Three main areas of key-actors were chosen: academia, business, and 
political/governmental organizations. Nine qualitative interviews were 
conducted with actors who were considered to have good insight and 
influence in the area. The collected material and information was analyzed 
by the following aspects: financial, technological, sociological, and 
environmental. The following results were found through the interviews: 
 

 Almost all interviewed key-actors pointed out the economic factor 
as the decisive aspect for a Swedish smart grid realization in 
Sweden. At present, it was not considered to be sufficient economic 
incentives. 

 It was pointed out that the electricity in Sweden is very cheap and 
therefore customers are not interested in paying more for it, 
especially not big ones like major industries. The uncertainty about 
who will pay for the necessary renovations of the existing power 
grid was also pointed out. 

 Many of the interviewed actors saw great potential in the political 
guidelines and regulations. They considered that more stringent 
requirements and rules that favours a smarter and greener 
electricity, would lead the development towards a smart grid.  

 The technical aspect of a smart grid was not considered to be an 
obstacle. On the contrary, most of the technology was considered   
already available. 

 A summative finding was that the majority of actors did not believe 
in a revolution of the smart grid in the near future. They rather saw 
it as an evolutionary process that may emerge.

 
Several findings correlate well with the theoretical framework. For instance, Beise 
& Rennings (2004) confirms the importance of political regulations. Their view on 
the smart grid as an evolution that will adapt little by little follows the arguments 
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that Hughes describes. The value-aspect of the smart grid and the fact that is not 
considered to be enough today, at least not in an economical way, follows Marx’s 
theory of value from 1867. The smart grid development fitted well into Leonard-
Barton’s (1998) aspect of mutual adaption, which points out that both the users 
and the technology have to be changed in order to achieve success.  

 
The conclusion was drawn that most of the actors are in favour of a smart grid, 
but they did not see that there will be a "smart revolution" in the next few years 
given the current financial barriers. 
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1 Introduction 
Here follows an introduction and the background of the assignment.  

1.1 Introduction to the assignment 
 

In 2007, the “20-20-20 goals” were set for the European Union (EU). These 

goals were intend to increase energy efficiency by 20%, reduce greenhouse gas 

emissions by 20% and ensure that 20% of all energy usage would come from 

renewable sources. These goals are intended to be achieved by the year 2020. 

 

In addition to the goals of the European Council, Sweden has also set its own 

environmental goals. For example, there is a proposal stating that the share of 

renewable energy should be 50% in total and that the level of renewable 

electricity production should be 25TWh by 2020. By 2030, the vision is that 

the transport sector will be free of fossil fuels (Eurostat 2014, Government 

proposition 2009, Swedish Smart Grid Council 2013). These goals and 

proposals will place new demands on the existing power grid and will require 

upgrades in order to handle the transition. These upgrades will include 

increased implementation of intermittent energy sources and electricity 

production, such as wind and solar power (Swedish Smart Grid Council 2013). 

The current usage of the grid and electricity will also have to undergo changes. 

It is in this context that the “smart grid” is emerging with the aim of adapting 

the grid and behavior among its users in order to promote sustainable use of 

electricity and energy (Farhangi 2012). 

 

There are many definitions of what a smart grid is, but the European 

Commission’s definition is used in this thesis:  

“An electricity network that can cost efficiently integrate the behaviour and 

actions of all users connected to it 

– generators, consumers and those that do both – in order to ensure 

economically efficient, sustainable power system with low losses and high 

levels of quality and security of supply and safety.” European Commission 

(2010, 6). 

Smart grids are further investigated in section 3.2 of this thesis. 
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One might ask why the 20-20-20 goals or the concept of smart grids is of 

interest in Sweden, where many argue that the electricity system is already 

sufficient and well-developed compared with that in most other nations. The 

reason is that energy, more specifically electricity, is a complex commodity 

that: (1) cannot be stored efficiently on a large scale and has to be produced in 

direct relation to its consumption; (2) is a fundamental prerequisite for social 

functions – from large-scale firms and industries all the way down to end 

consumers and households; and (3) is also important for Sweden’s role as a net 

exporter of low carbon energy, part of an emerging market that is predicted to 

grow. The increasing standard of living and ongoing globalization is also 

tending to lead to increased energy consumption, which will set new 

requirements on how energy is produced and distributed. 

 

Webinars (KTH 2012) shows that the smart grid is a subject debated among 

many different actors with different opinions. The ambition of this thesis was 

to produce an objective report describing this interdisciplinary and complex 

issue regarding smart grids development in Sweden. 

 

1.2 Purpose and research aim 
 

The research aim was to investigate incentives and barriers for the development 

and implementation of smart grids in Sweden and the research question was 

formulated as follows:   

What incentives and barriers can be identified regarding a smart grid 

development in Sweden? 

In order to answer this question - the work process had to be divided in to three 

steps; 

 

First, the authors had to gain an understanding of the Swedish power market, 

including distribution and production of electricity and also how changes 

might affect this system. Second, find and identify the key-actors. Third and 

finally, investigate and map out the key-actors´ opinions.  

 

The intended outcome of the thesis was to show how a large system like the 
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electrical grid is influenced by more than only technological aspects. Thus the 

investigation covered how the system evolves through interaction with its 

multidisciplinary actors, such as financial and environmental interests and 

many more. 

 
1.3 Problematization 

 

Realization of a smart grid system is a vast task that will involve a large 

number of actors and multiple events. Therefore the actors represented in this 

thesis were from both regulated and unregulated parts of the power market. 

 

1.3.1 Mapping out the actors and their incentives concerning smart grids 
 

The key actors included were actors that are strongly active or have a major 

influence within the power market. The role of these key actors could be either 

producer, distributor, transmission operator, retailer, trader, large-scale 

electrical user or sometimes multiple roles. Beside this, the thesis examined 

government interest in the issue by investigating incentives and current 

regulations influencing smart grid development. 

 

There are multiple key actors of interest regarding smart grid development. 

There are also many other factors that could be important, such as geography 

and customer behaviour. Sweden is a long country with its own unique 

topography, urbanization level, weather etc. For example, the Swedish power 

grid is approximately 545 000 km long, i.e. long enough to reach around the 

Earth thirteen times (Svensk Energi 2014). 

 

1.3.2 Possible barriers and incentives related to smart grids 
 

By mapping out key actors and their incentives, the question regarding smart 

grid development could be investigated and the process also helped to identify 

barriers related to smart grids. This included investigating whether and how the 

incentives of the actors involved might conflict with each other, i.e. do they 

counteract or encourage cooperation? 

 

The incentives and barriers are multiple and have different types of 

characteristics, such as technological, economic, organizational, governmental, 
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environmental etc. These aspects are also likely to have differing impacts, with 

some requiring major fundamental changes, others being more of a necessity 

and some others being marginal. 

 

1.4 Limitations and boundaries 
 

In terms of production, distribution and consumption of electricity, a power 

market is a far-reaching market and the number of possible actors involved in 

smart grids is countless. Therefore some limitations had to be imposed 

regarding the number of actors included in this thesis. 

 

From the outset of the work, it was decided to exclude small electrical 

customers such as households and small firms. The decision was based on two 

assumptions: (1) The objective of this research was to examine smart grids as a 

large system of production and distribution and (2) these types of 

small end-customers are being investigated in an ongoing parallel project. 

 

The method, with qualitative face-to-face interviews, was considered to fit the 

aims of the thesis very well. It was decided to perform approximately 10 

qualitative interviews for empirical data collection. 

 

The technological level of the thesis is suitable for readers who have some 

technical insights but no specific knowledge of electricity or the power market. 

This objective was to provide an overview of the research area rather than 

describing specific parts in great detail. 
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2 Methodology 
 

In order to search for knowledge, given an issue or problem, a methodological 

approach has to be used. Even a decision not to use a particular methodology 

requires adoption of a methodological stand-point, which could be seen as a 

methodology in itself. Methodology is described in an Organisation for 

Economic Co-Operation and Development (OECD) manual as: 

 

“Creative work undertaken on a systematic basis in order to increase the stock 

of knowledge, including knowledge of man, culture and society, and the use of 

this stock of knowledge to devise new applications” OECD (2012, 1) 

 

Methodology can be used to establish or confirm facts, confirm the results of 

previous work, solve new or existing problems, test theories or develop new 

theories. There are many different methodological approaches available to 

researchers, depending on scientific area and culture, earlier work, the 

individual researcher etc. Therefore claims of a single excellent or flawless 

methodology can be questioned. 

 

The purpose of this chapter is to provide an explanation of the methodological 

approach used in this thesis, how the research was performed and possible 

implications of using the chosen methodology. 

 

2.1 Qualitative method 
 

The research aim in this thesis was to identify incentives and barriers to smart grid 

development in Sweden. These questions were answered by identifying key actors 

as regards the implementation and realization of smart grids in Sweden and 

surveying their incentives and barriers. The main reasons for choosing this 

approach were that: (1) The development of a system as large as the electrical grid 

has to be led by powerful actors such as system owners and operators; (2) the costs 

of developing the grid are perhaps divided among these actors; and (3) the 

development has to be done simultaneously by multiple actors. 

 

Barriers and incentives are relative and can vary in importance and relevance 
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depending on the type of actor. The ambition here was to analyze and compare 

these different incentives and barriers with each other and determine whether 

they were interacting or counteracting each other. 

 

To begin with, it was important to identify key actors of interest. This was 

achieved through an extensive literature study which included scientific papers 

on smart grids, internet information taken from websites such as Svenska 

Kraftnät, abbreviated SVK, (2012), Smart Grid Gotland, abbreviated SGG, 

(2014), Samordningsrådet För Smarta Elnät abbreviated SGC (2014) and also 

webinars such as one at KTH named “Smart nät, hur smarta då?” (KTH 

2012). 

 

In this thesis these sources showed that there were numerous actors involved 

who could be of interest. Obviously, it had been desirable to interview all 

actors, but due to limitations in the study, such as the time frame, purposive 

sampling was performed. The outcome of the limitations is less data to analyze 

which increases the risk to miss out on something of relevance. 

 

Purposive sampling is based on a strategic selection (rather than a random 

selection) of participants in a study, as described by Bryman (2008). This was 

done to identify which of the actors could be considered most relevant and 

most closely related to the research aim. These actors were taken to be so-

called key actors. To facilitate the search for key actors, academia, industry 

and the broader public were identified as three different categories of actors. 

These categories were formed based on impressions gained from written 

reports, papers and websites and also on discussions with experts in the field 

and academics, and were intended to give a comprehensive and broad picture 

of the current situation. When the key actors were identified, the three 

categories were divided and organized into subgroups. This subdivision 

facilitated the analysis by enabling the material obtained to be divided into 

subgroups as the opinions of the literature, experts and the key actors 

themselves. The subgroups were also intended to make the key actors more 

comparable and distinguishable from each other. 
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The next step was to get in touch with informants who could contribute 

information useful for the research. These informants were contacted by phone 

or email, and a face-to-face interview to be held at the informant’s workplace 

was agreed with each informant. All the interviews were semi-structured, 

which meant that before each interview each informant was emailed a list of 

relatively specific questions that would underpin the interview (Bryman, 

2008). In order to ensure that these questions were fully understandable and 

fulfilled the purpose, they were previewed and evaluated by an external expert. 

In addition to answering these questions, the informants were also allowed to 

add new questions during the interview (Bryman 2008). The starting questions 

were quite general and were complemented during the interview by more 

specific questions. The general questions were as follows: 

- What does the concept of smart grids mean for the organization you 

represent? 

- How is your work related to the smart grid concept? 

- Have you experienced any barriers or contradictions in your current 

work related to smart grid development? 

- Is there anything in particular that you or your organization would like 

to change or improve to ease the implementation process of the smart 

grid concept? 

- What is your organization’s future outlook as regards smart grids? 

 

All the informants gave their permission for the interviews to be recorded. This 

gave an opportunity to transcribe, if needed, what was said and ensure that no 

information was lost. During all the interviews, one researcher took field notes 

and wrote down the main features of what was said, while the other led the 

interview. This helped identify the important parts of the interview and avoid 

transcribing unnecessary material, since transcribing is very time-consuming 

(Bryman 2008). 

 

Bryman talks about the importance of internal reliability, which refers to how 

the various researchers synchronize the way in which they interpret what the 

experience (Bryman 2008). Therefore, all the interviews were discussed and 

reviewed by the researchers immediately afterwards, with the purpose of 

clearing up any ambiguities and differences. The informants were also offered 

the opportunity to preview and approve the material gathered from the 
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interviews before it was published, in order to ensure that everything was 

correctly understood. 

 

2.2 Interviewed actors  

Here follows an introduction to each of the key-actors that were interviewed 

and also how they will be referred to further on, for example Uppsala 

University will be referred to as UU. 

 

2.2.1 Uppsala University (UU) 

This interview was held with a lecturer at the electricity department of Uppsala 

University and where he addresses the concept of smart grids in parts of his 

teaching. He has earlier been an employee at ABB where he took part in 

developing components and solutions, which are related to smart grid 

technologies. 

 

2.2.2 STandUP for Energy (STUP) 

This interview with was held with an assistant research coordinator at Uppsala 

University who is a member of an organization called Stand up for Energy. 

This organization started in 2010, is funded and directed by the government 

and has financial contributions that will apply until 2014. The purpose for 

Stand up for Energy is to contribute with research that is beneficial for the 

business sector in the upcoming years. 

 

2.2.3 Hallsta Pappersbruk (Holmen) 

This interview was held with an energy engineer at Hallsta Pappersbruk, which 

is a paper mill in the Holmen Paper group and considered to be a very large 

consumer of electricity. The energy engineer has for example worked with and 

developed processes to change and make the energy consumption more 

efficient. Due to the fact that informant is not an expert on the smart grid area 

specific, the interview had a major focus on how Hallsta Pappersbruk would do 

and act in a smart grid, considering its large consumption of electricity. 
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2.2.4 ABB Smart Grid Department (ABB) 

This interview was held with a business developer at the smart grid department 

of ABB who was also a member of Swedish Coordination Council of Smart 

Grid. Due to the informant’s role regarding smart grids, the interview hade a 

particular focus on technology and regulations of smart grids from ABB’s 

point of view. 

 

2.2.5 Sustainable Innovation AB (SUST) 

This interview was held with a technical manager at Sustainable Innovations, 

SUST, which is a national centre for energy efficiency. For example, SUST 

works with sustainability among business, innovations and infant companies, 

but they also support Sweden to achieve environmental climate goals. The 

informant has worked on behalf of Swedish Smart Grid Council. 

 

2.2.6 Sala Heby Energi (SHE) 

This interview was held with the CEO of Sala Heby Energi, SHE. The SHE- 

group is a group of companies municipality owned by Sala and Heby. The 

group consists of the parent Sala-Heby Energi AB and the two wholly owned 

subsidiaries Sala-Heby Energy Electricity Networks AB and HESAB. The 

group has about 55 employees and a turnover of about 315.2 million (figures 

refer to the year 2012). 

 

2.2.7 Vattenfall Eldistribution AB (Vattenfall) 

This interview was held with the project manager for Smart Grid Gotland at 

Vattenfall Eldistribution AB. Due to the informant’s role regarding smart grids, 

the interview had a particular focus on Smart Grid Gotland. 

 

2.2.8 Swedish Coordination Council of Smart Grid (SGC) 

This interview was held with the head of the Swedish Coordination Council of 

Smart Grid. The current work of this organization includes all different parts of 

the smart grid and is about to spread knowledge and information about smart 

grids and how smart solutions can be implemented from production to 

household. The government establishes these directives and goals. The 
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informant pointed out that it was preferred to talk about challenges within the 

smart grid concept and its realization rather than incentives, driving forces, 

barriers and contradictions in between these. 

 

2.2.9 Swedish Energy Markets Inspectorate (EMI) 

This interview was held with an energy analyst at the Swedish Energy Markets 

Inspectorate. They interact with the concept of smart grids in terms of 

developing and enforcing regulations considering electricity distribution. The 

informant’s work is within grid development and concerns issues such as 

implementation of renewable energy, grid reliability, flexibility and much 

more. 

 

 
Figure 1. Shows the interviewed key-actors and to which category and subgroup they belong. 

 

2.3 Observations 
 

In addition to the written sources, data and information were also collected 

through observations. These observations included both live and recorded so- 
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called webinars (seminars on the web) built around a lecture about a subject 

and with the audience able to chime in and ask questions etc. A great 

advantage with the webinars was that people from different business and 

research areas were gathered to discuss the different subjects, which solved the 

interdisciplinary questions and problems. The observations were  used in order 

to gain an understanding of the subject in the beginning of the research and 

has not been further analyzed or compared to the findings in this thesis.  

 

Most of the recorded webinars by KTH and The Swedish Smart Grid Council 

could be found on www.youtube.com. These webinars yielded information 

about different subjects from different points of views. They also gave the 

opinion of the audience, who were often relevant actors who could be 

contacted for interviews further down the line. These observations would fall 

under the category of unstructured observations according to Bryman, by 

virtue of being to capture behaviour and opinions among relevant participants 

(Bryman 2008). 

 

2.4 Theoretical framework 
 

Simultaneously with the search for key actors and with conducting the 

interviews, a theoretical framework was sketched out. According to Bryman, it 

is fully possible to use qualitative methods to prove theories that were specified 

before or during the data collection (Bryman 2008). This framework was used 

to interpret and analyze the collected data and to draw conclusions from it. 

 

The predictive ambitions of this thesis were augmented by using a mixed 

methods approach, where both inductive and deductive elements were 

included. The theoretical framework was written before, during and after the 

interviews. Turning to the literature to help formulate a hypothesis reflected a 

deductive approach, which was necessary for a mutual understanding while 

interviewing. 

 

The theoretical framework was divided into two parts. One of these was based 

on relevant papers, books and theories dealing with questions and dilemmas 

http://www.youtube.com/
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such as innovations, economics, technical systems etc. that occur in the 

interdisciplinary terrain surrounding the smart grid. The theory included in this 

part was intended to explain, prove or refute, in a more general way, certain 

factors, questions and issues that might arise regarding the smart grid. The 

other part of the theoretical framework was based on papers and books 

presenting empirical findings regarding smart grids, for example in pilot 

projects, case studies and experiences from different countries. This part was 

intended to help identify possible similarities and differences specifically 

related to the smart grid issue. 

 

2.5 Ethical implications of the methodology used 
 

Since the research assignment involved interviews as the primary method, it 

was necessary to interact with a number of people. Therefore it was important 

to consider the ethical impact of the methodology in advance. The principles 

applying to researches, according to A. Bryman (2008) were studied and 

embraced: 

- Information requirement – The researcher must inform about the 

assignment’s purpose, which includes informing that the participation is 

voluntary, what tasks it requires and how it will be presented (Bryman 

2008). 

- Consent requirement – There must be mutual agreement between the 

researcher and informant that being a part of the assignment or study is 

ultimately up to the participant to decide. 

- Confidentiality requirement – The records of the informants must be 

treated as confidentially as possible, i.e. personal identity data are not 

revealed to others. 

 

These principles were used as guidelines to ensure informant security. The 

questions used for the interviews were reviewed by a post-doctoral scientist at 

the university to ensure their relevance to the research aim, but also to ensure 

that they were not offensive or biased in any way. The authors had an initial 

ambition that the informants would represent both men and women in equal 

proportions. The reasons was to avoid possible complications or bias related to 
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gender. However, this was not achieved since the majority of the respondents 

that were able to participate were men. The informants’ title and position were 

considered to the extent that their work had to be relevant to the main question. 

With that in mind, the group of representatives included academics, industry 

employees and government officers, working as researchers, project managers, 

large end-users etc. 

 

There was a responsibility to report the informants’ answers without being 

deceptive or causing any damage to the informants or their businesses. It was 

important to ensure mutual trust that the researchers would not expose the 

informants or use anything said for their own particular benefit. The informants 

were offered the option to participate anonymously, but none felt the need for 

that. 

 

The conditions of give and take, power and posture, and objectification were 

also considered. The informants did not receive any gift or other form of 

remuneration for their participation. They seem to have considered being part 

of the research project as enough reward. The power and posture aspect of the 

method was somewhat neutral, i.e. the interviewees and informants included 

were all at approximately the same level of power (Person to Person: 

Fieldwork, dialogue and the hermeneutic method, 1996). All the conversations 

were humble dialogues and there were good attitudes among interviewees to 

both parts of the research. This was confirmed by the fact that all the 

informants invited the researchers to continue the dialogue later if required. 

 

2.6 Methodological limitations 
 

One could ask whether it is possible to give an entirely objective picture of the 

main research question, given that the concept of smart grids is so 

overwhelming in terms of actors and artefacts. The concept of smart grid 

varies depending on actor and is clearly multidimensional and complex in its 

nature, spanning many different areas of knowledge. B. Latour (2012) stresses 

that even the most accurate case description would not be good enough to 

provide the explanation for its own full development.  

This was something borne in mind while conducting the work described in this 
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thesis and was counteracted by awareness and transparency in the assignment. 

By limiting the assignment in terms of time and using a defined level of 

analysis, the ambition was to deliver a general overview of the current 

situation, which corresponded to the research aim. 



21 

 

 

3 Background 
 

In seeking an understanding of smart grids and possible implementation issues, 

it is important to get a picture of how the Swedish power market works. This 

includes for example how it is operated, how it can be divided into different 

segments and who the actors are. Some of them are power producers, grid 

owners, traders, providers, consumers, “prosumers” and many more. Beside 

this complexity, the power market is in an always evolving and dynamic 

environment, which reaches beyond Sweden and out into a Nordic context 

(Sweden, Norway, Denmark and Finland) concerning pricing and distribution 

of electricity as a commodity. 

 

3.1 The Swedish power market 
 

The well-known journal The Economist (2009) once asked; what is the 2000th 

Century’s most meaningful invention? Suggestions were the car, the transistor 

or even the computer. The answer suggested by the American National 

Academy of Engineering was the electrical grid. The reason given was that 

electricity and its distribution system is probably the most important single 

factor for almost all other technical progress. In a historical perspective, the 

industrial revolution was very much possible because of electrification and 

today modern society relies on electricity as its pre-eminent commodity 

(VINNOVA 2011). 

 

Sweden is no exception concerning the dependence on electrification, being a 

relatively small but wealthy country that is highly dependent on exports to 

secure further job opportunities and prosperity (VINNOVA 2011). Despite the 

strong industrial base and the northerly geographical position of Sweden, 

Swedish energy consumption can be considered moderate. In Sweden the 

current energy consumption is 14 000 kWh per capita and year, this makes 

Sweden the sixth biggest consumer in the world related to its population 

(Svensk Energi 2012). 

 

3.1.1The producers 
 

Each country’s choice of electricity generation sources varies, mainly 
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depending on climate and resources, but also on political and economic 

issues and implications. The current Swedish power system (Figure 2) 

is dominated by hydro and nuclear power, free from carbon dioxide 

emissions, and the implementation of more renewal energy production, 

such as solar and wind power, is ongoing (Svensk Energi 2012). 

 

 
Figure 2. Swedish electricity statistics 2012. 

 

As seen in Figure 2, the Swedish power production mainly consists of hydro, 

nuclear and Combined Heat and Power (CHP). The nuclear power plants are 

normally operated in optimal or full load, which makes them very efficient. 

Electricity generation in CHP plants is dictated by the heating demand, but 

thanks to the fact that heating has an inherent inertia, the electricity production 

can be partly adjusted (Svensk Energi 2012). Hydro power is used in two 

aspects, in base production but also in meeting peak demand, which is very 

important when the power demand is fluctuating over time. Through having 

vast water reservoirs, hydro power producers can save potential energy that can 

be used later when the power demand is higher. This makes the regulating 

power of hydro weather-dependent, or dependent on season (Svensk Energi 

2012). 
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3.1.2 Complementary production 
 

Because the demand for electrical power is ever-changing and electricity 

cannot be stored but must be produced when needed, production has to follow 

the same pattern. Base production has to be expanded from time to time. When 

the demand for power exceeds the normal, which is caused by emergencies or 

disruptions, Sweden uses gas turbines to secure power production. One 

characteristic of this kind of power generation is that it is very reliable and 

independent of other external factors such as weather and can operate as long 

as fuel is available (Svensk Energi 2012). 

 

Other energy producing sources that contribute to some extent to the power 

market are wind and solar power. By the end of 2012, 4% of the total power 

generated in Sweden came from wind (Svensk Energi 2014). However, both 

these sources of power generation are intermittent, meaning they are disrupted 

or not continuously available. In practical terms this means that solar power 

generates most power during summer, more specifically during daylight hours. 

Likewise the wind may blow during the night, when the demand for electrical 

power is low (Svensk Energi 2012). The intermittent characteristics of these 

type of power sources make it difficult to predict their output, which could 

possibly be a challenge in a system with more reliable and stable production 

means. 

 

3.1.3 The weather aspect of production 
 

The kinds of energy sources used and the demand for power production are 

highly affected by weather and temperature (Figures 3 and 4). When it is cold 

and dark outside, e.g. during winter, the demand for energy for lighting and 

heating is higher than during warm days (Figure 4). However, the demand 

during the day also varies from high to low depending on hour and usage 

(Figure 3). 
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Figure 3. Daily hourly usage of electricity in Sweden. (Svensk Energi 2012)  
 

 

Figure 4. Yearly usage and production of electricity in Sweden (Svensk Energi 2012). 

 

Because of the Swedish concentration on hydro power there is an uncertainty 

in the supply system, since the rainfall and snowfall levels determine the 

amount of water flowing through the generators and the potential energy that 

can be stored as water in tanks or reservoirs.  
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The ongoing expansion of intermittent power sources such as solar and wind 

makes the weather aspects of wind and sun power even more problematic for 

the Swedish electricity supply system. 

 

3.1.4 The distribution chain 
 

The path of electricity from producer to end-consumer is rather long and 

complex. Like water or roads as distribution means, the medium has to be 

adequate to its purpose. For example, road size and capacity covers needs from 

local roads to international highways and how much flow the medium can 

handle (ABB 2014). 

 

The Swedish grid consists of both belowground and aboveground cables and is 

approximately 54 500 miles long, i.e. 13-fold the circumference of the Earth. It 

is easy to see that it is a large and important component of the national 

infrastructure (Svensk Energi 2014). 

 

The grid and its owners can be divided into three groups (national, regional, 

local) depending on the voltage the grid transmits. Transporting large volumes 

of electricity over long distances makes it economically beneficial to use a high 

voltage. In Sweden, the national high voltage grid is owned and operated by 

SVK. SVK uses 15 000 km of 400 kV and 200 kV cables with about 150 

transformer and connection stations to interconnect this high voltage grid, 

which also includes connections outside Sweden. Besides this, SVK is 

responsible for balancing output and demand on the grid (Svenska kraftnät, , 

2014). SVK is funded and owned by the state, and as a single owner of the high 

voltage grid it has a monopoly. 

 

The regional grid uses lower voltage (40-130 kV) and has approximately 170 

different owners spread over the country. The largest and most influential 

actors and owners in this market are E.ON Elnät Sverige, Vattenfall  

distribution and Fortum distribution (Svensk Energi 2014). 

 

The local part of the grid is also known as the distribution net. This grid 

delivers voltages up to 40 kV. A large part is owned by the same actors as are 
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involved in the regional grid, while other owners are smaller, often local, 

companies. This grid delivers electricity to customers such as shops and 

households (Svensk Energi 2014). 

 

3.1.5 Connecting new intermittent power sources to the grid 
 

Because of the high and mid-voltage grid is undergoing a process of 

development, mostly because of increasing volume of intermittent and 

renewable sources being connected. This situation is not unique to Sweden but 

is found in the surrounding Nordic countries. It is estimated that investment in 

the Nordic high voltage grid will double in the next few years (Svenska 

kraftnät 2014). 

 

As mentioned earlier, with the emerging intermittent sources it is difficult to 

predict the input they provide to the net, which creates new challenges for 

SVK, the actor responsible for balancing supply and demand. Today the 

balance is mainly controlled using hydropower, thanks to the possibility to 

lower or raise the output by regulating current water flow and output (Svensk 

Energi 2012). A new possibility that SVK hopes will be of use is that large 

energy users such as large firms or industrial plants can help balance the grid 

by temporarily raising or lowering their demand for electrical power. At 

present there are two possible solutions for large electrical consumers wishing 

to participate in this, either by being part of the regulated power market every 

hour during the whole year, or qualifying for being part of the power reserve, 

which is only active during the winter period (Svensk Energi 2012). 

 

3.1.6 Electricity as a commodity 
 

Since electricity cannot be stored, the balance between supply and demand 

determines the price, with a rather complex and long chain of events leading to 

the final price. This makes electricity a complicated commodity. On 1 January 

1996, the Swedish power market was deregulated, which meant that electrical 

production and retail was opened up for competition (Svensk Energi, 2012) 

Laws that counteracted free market trade were removed, but the high voltage 

grid remained a regulated monopoly. The purpose of deregulating the power 
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market was to encourage market competition and provide customers with the 

opportunity to choose between different electrical power providers (Svensk 

Energi 2012). 

 

As a result of the deregulation of the power market, most of the electrical trade 

now takes place at the Nordic power exchange Nord Pool in Norway (Oslo). Nord 

Pool connects the Northern and Baltic electrical producers and their capacity 

(Figure 5), delivering a stable and secure market model, by using  many different 

sources such as hydro, thermal, nuclear, wind and solar power plants. Nord Pool’s 

customers consist of 370 companies located in 20 countries. In 2013, Nord Pool 

had a total turnover of 493 TWh (Nord Pool Spot 2014). 

 

The reason for the exchange between countries is strongly connected to 

differences in pricing between different markets. These differences in a Nordic 

context can mainly be explained by the accessibility of water and hydropower, 

based on the seasonal demand (Svensk Energi 2014). This difference is 

generally not that big compared with countries in south Europe regarding day 

and night pricing, where the possibility to generate electrical power is highly 

affected by its accessibility (Svensk Energi 2014). Hydro power is considered 

to be a cheap energy source and the amount available for use, depending on 

water levels and so on, determines what other, more expensive, production 

means in the energy mix need to be used. The rising Nordic demand for 

electrical power has meant that more condensing power plants using coal as 

their energy source have to be used. This has been most prominent in Denmark 

and Finland. The pricing is strongly connected to the sources that are, or can 

be, used. Therefore, during cold, dry winters, the yearly price is higher than in 

mild, wet winters with much rain or snowfall (Svensk Energi 2012). 

 

This explains to a large extent why the development of the electricity system in 

terms of production, distribution and pricing is mentioned as a success in the 

annual report from Svensk Energi in 2012: 

 

”The abundance of hydropower, improved availability of nuclear power and 
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international recession gave low spot prices for electricity. The trend also 

shows clearly how much the temperature means for the Swedish and Nordic 

electricity prices. The average system price on Nord Pool Spot was just over 27 

cents/kWh, down a third from the year 2011 and almost halved compared with 

2010” Svensk Energi (2012, Foreword) 

 

 

Figure 5. Average pricing according to Nord Pool Spot, 1996-2012. 

 
 

3.2 Political aims concerning environmental impact 
 

During the last 200 years global energy consumption has increased 

tremendously and with progressive technological development and increased 

standard of living, consumption is unlikely to subside according to US Energy 

and Information Administration (US EIA 2013). This development, based on 

large-scale use of fossil fuel, has created concerns regarding the usage of 

different energy sources and their impact on the environment and the quest to 

create a sustainable society and world is a high concern. 

 

3.2.1 The combined European effort 
 

This has led to several energy-orientated goals among nations, made by 

governments with the aim of reducing exploitation and damage to the 



29 

 

 

environment and encouraging a more sustainable way of living among people. 

 

Some of these goals are the European Commission’s “20-20-20” goals, 

according to which by the year 2020, Member States are obliged to achieve: 

 A 20% reduction in EU greenhouse gas emissions from 1990 levels. 
 

 An increase in the share of EU energy consumption produced from 

renewable resources to 20%. 

 A 20% improvement in the EU's energy efficiency. 

 

These “20-20-20” goals indicate an integrated European effort to reduce 

climate change and increase the EU’s energy security and strengthen its 

competitiveness, which will help a smart and sustainable energy system to 

emerge. The effort to increase energy from renewable sources is estimated to 

contribute to growth in terms of creating 417 000 additional jobs inside the EU 

by 2020. The goal of efficiency improvement is estimated to boost net 

employment by another 400 000 jobs according to the EU Commission (2014). 

Since Sweden is part of the EU and a prominent environmentally aware actor, 

it is strongly involved in this programme. 

 

3.2.2 Sweden’s take on environmental goals 
 

Because of the northerly geographical position of Sweden and its strong 

industrial base, Swedish energy consumption (14 000 kWh per capita and year) 

can be considered high relative to its population (Svensk Energi 2014). The top 

seven energy-consuming countries on a per capita basis in the world are shown 

in Table 1. 

 

Country Consumption (kWh per capita) 

Iceland 51 921 

Norway 23 446 

Finland 15 795 

Luxembourg 15 672 

Canada 15 474 

Sweden 14 360 

USA 13 156 
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Table 1. Energy consumption per capita in the top seven energy-consuming populations worldwide. 
 

Swedish total energy consumption reached 142.2 TWh in 2012, which was a 

small increase on 2011, but the pattern of growing consumption is an ongoing 

worldwide trend. Total energy consumption includes transmission losses and 

industrial electric boilers according to Figure 6 (Svensk Energi 2012). 

 

In a wider perspective Swedish net total consumption is not very large. China 

just passed USA as the largest power generator in 2011. China’s net power 

generation in that year was an estimated 4476 TWh, which represented a 15% 

increase on 2010. The USA consumed 4127 TWh in 2011. With the ongoing 

development US EIA expect China to consume approximately 11 595 TWh in 

the year of 2040 (US EIA 2014). 

 

Even though Sweden might be a small country as regards net total power 

consumption, it has set genuinely challenging climate goals. The “20-20-20” 

goals have been extended to include other goals. For example, by the year 2020 

the use of renewable energy sources must be at least 50% of total energy 

consumption; emissions in the non-trading sector in Sweden must be 40% 

lower than in 1990 according to the Svensk Energi (2011) and the use of 

renewable energy sources in the transport sector must increase to a level of 

10%; and production of renewable electricity must increase to 25 TWh 

(Näringsdepartementet 2009). 
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Figure 6. Swedish power consumption 1970-2012 divided among main users.(SCB 2012) 

 

Needless to say, the pattern of growing consumption combined with 

increasingly strict environmental goals, requirements and regulations will 

require changes in power production, distribution and consumption. These new 

requirements and challenges are essential to realize political aims such as the 

“20-20-20” goals and one key component in this work is the electrical grid 

(Swedish smart grid council, 2013). Electricity, as noted earlier in this thesis, 

can be seen as the most single important innovation of the 2000th century to 

secure the standard of living in modern society, and is as vital as the human 

body’s blood vessels for survival. The electricity system has always been in an 

ongoing evolutionary phase since its inception and the current phase is “smart 

grids”. The ongoing evolution of the grid seems to be a basic prerequisite for 

achieving future environmental goals. 

 

3.3 What is a smart grid? 
 

The smart grid, depending on definition, seems to be a solution for complying 

with these new directives and requirements. This might be true, but 

investigating the term or the concept of smart grids is a rather complex task. 

Even though the overall goal seems rather unified, the subject is somewhat 

dependent on actor and belief. The reasons for these different opinions about 

smart grids can arise at governmental, industrial but also national or 

international level. 

 

There seems to be a tendency to use the expression ‘smart grid’ in a way that 

benefits the country or the actor itself. For example, an environment-orientated 

company might choose to highlight some things about smart grids that it deems 

important, while a company selling electricity might have another kind of 

focus and a different view. In a Swedish context, this might be expressed in a 

strong belief in hydro as a power source, because of Sweden’s access to water, 

or perhaps a strong belief in information and communications technology 

(ICT) because of the Ericsson Company. Even the simple fact that “Swedes 

recycle” might be an indication of environmental awareness (Business Sweden 

2014). 
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Many actors have defined the concept of smart grids. The definition deemed 

most appropriate for the Swedish context investigated in this thesis was that 

provided by the European Commission: 

 

“A Smart Grid is an electricity network that can cost efficiently integrate the 

behaviour and actions of all users connected to it – generators, consumers and 

those that do both – in order to ensure economically efficient, sustainable 

power system with low losses and high levels of quality and security of supply 

and safety” (European Commission 2010:6). 

 

This element of smartness already exists in many parts of the grid, although 

there is a gap between the current system and that intended for the future. The 

smart grid of the future has the capability to handle more complexity in an 

efficient and effective way through innovative products, services, intelligent 

monitoring, control, communication and self-healing technologies (European 

Commission, 2010). Because of these devices, products, services etc., the 

possibility for end-customers to be active consumers regarding electricity will 

be increased, i.e. market pricing information will be known and therefore affect 

consumer behaviour. (Business Sweden, 2014). By reducing peaks or “peak 

shaving”, power plants and the grid could be more efficiently and effectively 

used (Schneider electric, 2012). Last but not least, the grid needs to be smarter 

in terms of handling the ongoing integration process with Europe, which might 

impose new demands concerning fluctuations in the grid according to Business 

Sweden (2010). 

 

3.3.1 An overview of smart grid technologies 
 

The smart grid involves a wide span of technological challenges and areas. An 

overview of smart grid solutions is provided in Figure 7. 
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Figure 7. The smart grid uses a variety of technologies that encompass the whole electrical system. 

 

The smart grid technology consists of many different separate technologies 

represented through the whole grid. Not all technological factors need to be 

implemented or can be implemented due to the maturity of the current grid. 

Moreover, not all the different technological solutions available need to be part 

of the grid to enhance current “smartness”. According to the International 

Energy Agency (IEA) and the Swedish Smart Grid Council, these technologies 

can be represented in groups depending on their purpose. The following eight 

technological aspects are from the IEA’s “Smart Grids – Technological Road 

Map” released in 2011: 

 

Wide area monitoring and control (WAM) 

Real-time monitoring and display of power system components and 

performance, across interconnections and over large geographical areas, help 

system operators to understand and optimize power system components, 

behaviour and performance. Advanced system operation tools to avoid 

blackouts and facilitate the integration of variable renewable energy resources. 

Monitoring and control technologies along with advanced system analytics, 

including wide-area situational awareness (WASA), wide-area monitoring 
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systems (WAMS), and wide- area adaptive protection, control and automation 

(WAAPCA) – generate data to inform decision making, mitigate wide-area 

disturbances, and improve transmission capacity and reliability. 

 

Information and communications technology integration (ICTS) 

Underlying communications infrastructure, whether using private utility 

communication networks (radio networks, meter mesh networks) or public 

carriers and networks (internet, cellular, cable or telephone), support data 

transmission for deferred and real-time operation, and during outages. Along 

with communication devices, significant computing, system control software 

and enterprise resource planning software support the two-way exchange of 

information between stakeholders, and enable more efficient use and 

management of the grid. 

 

Renewable and distributed generation integration (RDG)  

Integration of renewable and distributed energy resources – encompassing 

large scale at the transmission level, medium scale at the distribution level and 

small scale on commercial or residential building level – can present challenges 

for the dispatch ability and controllability of these resources and for operation 

of the electricity system. Energy storage systems, both electrically and 

thermally based, can alleviate such problems by decoupling the production and 

delivery of energy. Smart grids can help through automation of control of 

generation and demand (in addition to other forms of demand response) to 

ensure balancing of supply and demand. 

 

Transmission enhancement applications (TEA) 

There are a number of technologies and applications for the transmission 

system. Flexible AC transmission systems (FACTS) are used to enhance the 

controllability of transmission networks and maximise power transfer 

capability. The deployment of this technology on existing lines can improve 

efficiency and defer the need for additional investment. High voltage DC 

(HVDC) technologies are used to connect offshore wind and solar farms to 

large power areas, with decreased system losses and enhanced system 
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controllability, allowing efficient use of energy sources remote from load 

centres. Dynamic line rating (DLR), which uses sensors to identify the current 

carrying capability of a section of network in real time, can optimise utilisation 

of existing transmission assets, without the risk of causing overloads. High-

temperature superconductors (HTS) can significantly reduce transmission 

losses and enable economical fault-current limiting with higher performance, 

though there is a debate over the market readiness of the technology. 

 

Distribution grid management (DGM) 

Distribution and sub-station sensing and automation can reduce outage and 

repair time, maintain voltage level and improve asset management. Advanced 

distribution automation processes real-time information from sensors and meters 

for fault location, automatic reconfiguration of feeders, voltage and reactive 

power optimisation, or to control distributed generation. Sensor technologies 

can enable condition- and performance-based maintenance of network 

components, optimising equipment performance and hence effective utilisation 

of assets 

 

Advanced metering infrastructure (AMI) 

Advanced metering infrastructure (AMI) involves the deployment of a number 

of technologies – in addition to advanced or smart meters – that enable two-

way flow of information, providing customers and utilities with data on 

electricity price and consumption, including the time and amount of electricity 

consumed. AMI will provide a wide range of functionalities: 

- Remote consumer price signals, which can provide time-of-use 

pricing information. 

- Ability to collect, store and report customer energy consumption data 

for any required time intervals or near real time. 

- Improved energy diagnostics from more detailed load profiles. 
 

- Ability to identify location and extent of outages remotely via a metering 

function that sends a signal when the meter goes out and when power is 

restored. 

- Remote connection and disconnection. 
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- Losses and theft detection. 
 

- Ability for a retail energy service provider to manage its revenues 

through more effective cash collection and debt management. 

 

Electric vehicle charging infrastructure (EVCI) 
 

Electric vehicle charging infrastructure handles billing, scheduling and other 

intelligent features for smart charging (grid-to-vehicle) during low energy 

demand. In the long run, it is envisioned that large charging installations will 

provide power system ancillary services such as capacity reserve, peak load 

shaving and vehicle-to-grid regulation. This will include interaction with both 

AMI and customer-side systems. 

 

Customer-side systems (CSS) 
 

Customer-side systems, which are used to help manage electricity consumption 

at the industrial, service and residential levels, include energy management 

systems, energy storage devices, smart appliances and distributed generation. 

Energy efficiency gains and peak demand reduction can be accelerated with in-

home displays/energy dashboards, smart appliances and local storage. Demand 

response includes both manual customer response and automated, price-

responsive appliances and thermostats that are connected to an energy 

management system or controlled with a signal from the utility or system 

operator. 

 

All these different areas of smart grid technologies embody a vast depth and 

range of actors and other technologies, i.e. hardware, software and 

components. As mentioned earlier in this thesis, countries’ possible power 

sources vary, depending on factors such political and geographical conditions. 

All nations have different governing conditions, although some may be similar. 

This is the case with the smart grid technologies too: different countries have 

developed different possibilities within these competences. 

 

3.3.2 Smart grid technologies in Sweden 
 

In May 2013, the Swedish Smart Grid Council published a report entitled 
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Mapping out Business Related to Smart Grids in Sweden. This report revealed 

that Sweden is a prominent country in terms of active energy customers and 

delivering feedback to customers concerning energy consumption. This finding 

is based on the fact that Sweden was one of the first European countries to 

introduce smart meters (AMI). Furthermore, the Swedish Energy Market 

Inspectorate reports that Sweden is world-leading in modern technology to 

increase the transmission capacity of transmission networks, such as HVDC 

and FACTS technology (Business Sweden 2014). 

 

It has been found that many of the actors interviewed consider that the IEA 

definition of smart grids, which is the definition used in the reports cited above, 

is in general rather technical. Smart grids are visualized in the IEA Roadmap as 

an interdisciplinary solution which is linked between societal, financial, 

technology and policy objectives (IEA 2011). However, the Swedish Smart 

Grid Council decided that its report would look at smart grid actors from the 

technological perspective. This revealed that ICT is a key technology for the 

realization of smart grids and that ICT plays a part in the industrial strength of 

Sweden. It is also mentioned that possible electrical storage might be or could 

become a key expertise in Sweden. Besides this, the report notes an industrial 

overlap in these technologies which indicates broad expertise in smart grids 

and also points toward a broad understanding of smart grids as a solution 

(Business Sweden 2014). 

 

The Swedish company mixture as regards smart grid technologies comprises 

micro, small, mid-sized and large firms, classified depending on their revenue. 

The contribution of each of these to the overall industrial base in Sweden is 

shown in Figure 8. 
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Figure 8. Industrial representation in Sweden of smart grid technologies. Classified 

depending on revenue. Blue indicates smart grid representation, yellow the rest of Swedish 

industry. 

 

This comparison shows that companies related to smart grid technologies are 

more equally divided through the whole sector then the rest of Swedish 

industry. This means e.g. that large firms are much more highly represented 

within the smart grid area than the rest of the Swedish industrial basis. 

However, despite this high representation of large firms in the smart grid 

business area, 65% of the whole segment is represented by micro and small 

firms (Business Sweden 2014). All eight IEA categories for smart grid 

technologies are represented and there is a perception that the professions is 

divided equally between smaller and larger firms. There is also a perception 

that capital intensity is slightly different depending on technological area, i.e. 

distribution hardware such as HVDC compared with ICT applications related 

to real-time monitoring. The representatives from large-scale firms interviewed 

in the Swedish Smart Grid Council’s report insisted on the benefits that small 

firms contribute in terms of dynamic and innovative solutions as a highly 

important factor for smart grid development (Business Sweden 2014). 

 

Many of the companies represented by the interviewees in the report were 

established before the concept of smart grids was introduced in the mid-1900s. 

The technological solutions related to smart grids had already been established 

earlier in a Swedish context, most commonly in the distribution and 

transmission systems in terms of monitoring, regulation, control, real-time 
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monitoring etc. These earlier inventions can be found in for example HVDC, 

FACTS and SCADA (Business Sweden 2014). 

 

The interviews revealed the general opinion that Swedish marketing strengths 

lie within both the innovation from research by these small and innovative 

companies and in the wide fundamental system knowledge and competences 

from early projects, much related to the early implementation of AMI. The 

interviewees also saw great potential for Swedish ICT firms to enter the energy 

market with a rising demand for communication services. An area that is in 

need of development is the ramping up and scaling up of innovations so they 

can be commercialized more quickly. A related issue is how this should be 

financed in terms of capital support and distribution. According to the Swedish 

governmental agency VINNOVA (2011), it is possible that smart grids could 

be this century’s biggest technological investment and the Swedish Smart Grid 

Council underlines the importance of making smart grids a future growth 

market (Swedish smart grid council 2014). 

 

3.3.3 Driving forces for smart grids 
 

The smart grid concept and its related aspects are interdisciplinary; a fact that 

needs to be kept in mind while investigating driving forces. In this report the 

Swedish Smart Grid Council (2014) identifies five groups of actors: 

- Decision makers in the political sphere 

- Academics 

- End-users 

- Distributors of supporting technology 

- Enablers (Companies with great influence on the smart grid development, 

such as Tele2, IKEA, NCC etc.) 

However, not all of these actors are represented in the report. Furthermore 

since the concept of smart grids is an ever-evolving and ongoing process, these 

groups might change to include or exclude different actors according to 

Business Sweden (2014). 

 

The Swedish development of solutions within the smart grid concept started 

before the concept was born, due to the requirements that influence the market 

(Figure 9). For example, the geographical positioning and topographical 
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outlook, with plenty of cheap, efficient and stable hydropower in the north and 

large energy consumption in southern Sweden, forced a need to develop 

efficient transmission systems. This need led to inventions such as HVDC. 

Other examples are the laws and regulations which have laid the foundation for 

the implementation of AMIs and free market trade. Furthermore, Sweden is 

considered to have high research skills and innovative ability in the academic 

sphere, with international recognition (Business Sweden 2014). 

 

From a Swedish perspective, with the power production mixture of nuclear 

power as a basic production means and hydro power as a very suitable 

regulating power, the need for a smarter grid is debatable, according to the 

Swedish Smart Grid Council’ (2014). Today’s energy accumulation from 

intermittent power sources such as wind and solar is not great enough to 

enforce faster development of the current grid, but with an ongoing 

international integration process and an increasing demand for power, this need 

is expected to increase. In addition, the goal of a fossil-free vehicle fleet by 

2030 is considered to be a driving force in the Swedish perspective. Lastly, the 

introduction of AMIs providing hourly energy consumption is an important 

driving force.  

 

According to the interviewees in the report from Business Sweden (2014)  the 

missing parts from a Swedish actor perspective are information about the 

common goal and the business potential. The report underlined that the 

implementation and realization of a smarter grid is a long process and that the 

goals related to this are also of a long-term term nature, which could be 

difficult to grasp. In order to encourage a faster development, some rules and 

regulations could help according to Business Sweden (2014). 

 

Further, the marketing expert in the Business Sweden report (2014) stated that 

Sweden is an innovative country but has a gap in the realization process 

between innovation and market establishment. Therefore it is desirable to 

encourage a smoother or more efficient transition between these two phases. 

Looking at the market establishment and business opportunity at the research 
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stage could possibly help this problem. Another possibility is to ease testing 

and display through demonstration, which will help innovations interact with 

the market and its customers. There is reasons to believe that these actions also 

would help firms, small and large, old and new, to find each other and help 

collaborate towards the common goals of smart grids.  

 

Lastly, the Swedish Smart Grid Council (2014) pointed out the demand for 

business models as a driving force for a development of the grid. It was 

underlined that today there are not enough monetary incentives for customers 

to get involved this development. 
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4 Theoretical background: the development and 

implementation of technological systems 
 

The literature and theories presented in this section of the thesis were chosen 

due to their usefulness and relevance to the established research aim. They 

all contribute to a better understanding of the different parts involved in a 

technical system, from the perspective of industrial technology. This 

includes for example multidisciplinary technologies, methods and 

innovation. The subjects are divided in four main areas: 

 Non linearity of technology journey 

 Implementation of technologies 

 The creation of economic value surrounding new technologies 

 Environmental aspects related to smart grid implementation 

 

Each of the chosen publications gives an idea and perception regarding a 

specific aspect or area that is considered to be of great importance and 

relevance for the research aim and the ability to answer it. A 

multidisciplinary approach with literature that covers different disciplines 

and areas fits well into the definition and purpose of industrial technology, 

and can thus increase the contribution of the thesis to this scientific field. 

 

4.1 The non-linearity of  technological systems 
 

Defining or attempting to map out a large technological system such as the 

electrical network is, according to Hughes (1987), often a rather widely-

spread task including messy, complex and problem-solving components. 

 

The system architecture comprises artefacts and components, which are not 

similar or equal to each other. An artefact is a technical device owned and 

created within the system, while a component, on the other hand, is not 

owned by the system and has a degree of freedom beyond the system, i.e. a 

working individual. Beside these two building blocks when defining a 

system, there is also an organizational presence that interacts with the 

system. Such organizations could be electricity producers, financial 

institutions, government agencies etc. These organizational interactions also 
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incorporate universities and legislations (Hughes 1987). 

 

As mentioned, defining a system is rather complex task. Therefore Hughes 

expresses the importance of limiting the system or sub-systems, which is 

often done in terms of input, output and the overlapping interfaces in 

between. Needless to say, there should also be a distinct level of analysis 

concerning the work related to smart grids. 

 

4.1.1 How a complex system evolve over time? 
 

While investigating a technological system, such as the electrical system, 

there is certain pattern of events that Hughes (1987) has identified. These 

events are invention, development, innovation, transfer, growth, competition 

and consolidation. This pattern is not simply sequential; the events both 

overlap and backtrack each other. 

 

This kind of pattern can contribute, evolve or interact into other patterns and 

roles distributed in this evolutionary process (Figure 9). These roles are 

considered to embrace different types of entrepreneurship. The first role is an 

inventor entrepreneur, making technological and then development decisions 

when realizing an invention. The second role involves manager 

entrepreneurs, who encounter tasks such as transforming the invention into a 

commercial innovation and later on competition and growth. The third, and 

final, role is that of the financial entrepreneurs, who handle consolidation and 

realization (Hughes 1987). 

 

Figure 9. Different types of entrepreneurship according to Hughes (1987). 
 

4.1.2 Invention 
 

In some sense, more or less everything can be traced back to an invention. 

Items such as books, cars, computers etc. are easily seen to be inventions. 

However, even social phenomena such as professions and lifestyles are relate 

to inventions. Moreover, all these inventions can be either radical or 
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conservative in nature. Looking at inventions from an historical point of view, 

many started out as failures or had serious shortcomings, but were later 

developed into inventions in the word’s true meaning. The risk of failure might 

affect the characteristic nature of an invention, i.e. as radical or conservative, 

given that the impact of the invention could be a motivation for the inventor. 

The American inventor Elmer Ambrose Sperry expressed his will to take risks 

and work with radical inventions as follows: 

 

“Why should I try to enhance inventions with maybe five or six percent when I 

got the possibility to do something new that could give hundreds of percent 

increased efficiency instead”(The New York Times 1930). 

 

This could provide an explanation for the great focus on radical inventions 

during the early 20th century. 

 

A radical invention has a major impact on the ruling conditions in firms or 

organizations, i.e. it often creates a knowledge gap between current and new 

technology, leaving workers, engineers, managers, financial institutions and 

others in a knowledge dilemma. This is why radical inventions tend to cause a 

great sense of anxiety in large organizations, and this anxiety can lead on to 

doubt, which points to risks beyond just technical aspects. 

 

Inventors emerge both in organizations and outside. The environment affects 

the work and degree of freedom of inventors, ultimately influencing the kind 

of invention that is produced. Furthermore, patents and other solutions are 

often presented in scientific journals, which leads to other people and 

inventors tending to try solving the same problem, or parts of the problem. 

This leads to a clustering effect over time within different patent areas 

(Hughes 1987) 

 

4.1.3 Development 
 

Development is the phase in which an invention becomes an innovation, where 

the social construction takes place. This means that the invention has to 
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emerge from its stable and non-complex invention environment to become part 

of the large social system. Depending on system level and boundaries, the 

invention might change the ruling system, e.g. radical inventions can impose 

new system requirements or force a whole new system to be developed. 

 

The rather complex task of converting the invention into an innovation 

therefore requires a lot of extensive testing. These tests are often cyclic, which 

means that the invention is introduced to a specific group of test users to be 

tested in a specific system environment and undergoes systematic 

improvements. The relationship between research, technology and science is 

important; the path of development of inventor entrepreneurs might vary 

depending on whether they are independent or tied to a firm (Hughes 1987). 

 

4.1.4 Innovation 
 

Innovation itself can be seen as a separate complex system consisting of 

production, market, service etc. Within this system there are many 

components and artefacts that have to be adapted and tuned for an innovation 

to be realized, I.e. what products that should be produced and what should be 

bought, outsourcing or partnering possibilities, how will the innovation be sold 

etc. 

 

There is no doubt that innovation process is a matter of system design 

including establishment, maintenance and further development. This part of 

the technological evolution consists of a role change from inventor-

entrepreneur to manager-entrepreneur. The role change is demanding and 

requires a great deal from the inventor, which often leads to a split in the 

evolution where the inventor remains inventor, and the manager assumes 

responsibility for further development of the invention becoming an 

innovation. Needless to say, this evolution is often even more difficult if the 

inventor is independent and does not have the established business network of 

an existing firm (Hughes 1987). 

 

4.1.5 Technology transfer 
 

Systems are dependent on the specific variables of time and environment in 
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which they were designed to work and interact. This makes it problematic in 

many different ways when these variables change, since both time and 

environment are dynamic by nature. This cannot be ignored and therefore 

technological systems need adoption. Adoption is not the same as transfer, 

although the processes are similar. Transfer includes the entire system, while 

adoption is a continuously ongoing process of small changes in the system 

depending on time and environment. Both transfer and adoption of systems are 

highly influenced by the market and ruling legislation. 

 

4.1.6 Technological style 
 

The exploration of technological transfer often draws attention to the 

technology that is being transferred or adopted. As in art, there is not just one 

way to do technology, i.e. when constructing a dynamo it should be 

constructed for its specific purpose depending on time and environment. The 

system and its architecture should be good for a certain time and environment. 

 

Looking at a map of electricity supply in London, Paris, Berlin and Chicago in 

1920 reveals major differences in size, number and location of power plants 

between these cities. The greatest difference at that time was not in terms of 

power output, but in how it was generated, transmitted and distributed. 

London possessed about fifty small power plants and Berlin six large plants. 

This configuration remained for decades. The reason was not that Londoners 

were technological laggards, but rather political regulatory legislations caused 

the difference. Londoners embraced the power of local government by 

providing municipal boroughs with the authority to regulate electric light and 

power, and Berliners pursued an approach of centralized authority regulating 

power to the city (Hughes 1987). 

 

Other factors that affect technological style are e.g. regional and historical. 

During World War I there was a shortage of copper in Europe, which 

encouraged Germany to install few, large generators to save copper, a trend 

that it has followed ever since. Furthermore, the nature and topography of a 

country or a region influence which technological style is most suitable and 
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will prevail (Hughes 1987). 

 

The concept of style traditionally includes a false notion that technology is 

simply applied science and economics, a doctrine taught only a decade or so 

ago in engineering schools, according to Hughes (1987). 

 

4.1.7 Growth, competition and consolidation 
 

Hughes (1987) points out that the path of growth is well studied, but why 

firms strive for growth has not been examined to the same extent. Reasons for 

growth could be economics of scale or motives such as personal power and 

organizational aggrandizement, among others. However, these motives and 

incentives often mask contradictions which are perhaps even more visible in 

volatile markets such as power demand. Economics of scale in power 

production mean that a larger plant could provide more kilowatt-hours per 

month compared with a smaller plant in terms of efficiency. However, the 

same principle faces a dilemma when the load is adjusted to lower levels, and 

the unit price will therefore increase. This has to be taken into consideration 

when building technological systems and their architecture. A historical 

review of London shows that during the early 1900s the most profitable power 

plants were small facilities which were not solely driven by profit, personal 

power or organizational aggrandizement (Hughes 1987). 

 

Given this fact, many technologies have to consider their “load factor”, which 

is the ratio between the average output and the maximum output during a 

specified period of time. An output graph from a power plant during a day can 

illustrate this. In the early morning the consumption of electricity is low, but 

afterwards it rises as people wake up and go to work. Later on in the evening 

there is usually a peak when people come home from work. These peaks and 

troughs of demand reveal the utilization of power, which can be tied to the 

unit cost and related to return on investment in capital-intensive industries. In 

this context the load factor does not necessarily drive growth, given that a 

technological system can have a high load factor if the output or market is 

diverse. This diversity is often displayed in increasing market mixtures, e.g. as 
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early as 1920s, the German power plant in Ruhr, which was basically fueled 

by coal, built long power lines to incorporate waterpower into its market mix. 

However, these phenomena tend to lead towards expanding organizations or 

systems (Hughes 1987). 

 

In growing systems there will be components or artefacts that will become a 

“reverse salient”, which could be compared to a bottleneck. For example, if 

one system component is upgraded, there will be others that become the 

reverse salient within the system, limiting the current efficiency. This new 

component could be, as mentioned earlier, either radical or incremental, which 

will also affect the system in different ways. A new radical component might 

not work with the current interface and therefore the whole system might need 

to be changed, e.g. the piston engine’s shortcoming of reaching supersonic 

flight speed led to the progress and birth of the jet turbine. These reverse 

salient are not only exclusively technological, but can also be financial, 

organizational or governmental according to Hughes (1987) 

 

4.1.8 Technological momentum 
 

Depending on the magnitude of a system and current developments, systems 

gain “momentum” like vectors. In the systems there are many stakeholders 

such as engineers, financiers, owners, users etc. These stakeholders will 

determine the momentum of the system and its trajectory, as perhaps easiest 

displayed in the historical battle between alternating and direct current in the 

USA and Europe. Because of the momentum that both technologies had 

gained in each country based on major capital investments and unamortized 

artefacts, the trajectory was settled. Thus considering the momentum that 

technological systems are affected by, one could argument that the 

architecture or technological style is not always settled by technical 

determinism (Hughes 1987). 

 

4.2 Implementation as mutual adaption 
 

The seminal work by Leonard-Barton (1988), concerns implementation of new 

technology into current systems and user environments, which should be 
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similar to a smart grid implementation. It is built around a number of empirical 

cases where new technologies have been taken into use under different 

circumstances in several companies. 

 

4.2.1 Economic losses 
 

When implementing a new technology into an old system, some economic 

losses have to be taken into consideration. These losses can either occur as 

losses in productivity due to difficulties in learning and adapting to the new 

technology, or as costs regarding implementation that takes time and consumes 

resources, which is equal to money or possible profit. 

 

The amount of losses is different from case to case and depends on different 

factors such as the range and size of the new technology, how well or poorly 

the new technology fits with the current system and also how prepared and 

motivated the staff and workers are to participate and be a part of the change 

that is about to appear. There are both technical and social factors that have to 

be considered while implementing a new technology or advancing components, 

sub-systems or similar into older ones (Leonard-Barton 1988). 

 

4.2.2 Unfinished development 
 

A question that Leonard-Barton (1988) raises is whether some technologies, 

when released or implemented, have reached an adequate level of development 

and are ready to fly, i.e. ready to enter the market. It might be the case that the 

manufacturing companies push the technologies out onto the market too early, 

before they have been sufficiently tested, investigated and solved to address 

basic and scientific problems. 

 

Obtaining a comprehensive and fully correct perception of how a technology 

will behave and fit when implemented is considered impossible. No matter 

how close to reality one can come in a laboratory, such work will never equal 

the scaled-up and realized implemented technology. Leonard-Barton (1988) 

illustrates this problem with a concrete example of a chemical company 

experimenting with a chemical compound. In the laboratory this chemical 
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compound acted as expected and desired, but when the production was scaled-

up it behaved differently from in the laboratory environment and could not be 

used in the way it was intended (Leonard-Barton 1998). 

 

This dilemma is a possible difficulty and problem that applies to smart grid 

development as well. As a matter of fact, there are no actual fully implemented 

smart grids today, but only pilot projects in smaller parts of cities, tests in 

laboratories and different case studies. This raises the question of how smart 

grids will behave and work when they are scaled up into whole cities and 

countries. Will they serve and act as in the pilot projects, or will there be new 

problems related to the up scaling that were not possible to detect in the test 

environments? These questions are highly related to the smart grid technology 

due to the fact that it is a new huge technology that might be impossible to 

totally test and understand in a laboratory or at a pilot level. 

 

4.2.3 Alter the specifications 
 

If a new technology does not totally fit with what is required and expected, 

Leonard-Barton (1988) suggests that it might be better and easier in many ways 

to change the specifications rather than the innovated technology. When it 

comes to smart grids, it is very difficult to see whether the technology will 

satisfy the expectations and fulfil the specifications, due to the fact that both 

expectations and specifications change and also differ from actor to actor. 

Today there are multiple standards within the smart grid technologies, 

depending on actor, country, organization etc. 

 

As mentioned, in some cases there might be reasons to change the 

specifications rather than the innovation and technology itself. Even if the 

changing of criteria or specifications might change a whole organization, it 

could be the best strategic choice (Leonard-Barton 1998). 

 

4.2.4 Mutual adaptation 
 

Leonard-Barton (1988) concluded that a change in both technology and user 

environment is often more beneficial than holding one constant and changing 
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the other. She claims that through this, the design process continues outside the 

factory and also has to follow into the implementing stage. This proposition 

can be considered to be relevant and valid when it comes to smart grids, as 

implementation of smart grids into society cannot just be a technological 

change in a constant and unchanged user environment. Smart grids require both 

new technology and a user environment that is willing and prepared to change 

the pattern regarding use, creation and distribution of electricity. 

 

There might be some reason to believe that if a smart grid is seen as just a 

change in technology and not in user environment, the implementation will fail 

to solve the problems and help society in the way that it is intended to do. 

Those who are opposed to the implementation of smart grids might concur or 

at least think in similar ways as Leonard-Barton do in this statement. There are 

reasons to believe that the obstacles and challenge mentioned above might 

occur when smart grids are realized. If they do, mutual adaptation is something 

that can solve these problems and make the implementation possible and less 

problematic. 

 

4.3 Karl Marx’s theory of value 
 

Value is something that concerns and affects everyone on a daily basis from 

individuals to large firms to nations, but despite this the concept of value is 

very diffuse. While looking at the smart grid concept and possible realization, 

or implementation, the concept of value often occurs, i.e. customer value, 

money value, technological value, environmental value, surplus value and so 

on. 

 

To help gain an understanding of the concept of value and how different types 

of value interact, it is useful to consider Karl Marx’s theory of value. Even 

though it was first presented in 1867 in Das Kapital, it is still relevant and 

helps to explain the presence of value. Because of the familiar nature of this 

theory a complete recapitulation is not necessary, but this section of the thesis 

describes relevant parts that could help explain value related to 

implementations of, or within, large systems. Furthermore, it should be 
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mentioned that Marx is not the only theoretician to have reflected on value. 

Many more famous theoreticians are recognized within this field, such as 

Adam Smith, John Locke, David Ricardo, Carl Menger, Friedrich August 

Hayek and many more. 

 

4.3.1 Value displayed in different forms 
 

Because of the relationship between commodity accumulation and wealth in a 

capitalist mode of production, Marx begins his study of capital by looking at 

commodities, which he distinguishes as: 

 

”A commodity is, in the first place, an object outside us, a thing that by its 

properties satisfies human wants of some sort or another. The nature of such 

wants, whether, for instance, they spring from the stomach or from fancy, 

makes no difference. Neither are we here concerned to know how the object 

satisfies these wants, whether directly as means of subsistence, or indirectly 

as means of production” – Karl Marx  (1867) 

 

The value of a commodity is therefore related to its usefulness, the so-called 

use value, and can be examined from two different points of view; in terms of 

quality and quantity. The relationship between value and exchange seems to 

be only a quantitative relationship at first glance according to Marx. 

 

4.3.2 Simple and expanded form of value 
 

A commodity is divided between two contradictory poles, the relative and 

equivalent pole (Figure 10). These two poles are each other’s contradiction, 

but they are dependent on each other and both are needed to determine the 

accumulated value as a whole; the relative form explains that a commodity 

value is related to other commodities, i.e. the relationship between coal and 

iron. Looking at value from this point of view, it is just a matter of balancing 

the equation and the quantities needed to reach balance, which is dependent on 

supply and demand represented by equivalent form. 
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Figure 10. The simple form of value 
 

Marx (1867) points out that this relation should be reversible to makes sure 

that balance between these two poles is achieved. For example, twenty bolts of 

linen cloth are equal to one coat and one coat is equal to twenty bolts of linen 

cloth, simple and reversible. This is the simplest form of value and therefore 

the variable of labor is not taken into account, but will be later on. One might 

assume that the total necessary labor related to creating the coat (i.e. tailoring) 

is equal to the total labor necessary to produce the linen (i.e. weaving), 

therefore it can be overlooked for now. 

 

The expanded form of value is based on the same assumptions as the simple 

form and one transaction, but takes into account the aspect that there could be 

multiple commodities: 

 

1 coat = 20 bolts of linen cloth, 

1 coat = 12 ounces of tea 

1 coat = 1 hat, etc. 

 

There are countless numbers of value combinations because of the many 

commodities that exist, which makes it nearly impossible to define the network 

related to a commodity. The network has a dynamic character and is often 

referred to as a market. Again, this relationship could be reversible in order to 
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prove that there is balance in the exchange (Cleaver 2005). 

 

For both the simple and expanded form of value some conclusions can be 

drawn, e.g. the aspect that relative and equivalent are contradictory, but also 

that the relationship between these determines the total value. Since everything 

that is useful has some kind of value and since the value combinations are 

infinite, the phenomenon of value is both totalizing and infinite. 

 

4.3.3 General and money form of value 
 

The general and money form of value is more complex than others because it 

includes multiple commodities and transactions. 

 

By looking at the earlier example of the linen coat in relation to other 

commodities, it can be explained. From experience, it is known that linen 

alone does not create a coat, as more materials are needed such as thread, 

buttons etc. Beside this, it could involve intangible aspects such as labor, 

design etc. To achieve balance in this equation there could be multiple 

commodities that take part in the exchange, even though it is only one 

transaction: 

 

1 Coat = 20 Bolts of linen + 1 meter of thread+ 5 buttons + 3 h labor. 

 

These transactions are not necessary isolated acts, as there are sometimes 

multiple transactions depending on demand and supply of the desired 

commodity. The transactions could be compared to value transformation in 

several stages. This is most easily explained through an example of value 

transformation: Capital hires labor, labor receives goods and these goods are 

traded for food. This gives an example of the expanded form of value because 

of the different commodities exchanged through the chain (Illich 1972) 

 

Ultimately, the money form is the most common form of value today, as it is a 

universal equivalent that has been fixed by social custom into a commodity and 

it is based on a mutual understanding between users of money. To set an object 
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equal to money is to put a price on it and the price form is a sub form of the 

money form (Cleaver 2005): 

 

5 gold coins = 1 Coat + 3 ounces of sugar + 2 loaves of bread etc. 

 

The earlier conclusion that value is totalizing and infinite will contribute to new 

value combinations. This might be one of the greatest reasons why barter has 

expired and money has become the most common universal equivalent or even a 

commodity itself. Money has also increased the ‘pricezation’, which makes social 

relations or phenomena become monetary equivalents and user value become 

market value. This pricezation may be difficult to imagine at first, but looking at 

the fact that it is possible to exchange everything that has a price, it can be easier 

to understand:  

 

400 000 Toothbrushes * 2 coins/each = 1 car * 800 000 coins 

 

1 Car * 800 000 coins = 1 000 hours concerts * 800 coins per hour 

 

This example visualizes commodities through value as a simple or elementary 

form, but could be expanded to the general form, which would clarify further 

how this phenomenon can be seen as infinite and totalizing. 

 

4.3.4 Possible value aspects regarding smart grids 
 

From this perspective, smart grids represent infinite possibilities of value. They 

have numerous different use values depending on utility, while the possible 

value combinations are infinite since it is a dynamic market with new products 

and actors appearing and disappearing constantly. The Marxist theory of value 

might help to explain, or at least give a reason, why money exerts such a great 

influence on value, even though it is not the only value related to smart grids. 

 

4.4 Environmental aspects regarding smart grids implementation 
 

4.4.1 Pro-environmental behaviour among consumers 
 

A full-scale smart grid might change behaviour among consumers in many 

ways. Not only will it make them “prosumers” (both producers and 
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consumers), it will also affect their patterns of consuming and way of living in 

general. The use and access to electricity is something we might take for 

granted today, but that has to be considered differently and with reflection in an 

established smart grid. Pro-environmental behaviour among consumers might 

be most relevant for the smart grid. Stern (1999) points out different important 

factors and aspects. For example, he has written about electricity consumption 

and peak periods in the paper “Information, Incentives, and Proenvironmental 

Consumer Behavior” (1999). Electric utility companies carried out tests in the 

1980s to see how a time-of-use pricing system could change the usage among 

consumers and move load to off-peak periods when electricity is less expensive 

and power plants that are less polluting could be used. The price savings varied 

from 2:1 to 8:1. It was discovered that the amount of savings did not matter 

very much. Instead, what mattered was how the change was explained to 

consumers. As long as people knew that there was an incentive and realized 

how important it was remove the peaks, the moral obligation became more 

important than the amount of money saved. This was also confirmed in a study 

by Heberlein & Baumgartner (1985) in their paper “changing attitudes and 

electricity consumption in a time-of-use experiment”. Due to this, electricity 

companies started to expand and improve their information to consumers, 

which led to a 16% reduction in peak demand (Stern 1999). 

 

This example indicates how incentives and information combined can have a 

great impact on pro-environmental behaviour among electricity consumers. 

 

4.4.2 Environmental innovations 
 

Beise & Rennings (2004) has investigated whether environmental innovations 

can create lead markets with the help of political regulations. According to 

them, environmental regulations are often intended to benefit the development 

of environmental awareness and eco-effective innovations and products. 

Governments often try to support these companies and also see potential and 

interest in being able to export these innovations to other countries, according 

to Beise & Rennings (2004). Countries that have a high risk of environmental 

and climate accidents seem to show more interest in these questions. To 
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distinguish an environmental innovation, Beise & Rennings (2004) use the 

following definition: 

 

”Environmental innovations consist of new or modified processes, techniques, 

practices, systems and products to avoid or reduce environmental harms. 

Environmental innovations may be developed with or without the explicit aim 

of reducing environmental harm. They may also be motivated by typical 

business objectives such as profitability or the enhancement of product quality 

Many environmental innovations combine environmental benefits with 

corporate or user benefits.”  

 

In their paper, the authors identify something they refer to as “the double- 

externality problem”, which highlights the fact that environmental innovations 

benefit the environment and society, but are costly to the innovators. 

Environmental regulations are therefore important to encourage the innovators 

to invest in the development of eco-efficient innovations. The double- 

externality problem is illustrated by Beise & Rennings (2004) in two different 

cases. One of these cases concerns the wind energy industry. Both Denmark 

and Germany, which are considered to be the lead countries in Europe 

regarding wind energy, have implemented renewable energy feed tariffs 

(REFITs) and other incentives and privileges for renewable energy. Beise & 

Rennings (2004) concluded that in countries where REFITs and other 

regulations regarding wind energy are implemented, the development of the 

wind industry seems to be more rapid than in countries with other systems and 

regulations, even when the wind potential is high. Regulations and support 

programmes explain the success of the wind industry in Denmark. However, 

in the other case described by Beise & Rennings (2004), that of fuel-efficient 

passenger cars, people were willing to invest in this if it was at low or zero 

cost and market factors were more important and critical than environmental 

regulations. Beise & Rennings (2004) conclude that environmental regulations 

are an important factor, but that the market trends seem to be more dominant, 

at least according to their example with fuel-efficient passenger cars. 

4.5 Previous studies regarding smart grids 
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This part of the theory is based on empirical findings in published papers on 

different aspects and questions specifically regarding the smart grid. The purpose 

of this section is to investigate if there are any specific theories or details applied 

to smart grids that the authors might have missed or overseen in the earlier 

mentioned theories. 

4.5.1 A literature survey on smart grid distribution: an analytical 

approach 
 

The number of articles written about smart grids is increasing every year 

according to Cardenas, J et al. (2013).  This article mapped out and 

investigated all papers concerning smart grids written from 2008 to 2012 and 

claim that the increased amount of papers indicates a growing interest in the 

subject of smart grids. According to their study, empirical approaches such as 

case studies are often used instead of e.g. laboratory studies. This is due to the 

fact that smart grids as systems are difficult to follow in a controlled laboratory 

and therefore fieldwork is preferred. 

 

Their paper indicates that the best way to investigate smart grids, their actors 

and stakeholders is to do this at field scale and not laboratory scale. Most of the 

papers written about the subject have gathered information through empirical 

studies. 

 

4.5.2 Unlocking the smart grid 
 

The difficulties and dangers that surround smart products and meters in the 

household have been investigated and described by Rokach (2010) in 

“Unlocking the smart grid”.  Increased communication and information 

technology could be used for damaging or illegal purposes if it falls into the 

hands of e.g. different types of criminal organizations. In the USA, many states 

have banned smart meters due to the danger regarding abuse of the 

information. However, Rokach (2010) also highlights a pilot project in 

California where smart meters worked well and many users were able to lower 

their use load and in that way save money. Overall, Rokach (2010) points out 

that consumer attitude are the greatest challenge for smart grid implementation. 

There are also other aspects and challenges of importance that have to be 
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solved, such as problems regarding electric vehicles and temporary storage of 

green electricity. 

 

4.5.3 A business case for smart grid technologies: A systemic 

perspective  

Giordano & Fulli (2011) present a business case for Smart grids as a system in 

relation to the EU;  

 

“A systemic perspective aimed at establishing technical and economic 

synergies that may improve the business cases of individual different Smart 

Grid technologies […]“ (Giordano & Fulli, 2011) 

 

Among other things, this paper highlights and brings up the question of 

whether platforms in the smart grid should be open or closed. Giordano & Fulli 

(2011) claim that interoperability is fundamental and important to make it 

possible for new platforms to emerge. If the platform is open to anyone, it 

might attract new players and in that way create competition among the players 

that will drive development forward. However, fully open platforms might 

have some drawbacks and deficiencies as well. According to Giordano & Fulli 

(2011), some platforms might need regulatory control so that factors such as 

security and quality are ensured. Fully open platforms may make it easier for 

consumers to switch platforms and providers quite easily and in that case create 

value for competing platforms. However, Giordano & Fulli (2011) suggest that 

platforms with high control might benefit the controlling players in their 

leading and dominant position. A case study relating to charging stations for 

electric vehicles shows that it makes it less likely for customers to change 

platforms and providers if requirements and design are unique to fit. In that 

case, they choose to stay with their original provider. Giordano & Fulli (2011) 

also highlight the importance and necessity of active customers if the smart 

grid is going to succeed and emerge. They also show the possibility to create 

links to customers that are strong and encourage the active role of the customer. 

 

4.5.4 Electricity prosumers within the smart grid 
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Other researchers such as I. Lampropoulous (2010) has highlighted the 

importance of the behaviour of the producing consumer, the prosumer, as part 

of the smart grid and how it might be possible to forecasts needs and usages. 

Most of the forecasting techniques used today are based on historical data and 

used to identify correlations between e.g. outside temperature and household 

usage. By being able to forecast the load and integrate decentralized and local 

generators into the grid, it might be possible to reduce energy losses due to 

shorter distances. According to Lampropoulous et al. (2010)., this would be a 

major advantage  

 

There is a great variety in the research area of behaviour among individuals. 

With inspiration from Stern (1999), Lampropoulous et al. (2010) chose to 

analyze the behaviour among individuals, in this case prosumers, by using the 

different domains personal, behavioral and contextual. The personal domain 

covers for example basic values, beliefs, motives and feelings. The behavioral 

domain captures variables that affect the behaviour. The contextual domain 

relates to an individual’s background, status, social context and other attributes 

that affect the behavioral domain.  Lampropoulous et al.(2010) consider 

regulators and policy makers to be able to influence the behaviour among 

individuals in the personal and contextual domain by the use of interventions, 

such as incentives, institutional support and information. They also argue that 

producers have a higher level of motivation and understanding about 

technology and that intervention would be most effective if designed from the 

perspective of the consumer. 
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5 Findings - Swedish smart grid development 
The empirical material ended up in nine qualitative interviews with different 

key-actors that came from the categories and different subgroups.  

 

5.1 Incentives and motives 
Here follows the found incentives and motives divided in different aspects. 

 

5.1.1 Financial 
 

Today there are quite strict and tough demands on rules and regulations 

regarding a safe and stable grid. This is something that electricity 

companies have to take into account to avoid being required to pay fines 

and compensations when problems occur, according to EMI. Due to this, 

ABB told that they saw great incentives in producing and selling products 

and components to electricity companies that can help to build a safer and 

more stable grid. With these smarter products and components, UU also 

saw a potential in a more flexible use of electricity that would end up in a 

better pricing situation for all actors and stakeholders involved. This was 

also shown in the case of Holmen where they saw small possibilities in 

being more flexible in their use of electricity and in that way save at least 

smaller amounts of money, with the help of a smarter grid. 

 

At SHE they also saw potential in a better price situation and financial 

savings for the customers by using time-of-use power tariffs (which means 

that the price for using the grid varies during the day) and in that way 

encourage a smarter usage of the grid. 

 

UU highlighted the large electrical power consumers to be able to save 

money by peak shavings, which means smoothing out the peaks in the load 

and make it more stable, which leads to reduced margins concerning 

payloads. He said that this would also contribute to a better pricing of the 

commodity, which would benefit all actors involved. 

 

5.1.2 Technological 
 

SUST had a quite positive view of the technical part of smart grids. They 
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thought that products are getting smarter all the time and that it will not be a 

problem to solve the technical aspects of a smart grid. ABB also saw great 

potential and incentives in the fact that components get smarter and that the 

demand for these products is increasing. They also considered it to be a huge 

driving force if the development led to include not only electricity but also 

other energy sources such as heating, cooling etc. SHE also considered it to be 

a future incentive to include other energy sources than just electricity in the 

smart grid.  If electricity could be sold as direct commodities, such as heating, 

cooling, light, instead of just electricity, SHE thought this could create great 

price incentives and also reduce losses in the grid. The possible reduced grid 

losses with help of better components were also highlighted by EMI as great 

incentives. However, Vattenfall considered the fact that electricity is a very 

good type of energy as a great driving force. For them, the demand of a secure 

grid with high quality is an important driving force by itself. 

 

Today SGC are working for a more electrified transport sector with an 

extended charging infrastructure for these electrical vehicles, which they saw 

as an incentive.  Industrial and other technologies that focus on the 

environmental economics such as pollutions was something STUP hoped to 

see more of in the future and was considered as a driving force to them. 

Something that was highlighted by both UU and SHE was the ability to 

perform peak shavings using smart technologies. 

 

An increased amount and growth of local micro-produced electricity was 

something that EMI saw great potential in. It could lead to more renewable 

production and reduce the distance that electricity has to travel, compared to 

how it is today. According to them it might also lead to lower peaks in the 

boundary nodes and a more reliable production. 

 

5.1.3 Political and regulatory 
 

Due to the increasing population, standard of living and larger common wealth, 

UU did not consider the use of fossil fuel to be sustainable. According to UU 

the politicians know this and have therefore embraced the smart grid idea as a 
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possible solution or at least as a tool to achieve the different climate and 

environmental goals. Vattenfall also saw great potential in political 

environmental goals like the 20-20-20-goals and others. STUP talked about 

other political goals such as the discussion regarding the nuclear power in 

Sweden, whether it should be removed or developed in the future. They saw 

possible incentives in financial support from the government for smart grid 

development as a tool to solve and replace the nuclear power. The importance 

and possible incentive of financial support from the government was confirmed 

by UU as he considered the customer market, by itself, being too small and not 

enough of an incentive for the companies. 

 

ABB considered increased demands in regulations and requirements, set by the 

Energy Market Inspectorate (EMI), to be great incentives and driving forces 

because they force the electricity companies to continually improve and in that 

case invest in smarter components, delivered by ABB. EMI told that they are 

in the middle of developing and updating regulations and the revenue tariff for 

the grid distributors. The tariff has earlier been strictly objective but will now 

come to benefit distributors with energy efficiency within the grid. 

 

Related to this work are the revenue caps, and according to EMI the most 

prominent incentives related energy act and further grid development are (1) 

the efficient grid operation and also the aspiration for (2) reduced load in 

boundary nodes. The efficient grid operation incentive (1) has the purpose to 

reduce losses in the grid. The key-figure is current losses divided by total 

energy output, in Sweden this ratio is about 4%. Today these costs related to 

the grid losses are passed through by the grid operators to the end-customers, 

which makes current grid efficiency a non-relevant question for the grid 

operators. The new incentive is intended to change this attitude, due to the fact 

that the grid operators could affect the efficiency. To encourage an increased 

efficiency the grid operators have to pay for their losses, but in order to 

improve they can reduce their current cost related to this with higher grid 

efficiency. The other incentive (2) is to reduce the load in the boundary points. 

Reducing the differences between high and low load does this. The incentive is 
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based on the “load factor” which is the average load divided on maximal load 

on a daily basis. This factor gives a relation between how well the grid is 

utilized during a whole day. This incentive is new and the impact of it is 

unsure, and there are some contradictions regarding grid expansion that have to 

be further looked into. 

 

SGC told that their assignment and work, established by the government, 

extends about three months after the election, regardless of whether the current 

government would be replaced by another party or parties. This indicates an 

independent importance of their work, which is a great incentive for political 

work regarding the smart grid. 

 

5.1.4 Sociologic and psychological 
 

According to Vattenfall there is a growing demand of ”green” electricity 

among consumers. They also claimed that customers are getting more 

demanding and shows an increased will to use solar cells and be more 

environmentally conscious, which are great driving forces also. SUST 

confirmed this by telling that they have worked a lot with housing associations, 

especially in Stockholm, that have a great will and demand on having a “green 

and environmental profile”. In these households they also saw a growing 

interest in being able to control their own consumption and steer the load in the 

household. This is something that SHE has seen as well. Due to their 

demand/response-tariff customers have not only been able to move the load but 

also reduced the total usage with up to 7 %. 

 

Even though SHE considered the economic aspects to be more important than 

the environmental aspects to the customers, the surplus value of the 

environmental benefits should not be overseen. It could, according to SHE, be 

the factor that “makes or breaks” a case. SGC also thought that there are more 

incentives than just financial and economical. They draw a parallel to the 

Swedish recycling-system or handing out money for aid agencies. What 

incentives is underlying for that kind of action to recycle or handing out 

money? In SGC’s opinion probably not economical, maybe this could be 

something to strive for instead. 
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UU mentioned the uncertainty of peak oil and the current use of fossil fuel as a 

main source for power in a global perspective. 

 

ABB considered that as long as it exist a demand and a will to act smarter 

among the customers and the market, everything is possible. STUP proposed 

that this demand among customers and the market could be stimulated and 

encouraged by showing demonstration projects that give an accessible insight 

in how these sustainable and environmental friendly solutions work. A bigger 

transparency could initiate more incentives and help the development further 

STUP considered the communication in society as an important part. They 

thought that the Swedish population is knowledgeable but it needs more 

communication and sensible factual discussions regarding these topics. 

 

5.2 Barriers and contradictions 
Here follows the found barriers and contradictions divided in different aspects. 

 

5.2.1 Financial 
 

The financial barriers that have been identified as a threat to the smart grid 

development are many and widespread. They reach from pricing of the 

commodity and its related services, the necessary investments to continue the 

development and the customer or market liability. 

 

Because of Sweden’s geographic positioning and high grade of grid 

development regarding production, distribution and reliability there is a 

perceived lack of pricing incentives among the interviewees, especially among 

the companies represented such as Holmen, Vattenfall and ABB. This 

argument was also underlined by both UU and the SGC. The lack of electrical 

pricing incentives makes the price on electricity seen as price-worth and 

reliant. The small or no variation regarding pricing between high and low load 

demand does not add up to an incentive. 

 

This makes heavy energy consumer industries as iron or papers mills not 

willing to invest in increased flexibility according to Holmen. Another 
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experience of the lack of pricing incentives was explained by Vattenfall and 

their project Smart Grid Gotland where the industry has chosen to not 

participate because of second-to-non economic incentives. 

 

The technologies related to the smart grid concept are many, and there is an 

ongoing research and development regarding these technologies both from the 

industry and academia. The different actors experience this development as 

very costly. Vattenfall for example told about their collaboration regarding 

batteries with Uppsala University. The relation between the academia, industry 

and government regarding research and development are complex. STUP told 

that they are totally reliable on governmental funding, but they were not 

certain if the government can fund their continued work. This could lead to 

that they have to rely on external finance from the industry which could 

impact on their independency and what different areas they work in. STUP’s 

experience with industrial funding was that they do not want to invest in 

research with unsure profitability in reasonable, which means this could 

definitely harm the projects with high uncertainty. 

 

A smart grid development is a large-scale project, something that all the actors 

found as a common opinion, and they were very humble towards such a 

complex issue. The common opinion among the visionary actors such as ABB, 

SUST and Vattenfall was that the technological aspect is not the biggest 

contradiction. This was also supported by the academia and public key-actors, 

which considered that the largest issue was probably the financial. 

 

UU said that the required investments, besides the annual that are being done, 

are not worthwhile from the owners’ point of view. According to him, the grid 

is already under an ongoing development, and has been that since its start and 

the investment required to “smartening the grid” are rather big. Both 

SUST and UU talked about grid development as “business as usual” because of 

the ongoing improvement of the grid, this development should not be stressed 

too much. 
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Further on, EMI expressed a similar point of view regarding these kinds of 

barriers. They said that it hopefully would be sorted out now when the new 

regulations will give bigger incentives for the actors to make necessary 

investments in the grid. Regardless if these investments are “business as usual” 

or absolute necessary, the regulations have an important role and are currently 

undergoing a legal process. 

 

The complexities regarding grid investments are many and SGC underlined that 

this could lead to a further debate. In the future when the grid possibly can 

smooth out the peaks between high and low load, benefits from this could be 

less technological wear on components, better pricing and so on. Therefore 

many actors will reap benefits from this. But if not all actors have been a part of 

the necessary investments to make this happen, this could lead to a “free- rider 

problem”. 

 

Regarding investments, SGC considered it important to mention that these 

investments could not be seen as isolated acts on a national level. The 

investments reaches a European and northern context. Vattenfall and The Smart 

Grid Gotland project experienced the same issue, where the mainland 

connection became a contradiction to the continued installation of intermittent 

and green energy because it was not big enough. This kind of large and long- 

term development investments are often complex to calculate for, because the 

components related to it often is hard to estimate how long they will work. EMI 

told of their experiences that components last as long as 1½ of their estimated 

lifetime, and the grid owners do not want to switch costly components that work 

fine. 

 

As mentioned earlier, both ABB and UU thought that technical aspects are not 

barriers of relevance, but the financial aspects are. Further it is a question if the 

market is mature for this development, both regarding end customers and the 

industry. 

 

ABB pronounced that their largest incentive as a distributor of smart grid 
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components or technologies is the market and its customers. In other words, if 

there are no customers who want their solutions or components there will be no 

further development. 

 

Compared to what ABB said, Holmen is a large user of electricity that actually 

could possibly reap benefits from smart grid technologies but as for now they 

does not see a potential and possibility to alter their consumption. Most of all 

they thought it would cost too much to modify their production and that it 

would lower the quality of their products. 

 

The uncertainty of intermittent power production is not welcomed by the 

energy intensive industry. Further, UU underlined that this uncertainty has 

made Denmark, who has much installed wind power, to have problem with the 

demand-supply relation towards the market, which in the end has forced them 

to sell underpriced power. 

 

5.2.2 Technological 
 

As mentioned earlier in the financial barriers, the technological barriers are not 

seen as the most prominent opposing force, ABB even gave the expression that 

if there only is a marketable demand they can solve it. 

 

Both UU and SUST thought that a large technological barrier might be that our 

grid works either perfect or “more than just ok”. The availability reaches 99% 

percent in the transmission grid and the citizens have about 5-6 hours of 

interruption or downtime every year according to UU. The Swedish inhabitants 

have no lack of electricity and more than 99% of the Swedish population could 

have as much electricity as they want whenever they want. Beside this Sweden 

is a net producer with good and carbon free electricity surplus that could be 

exported to other countries. A lot of this is thanks to the reliable production from 

nuclear and hydropower, according to UU. 

 

A challenge, given that Sweden is usually a net exporter of electricity, is that 

there could be a slow development of phasing out the nuclear power and 

replacing it with intermittent renewable energy sources. SGC have suggested to 
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replace this with an expansion of 50TWh intermittent power, which could be 

managed in the future smart grid. But this idea encounters much criticism and 

SGC believed that this scenario probably lies far in the future. 

 

But SGC said that with various certificates the use of wind power would most 

likely be extended. This might lead to that hydropower is not able to regulate 

the total intermittent production of electricity. UU believed that the Swedish 

ongoing installation of wind power is not an issue if it is possible to avoid 

Denmark’s problem and use the installed power. As mentioned in the financial 

barriers, they have problem with the demand-supply aspect of intermittent 

power. Further it is underlined to have in mind that the energy efficient 

purpose of smart grids could be undermined with increased losses in the grid 

due to overload, a risk that is higher with more volatile power production 

sources such as wind or solar power. Another barrier that was mentioned by 

both STUP and UU is that more intermittent power such as wind and solar are 

dependent on geographical positioning. 

 

When it comes to intermittent sources, SUST did not see the production as a 

challenge but rather the steering, an argument that was also underlined by SHE 

and STUP who pointed out that the future grid challenges are questions about 

how to configure and set it up rather than strict technological. 

 

Today the grid is designed to have few and big producers and the electricity 

only travel one way. One would say that the power production is centralized 

and running down stream. This would have to change in a smart grid according 

to most of the actors. It is thought that the small-scale production will increase 

and the surplus will be sent upstream towards the larger grid. The phrase of 

going “off-grid” has been mentioned from various actors and SHE’s CEO 

thought that this probably will be a possible future scenario. The Off-grid 

concept means that users could be disconnected and self-sufficient regarding 

power over a specified time domain. 

 

However, the experience is that the discussions today about wind and solar 
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power often leads to wind and solar parks rather than small local producers, 

which both have benefits and disadvantages according to SUST. As mentioned 

earlier, an experience from Smart Grid Gotland is that the mainland connection 

was not good enough so the wind power had to be shutdown to avoid 

overproduction instead of transporting the surplus to the mainland. Vattenfall 

also experienced challenges in the control of the low-voltage grid. 

Many of the regulations given from EMI affect the grid’s technological 

development and its related environment. The two most prominent regulations 

regarding this in the energy act are mentions as regulatory incentives – the 

efficient grid operation and the aspiration for reduced load in boundary points. 

But it is possible that these two incentives could antagonize each other. 

 

An expanded local energy production could lead to lower peaks in boundary 

nodes and a more reliable production due to shorter transport distances, which 

is desirable. But, on the other hand, more local production might also result in 

lower efficiency, as seen in Gotland where they had to shut down the wind 

power to prevent overload. It also has to be kept in mind that fluctuations in the 

grid inflict a higher degree of losses as mentioned by UU. This could lead to a 

problem with a lower utilization and load factor due to local production. It is 

also important to keep in mind which local power sources that are used. For 

example hydro power that is much more stable and easier to regulate than wind 

only accrues in different areas of Sweden. 

 

With a smarter grid that could handle two-way traffic and much more, the 

aspect handling information is accruing. Vattenfall, SUST and SGC mentioned 

this issue. Monitoring and using consumer data considering usage and 

consumption of electricity will affect the privacy. Further, the technological 

risk with smarter components regarding intrusion and manipulation of data was 

mentioned by SUST. 

 

The smart grid requires some enabling technologies such as Wi-Fi, Smart 

phones etc. Most of these are taken for granted but Vattenfall’s experience 

from Gotland retells that this can be a problem for some households where 
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there were lacks of technologies. 

 

As mentioned earlier, the storage of electricity is an on-going work in progress. 

Vattenfall and Smart Grid Gotland are currently collaborating to find a 

solution. SUST thought that batteries are very important components for the 

future smart grid concept because they would help to smooth the transmission 

in the grid. But as for today, SUST did not consider the batteries as an option 

due to the fact that they are too expensive and impossible to finance with 

current business models. This also makes the “dream of the electrical vehicle“ 

very doubtful, according to SUST. In their opinion it is just too expensive. 

 

Technological barriers regarding innovation and interfaces between different 

users or providers were also mentioned. For example SGC mentioned ABB as 

a very important actor for the technical products regarding the smart grid 

development. However, ABB do not use an open interface and this makes it 

difficult for small businesses companies to be innovative and engage 

themselves in the ABB products. How to get these smaller businesses into the 

demonstration projects is an ongoing discussion right now. It is important to be 

open considering innovation so that small actors also can join and compete 

against the major established actors. 

 

5.2.3 Political and regulatory 
 

With experience from meetings and interactions with political, regulatory and 

industrial actors, EMI considered that one of the most prominent barriers 

towards a Swedish smart grid development is the lack of incentives for the 

industrial actors. This is something that EMI try to solve in their current work. 

By developing and establish new regulations with clear incentives and driving 

forces, EMI hope to attract the industry and make the companies more willing 

to work towards a smart grid. This lack of current incentives was of great 

relevance for Holmen, as they explained that the current price regulation is 

much higher for wind power than for nuclear power. Due to this, the nuclear is 

very beneficial and today there are extremely small incentives for a large 

electricity consumer like Holmen to for example change from nuclear to wind 
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power. The monopoly, which determines and controls the Swedish power line 

grid, is something that Vattenfall considered creates contradictions for a smart 

grid development in Sweden. It was explained by SGC how these problems 

originate in the revenue caps and regulations that are set by EMI. According to 

SGC the power line grid owners consider the revenue cap to be too tight and 

low, which make it impossible for them to afford smart investments in the grid. 

Changes and new conditions regarding the revenue caps were according to SHE 

of highest relevance and importance for future investments in the grid. Possible 

future technological investments and changes in the grid could be the 

integration of storage like batteries. These investments were discussed by 

SUST and they saw some technical potential bus also challenges and 

contradictions when it came to regulations. The storage of electricity would 

according to SUST create a discussion about who would be allowed or not be 

allowed to store and trade with electricity, especially due to the fact that power 

line grid owners are not allowed to do this today. 

 

The question whether the smart grid should be seen and considered at national 

or international level has been discussed by many of the interviewed actors. 

This is something that becomes especially important regarding import and 

export of electricity. Trading at an international level might have many benefits 

for Sweden, which is a country with more export than import on average. 

However, STUP highlighted that this could create great dependency of other 

countries, which can be good in many ways but also lead to challenges and 

conflicts. 

 

With “energy friends” in countries such as Germany, the capacity markets will 

begin to emerge according to SGC. This means that there will be a growing 

market of back-up power plants that costs money but are only used when 

needed. This kind of reserve power plants that needs finance could twist the 

principals of a free market and there is a concern when these should be used or 

not. Even though this is a discussion that is related to the whole market, SGC 

considered it to be of great importance for the smart grid discussion and needs 

regulations that cover the problem. 
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5.2.4 Sociologic and Psychological 
 

Three of the interviewed actors could identify and explain barriers and 

contradictions regarding the sociological and psychological aspect of smart 

grids. At ABB they considered the electricity market to be kind of conservative 

and old fashioned in general. According to them, there is a fear and a 

skepticism considering an extended communication in the grid, which might be 

difficult to overcome. This fear and skepticism is something that STUP also 

had experienced in their work while interacting with different actors. The 

doubts are often focused on the renewable energy sources and highlight its 

shortcomings and STUP considered that this makes people to lose their vision. 

 

In an earlier meeting that had been held with Fortum and STUP among other 

participants, STUP told that the CEO of Fortum explained that from their point 

of view, smart grid is not a technological problem. Instead it is all about the 

attitudes related to it. And this goes for both consumers and politicians. In the 

interview with ABB, they pointed in the same direction, explaining that they 

thought it will be difficult for smart grids to emerge in Sweden as long as there 

is a lack of demand and no need among the customer side. And right now they 

did not consider it to be a customer market for smart grids in Sweden. 

 

The fact that Sweden is a country with a non-carbon electricity production was 

according to SUST something that might prevent a growing demand among the 

customers due to the fact that “it is quite OK as it is right now”. In a global 

view, SUST considered that it might be a better idea to invest the money in 

other countries where the situations are a lot worse. 
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6 Analysis of the empirical findings 
This sections covers and analysis of the theoretical framework and the 

empirical findings addressed to the research question:  

- What incentives and barriers can be identified regarding a smart grid 

development in Sweden? 

The analysis will investigate if the empirical findings correspond or contradict 

to the applied theory, and also why or why not. In order to highlight chosen 

aspects the analysis has been divided in to different sections.    

 

6.1 Financial aspects 
 

The financial aspect of a smart grid development has been pointed out as 

possibly the most important factor to either aid or counteract the development 

by the actors. Common opinions that are considered to be of importance are (1) 

the pricing of electricity, (2) uncertain investment conditions and (3) the 

liability of the market. These three factors overlap, interact and are sometimes 

hard to distinguish from each other, but the overall view is that they are of 

relevance and will impinge on the smart grid development. 

 

6.1.1 Pricing of electricity 
 

The first opinion that the pricing of electricity is a barrier has been derived 

from the technological aspect that the ruling Swedish power market, 

considering demand and supply, already works very well. We got as much 

electricity as desired whenever we want and at a good price. This has been 

mentioned by UU and is in general a shared vision among actors such as ABB, 

SUST and Vattenfall. The fact that Sweden has a good and efficient 

combination of power sources with the hydro power as an important source has 

done that the Swedish pricing is very good according to the interviewed actors 

and is also underlined by figures looking at the Swedish energy export. Both 

Holmen and UU think that the current pricing is “too good” to hurry the smart 

grid development further. Something drastic has to occur, like peak oil or a 

political decision like Germany to reject or channel out the nuclear power, if 

the realization shall happen faster. Because of this it is construed that the ruling 

value conditions considering “good” pricing of electricity is at present higher 
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than the value of large parts of the smart grid concept in general. 

The importance of electricity pricing as an incentive or barrier can be argued, 

but by looking at Marx theory of value and money specifically as the most 

common value form and most easily prominent value-form in a capitalized 

society this is considered to be of importance. Further, the equation between 

electricity as a commodity in terms of quantity and quality, compared to the 

price, seems to be beneficial in Sweden according to these actors. The ruling 

conditions are appropriate. The value transition from money to different 

necessities provided by electricity such as light, heat and much more are a 

working system or chain of events. It has to be taken into account that 

electricity is a commodity that is different from many others because it cannot 

be stored. It has to be balanced in the relation between supply and demand. 

Another thing that makes electricity special from many other commodities is 

that it can be considered as a fundamental brick stone in a modern society. 

 

6.1.2 Uncertain investment and financial conditions 
 

It is also experienced that the ruling investment or financial conditions might 

be an aspect of relevance to smart grid development. This is due to the fact 

that EMI strive to encourage grid reliability and sustainability with further 

regulations and that SGC says that it is needed national, international and 

border exceeding investments to make the smart grid concept possible. In the 

future when the grid is expected to handle two-way traffic (electricity) and 

information (IT) it will be needed investments as well. 

 

SGC see a possible threat in a so called “free-rider” situation, which could be 

relevant if these investments plans are fulfilled. These phenomena could be 

seen in Gotland where the main-land connection was the reverse salient to 

become self-sufficient from green intermittent power. Which actor’s 

responsibility is it to ensure that this connection is dimensioned so that the 

surplus from Gotland’s power production could be exported to the mainland? 

And further, is there any demand for it in the main land? This type of 

uncertainty could be further expressed in the possible future of a reserve power 

market, but who will then pay for having power plants in standby? These might 
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be considered as future financial reverse salient to smart grid development. 

6.1.3 Liability of the market 
 

These aspects of uncertainty also affect ruling research and development 

regarding smart grids. It is mentioned by ABB that they will produce whatever 

the market demands and because of this, the products related to smart grids are 

highly affected by the market. It is not exaggerated to say that the demand- 

supply relation is ruling for industrial companies. But governmental funded 

research is experienced to ease research financial uncertainty according to 

STUP. Something that could be very relevant to future technologies embedded 

in the smart grid concept is the development of price efficient storage- 

possibilities for electricity. This is currently academically based in a large 

extent. Uncertainty could possibly be related to what type of invention or 

innovative roll the different actors have and what kind of entrepreneur they are. 

 

The liability or market risks with new technologies are explained by both 

Hughes (1987) and Barton (1988). It is argued that the pattern of evolution that 

inventions and innovations are two separate things and includes different types 

of entrepreneurs. From this perspective it might be possible that the academia 

and industry have different types of roles regarding (technological) 

entrepreneurship. The academia could be seen as the inventor entrepreneur 

making technological and development decisions – realizing the invention. The 

other role of entrepreneurship seems to be embraced by the industry in a larger 

extent, which is the role as manager- and/or financial entrepreneur which 

purpose in general is to commercialize and financially capitalize on the 

invention. Hughes (1987) also underlines that most of the inventions, from a 

historical point of view, started out as failures or shortcomings and that the 

possibility of success might be bound to the inventions character – radical or 

conservative. 

 

Barton (1988) examines what happens when new technologies are 

implemented into an older system. This gives an explanation to the initial 

economic losses, which could be because of unfinished development. The 

magnitudes of the losses are suggested to depend on how well the new 
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technology fits with the current system and also how prepared and motivated 

the stakeholders are to participate and be a part of the change. A smoother 

change or adaption would help minimize these. It is thought that these aspects 

differ between the academia and industry and their different roles. The industry 

have a much shorter cycle time to their market compared to the academia who 

conducts independent “long- term” research.  

 

There are some financial arguments that push towards the smart grid 

development, especially governmental, but the experience is that they are not 

big enough to encourage to any radical changes from the ongoing development 

today. Further there is some uncertainty which actors are obliged to do certain 

investments regarding the development on a system level. Last but not least 

there is also some uncertainty regarding what is profitable in the smart grid 

concept, the actors financial and entrepreneur roll in the financial part of smart 

grids seem to differ. 

 

6.2 Technological aspects 
Smart grids could definitely be seen as a set of various technological systems. 

The question is which or what the level of analysis should focus on – what 

technological artefacts, components and subsystem belongs in the smart grid 

concept and how wide-spread is the concept? There are multiple definitions 

what smart grid is, and the thesis rely on the one proposed by the European 

commission (2010):  

 

“A Smart Grid is an electricity network that can cost efficiently integrate the 

behaviour and actions of all users connected to it – generators, consumers and 

those that do both – in order to ensure economically efficient, sustainable 

power system with low losses and high levels of quality and security of supply 

and safety” 

 

This definition talks about smart grid as an electricity network that take into 

account users in terms of behaviour and actions, the generators and distribution 

within the network to ensure a sustainable and efficient supply of electricity.  
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Seen through this lens, it is considered that the technological aspects of the 

smart grid concept are indeed a question of technological style. There are many 

different technological solutions or pathways that can be taken to pursue a 

smart grid realization. This might possibly give a hint why Cardenas J et al. 

(2013) suggest empirical studies instead of laboratory studies of smart grids. 

The number of possible solutions in terms of setup regarding artefacts and 

components is infinite, like Marx’s (1867) theory of value combinations an 

ever growing mass, underlining why the concept cannot be fully tested in a 

laboratory environment. Therefore the analysis of a technological system of 

this degree will fail on its shortcomings even before it has started due to the 

complexity. Based on what has been said during the interviews a chronological 

path has been chosen, starting with the production and ending with the 

consumer aspects. 

 

6.2.1 The means of electricity production 
 

According to the Swedish Energy Agency (2012) the Swedish production 

consists to a large part of nuclear and hydro power today, which are both large 

and centralized production sources necessary for Swedish electrical 

consumption and also for the export of electricity. According to many of the 

interviewees such as SUST and UU, Sweden are fortune to have the 

geographical possibility to have hydro power as a balancing power source, 

something that also is underlined from SE (2012) and a great cause why 

Sweden had such a good year electrical- wise in 2012 where new records were 

set such as total production, production from wind power and net export of 

electricity. 

 

In general as for today Sweden has in a large extent a centralized production, 

most of the power come from large plants. But the experience from UU, 

SUST, EMI, SHE and others is that the interest for micro or small-scale 

production is growing. Seen from a system point of view this could have 

different technological impacts. The centralized production is, according to the 

theory of scale mentioned and questioned by Hughes (1987), in terms more 

efficient. A centralized large-scale production is more efficient than many 
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small ones depending on variables such as time and money. But this argument 

is questioned because of the so called load factor which also is explained by 

Hughes (1987) and mentioned many of the interviews in different contexts 

(SHE, EMI, UU, ABB, SGC etc.). The load factor has to be adequate to its 

purpose according to Hughes, meaning that large fluctuations inflict losses 

which are reflected both through lowered efficiency and increased wear on 

components. Many of the actors have underlined the importance of hydro 

power as balancing power source because of the possibility to adjust output to 

be appropriate to the load factor.  

 

When new intermittent power production sources are introduced to this 

existing system, it impacts on the total load factor and also the utilization 

mentioned by EMI. The diversity of production is mentioned by Hughes 

(1987) as way to optimize current power production sources. He illustrates 

how Germanys coal driven power plants diverged and incorporated hydro 

power as early as the 1920:s to optimize their market mixture. The pattern of 

diversity could also be seen as a way to spread risks within the system its 

operators. This could be one explanation to the growing interest for small-

scale or micro production. 

 

According EMI, working with regulations is a consistent work of tuning the 

system towards ruling demand and legislations. Hughes (1987) would argue 

that this is an ongoing pattern of constant adoption towards the systems 

environment, because of the small magnitude of the changes. Looking at new 

intermittent power sources is rather a question of technological transfer, new 

technologies that will inflict new requirements on the system, i.e. the 

uncertainty of when the power is produced, the availability and much more. 

These types of transfer also expose new reverse salient within the system as 

seen with the experience from the wind power situation in Gotland. This will 

be discussed later in the distribution part of the technological system. 

 

The history reveals that London, Paris, Berlin and Chicago during the 1920:s 

had different technological styles and setups regarding the electrical system. 
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The biggest differences was not the total output or consumption, the biggest 

differences was in how it was produced and distributed, i.e. London possessed 

about fifty smaller plants and Berlin had about six. The reasons for this are 

many, probably infinite, but the main aspects were according to Hughes (1987) 

the political ones. Germany believed in a centralized production and Londoners 

embraced the power of local production. Again this reminds us that the chosen 

path for production is rather a question about style considering time and 

environment. 

 

Whether to have a centralized power production or not cannot be fully sorted 

out in this thesis. The largest mentioned technological barrier according to 

both SUST, UU and ABB is possible the fact that Sweden has a good 

electricity system - it is adequate to the system requirements and further the 

utilization of the production have been rising thanks to larger shares of export 

as seen in the SE annual report from 2012. The incentives given from EMI 

regarding utilization and efficiency encourage local production could 

minimize loss through better distribution. But this could be undermined 

because of lack in demand of produced electricity at the given time and 

environment. In other words the technological style for local production means 

has to be adequate to these depending variables “time and environment”. This 

could be problematized further with the uncertainty of intermittent power 

production. In some specific cases it might be possible for some regions to be 

self-sufficient regarding their electricity demand and production. Given the 

complexity of electricity as a commodity that cannot be efficiently stored, this 

region has to rely on a surplus that has to be exported to other regions or else 

the utilization and efficiency level would decrease. 

 

6.2.2 Distribution of electricity 
 

The distribution is a vital part of the smart grid concept and should not be 

overseen; the UU mentioned that a bad distribution system could undermine 

the whole concept of smart grids. The quest to utilize the grid optimally could 

be pursued in different ways, given that longer distances inflict bigger losses 

and higher risk of disruption the encouragement for local production by the 
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EMI is very much welcomed. The EMI uses key figures regarding distribution 

such as grid efficiency, which is grid losses divided by total output. In Sweden 

this ratio is about 4%. But since total output is not the only factor for grid 

efficiency, the EMI also look at the grid length, given the risks for disruption 

and increased losses. One could make the argument that the grid with its 

boundary points is a system of its own. 

 

As mentioned by Cardenas et al. (2013) it is hard to determine how the 

growing trend with small local production could affect the grid. SHE believes 

that the new electrical system will affect new roles, i.e. they thought that it is a 

highly possible that their role as a producer, distributor and provider of 

electricity might change towards a coordinator. The concept of temporarily 

going off-grid has been discussed, something that might seem strange in a 

Swedish context. But according to Shalid, S.M,  (2009),   it is estimated that 

two billion people worldwide live without a grid connection today, which 

makes the stand-alone power systems very interesting. These are often made of 

combinations of different renewable power sources and referred to as remote 

hybrid power systems, and possibly one day these could become a part of the 

western electrifications system to share light on the off grid concept. The 

possible future regarding the off-grid concept lies within the user-value, if the 

market thinks this value is big enough, compared to the most common value-

form money, it will probably pursue this concept. 

 

The grid could be seen as a vessel for electricity. There are different 

dimensions of this vessel depending on its purpose – how much and far it has 

to transport the electricity. More intermittent power means more fluctuations 

for the vessel and increased losses. But EMI think that Sweden has good 

conditions regarding the grid infrastructure because of the sizing for cold 

weather. This could help succeed with challenges to incorporate more 

intermittent power sources or installing charging infrastructure for electrical 

vehicles. SUST on the other hand thought that the dream of the electrical 

vehicle is not possible today, mainly because of the expensiveness of large 

scale storing for electricity, it not feasible. But also because of the lack of 
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charging infrastructure. In other words the user-value of storage as for today is 

not equal to its required money-value. This argument is strengthened by 

Vattenfall and their experience from smart grid Gotland. They thought that 

efficient storage would have been very beneficial and helped the project a lot. 

 

As for today it seems that the Swedish grid is good enough to its purpose and 

not such a big reverse salient that its worth to invest in scanty storage 

solutions or other radical changes. The grid development are mentioned as 

“business as usual” by ABB, SUST and UU. The experience is that some of 

the representatives have different opinions about the grid, but in general they 

think that the grid is good. Some actors talk about the grids future purpose 

including two-way traffic, monitoring, and much more. They say that 

investments are needed, however the timeframe for these types of demands 

are highly uncertain, also who will obliged to these. It seems like the concept 

of peak shaving, is very welcomed by all actors, but how or whom should do 

this is also uncertain. Some skepticism about peak shaving was experienced 

and the introduction of more intermittent power parallel to it seemed to 

antagonizing. This problem could be minimized with more technological 

solutions but as for today these where considered too expensive. Another 

welcomed incentive to encourage grid development was the increasing 

reliability of the grid, mentioned by both ABB and EMI. 

 

The technological aspect of the grid development towards the smart grid 

concept is experienced to be a question of its purpose. As mentioned, most of 

the actors seem to think it is good, UU and SUST made the statement that it is 

almost perfect. But on the other hand actors such as EMI and SGC saw 

shortcomings in it, especially related to its future purpose. Whether one actor is 

more accurate or correct in their opinion about the grid is hard to determine and 

not this thesis’ purpose. The different opinions are probably affected by which 

actor that is asked and how they look at the grid. By looking at the grid as a big 

and quite complex system of its own might explain why there could be some 

inherent inertia towards big changes. The system has an own technological 

momentum. Therefore the theory of mutual adaption between stakeholders 
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such as grid users and owners could be necessary for continued development. It 

might be more relevant to examine if the ongoing adaption is up to phase 

regarding the rest of the smart grid concepts development or not. 

 

By looking at the magnitude of the grid as a system that is the interface 

between power production means and consumers, it could be argued that it is 

easier to adapt smart grid technologies to the current grid, than vice versa. The 

truth is probably somewhere between these strategies, grid modification versus 

modification to grid. But actors such as SUST and Vattenfall were keen to the 

“small devices” adaption and extended usage within the smart grid concept. 

 

6.2.3 Consumption 
 

The consumption or consumer part of the technological system is represented 

by Hallsta Paper Mill who can be considered as large electrical consumer due 

to their daily usage (200mW/day). They had a strong believe in the flexibility 

part and the concept of peak-shaving, but as for now, the smart grid is not 

beneficial for them. There are many other, not smart grid related, things that 

could be sorted and of big aid to their business first. 

 

But SHE has seen a change in the consumption, since they introduced their 

power based tariff to small, non-industrial, consumers for electricity. It has 

been lowered by 4-7%. The technological benefits for this are a greater 

utilization in terms of reduced peaks between high and low usage. This is 

predicted to lower the wear on components. 

 

Many of the discussions regarding electrical consumption have ended up in the 

subject of how much should and could be monitored without intruding on 

customers integrity. As mentioned by Rokach (2010) there are some risks and 

experienced resistance towards being monitored, the information could end up 

in wrong hands and be exploited. This fear has grown so strong in parts of the 

US that the changes to smart meters have been voted down. The author of the 

article points out those attitudes among customers is the single greatest 

challenge to the smart grid. Whether this is righteous to say or not is hard to 
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determine but the SGC think it is important to have in mind that these attitudes 

could be geographically-bound – in Sweden there has been a smooth transition 

to smart meters and no harsh attitudes. 

 

The technological aspect of the smart grid concept is about how to solve 

technical challenges within, and related to the system. There are many 

different technological and complex pathways in a system of this magnitude 

which makes it hard to determine which is better or worse, right or wrong and 

so on.  There is a great belief in Sweden and new technology to solve the 

technical challenges; the experience is that the technological attitude and 

enthusiasm seems good. 

 

6.3 Political and regulatory aspects 

As shown in the empirical findings, many of the actors have thoughts and 

opinions regarding the political and regulatory aspects of the smart grids 

development. Something that might be paid attention to is that it does not differ 

that much from the different key-actors, no matter what kind of actor they are 

and which category they were placed in. It seems to be a lack of political 

regulations that would benefit and encourage consumers to use smarter more 

environmental products and electricity. Producers and distributors also 

experience that for now it is too small incentives to change their way of work 

and that they would get encouraged with better political regulations. This 

opinion is also shared by EMI, who are the ones that determine and control 

these regulations. Both industrial, public and the academic interviewees share 

the opinion that there is a lack of beneficial regulations.  

 

6.3.1 Regulations regarding Smart grid development  
 

All actors seem to share the opinion that the lack of incentives is something 

that is preventing the development and acts as a barrier. At the same time 

however, these actors also seem to be quite positive, expectant and see great 

potential in increasing regulations that could benefit more environmental 

investments and smarter choices. For instance, both industrial and public actors 

considered smart grids as a tool to achieve both national and international 
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environmental goals.  

6.3.2 Political interests regarding Smart grids 
 

The discussion regarding the smart grid is considered to be of high importance 

in political manner. The SGC pointed out that they are an independent 

organization and that their work is not influenced by the political wing of the 

sitting government and will therefore continue no matter what. .  

 

Also EMI told that they are currently working with revenue caps and tariffs 

that will benefit a smarter and more energy efficient grid in the future, which 

will help enable smart grid development.  

 

Both of these statements indicate that the discussion regarding smart grid in 

Sweden will develop and increase in the political sector. 

 

6.3.3 Similar cases of environmental innovations in other countries 
 

Beise & Rennings (2004) show how environmental innovations often are 

contributing to the public good but often are more expensive than “regular” 

innovations, and the ones that often get to carry the cost are the innovators or 

the users of these innovations. When politicians have established regulations 

that favored these kinds of innovations it has been found that it might turn out 

to be very successful. This is exemplified in the paper regarding the wind 

power in Denmark, where the government instituted renewable energy feed 

tariffs (REFITs). The REFITs might have led to a more rapid development of 

wind power compared to other countries with the same good conditions. By 

this, Denmark developed a lead market for wind power equipment that could 

be exported to other countries which is beneficial for both the country in its 

industry. It can be very conceivable that this would also be the case of Sweden 

and the smart grid development, especially with companies like ABB who 

already exist in several countries and have a large export, according to their 

website (http://new.abb.com/se/om-abb). According to Beise & Rennings 

(2004) these regulations and governmental financial support can be costly in 

the short-term but might develop to a win-win situation in the long-term, 

which is shown in the lead-market that occurred for the Danish wind power. 

http://new.abb.com/se/om-abb)
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6.3.4 Economical benefits of environmental innovations – “Does it pay 

to be green?” 

 

It seemed that many of the key-actors were hesitant that anybody wants to 

make unordinary and extremely expensive investments that might be necessary 

to speed up the realization of a smart grid. It is possible that many actors might 

have difficult to look at the long-term perspective and are more hung up on 

short-term profits. Ghisetti & Rennings (2014) have investigated innovations 

in Germany and whether it “pays to be green” or not. They conclude that it 

pays to be green regarding innovations that lead to a reduced use of energy and 

recourses, but it does not pay to be green when it comes to innovations that 

reduce noise, soil pollution, water, air and other externalities, at least not in the 

short term. This could however, according to Ghisetti & Rennings (2014) 

change if environmental regulations became improved and more beneficial. If 

there were changes in the regulations, like the ones that EMI are working with 

right now, perhaps that could make the key-actors see the big investments as 

long term opportunities rather than short term costs. This could eventually lead 

to a smarter development of the grid in Sweden. 

 

Although political regulations are requested and there is much credence to 

them, Beise & Rennings (2004) point out that the market trends and demands 

seem to be more important and dominant factors than regulations. They 

exemplify this with the case of fuel-efficient cars and this also confirms what 

many of the key-actors, especially from the industry category has said. 

 

6.4 Sociological and psychological aspects 

Key-actors from all groups seem to have identified a trend of environmental 

awareness among customers. SHE described how their customers managed to 

not just move their load but also reduce it by 7% and according to SHE this 

was due to an increased environmental awareness among the customers. 

Vattenfall had also seen this awareness and talked about a demand of green 

electricity among household consumers. 
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6.4.1 Financial incentives and awareness 
 

What SHE and Vattenfall had seen is also described a in both Stern (1999) and 

Heberlein & Baumgartner (1985) and may be explained by their findings. Both 

of these articles have investigated what happens when time-of-use pricing 

systems are used and what it is that motivates consumers to change their way 

of using electricity. Both papers conclude that financial incentives are 

important. However, the size of the financial benefit seem to be irrelevant as 

long as the incentive exist and that there is clear information that create 

awareness and tell why it is important to act different. The moral obligations 

seem to be more important than big savings, which might explain the growing 

demand of green electricity that Vattenfall described. But SHE explained that 

they had experienced that the financial aspects were more important than the 

environmental, which contradicts both papers. Although SHE considered that it 

was important to not oversee the surplus of the environmental awareness 

because it might be the thing that makes or breaks the case for their customers. 

Because of their reduced total load by 7% the information and environmental 

incentive seem to have played an important role among the customers, which 

also confirms what is described in Stern (1999) and Heberlein & Baumgartner 

(1985). STUP considered that demonstrating pilot-projects was something that 

could be useful to provide information about environmental friendly solutions 

and in that way contribute to more awareness. Also Stern describes the value 

in spreading information and make people more aware of the possibilities and 

impact of a different usage of electricity. 

 

6.4.2 Value in being green 
 

In addition to the household consumers, SUST also described that many 

household associations in the cities want their houses to have a green and 

environmental profile. They see great value in investments such as solar cells 

and technical components that increases the ability to steer and control the 

consumption. Instead of only following regulations and do what is expected, 

these associations are showing a will to strive for improvement driven by self- 

will and internal goals. This is something that could be referred to from 
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Leonard-Barton (1988) and her opinions about mutual adaption of technology 

into organizations. According to her, there might be many advantages and great 

gains when an implementation of a technology into an organization, or in this 

case a society, is driven by both producers/innovators and users. 

 

In this particular case, the interest among the household associations might be 

good ways to aid a smart grid development. It will both help associations to 

achieve their internal goals and at the same time meet the innovators halfway 

by bearing a part of the investments. This might also help see the investments 

as something good which makes them easier to do according to Stern (2000). 

This shows that the perception of the customers’ environmental awareness is 

shared, regardless of which group the key-actor belongs to. Reports written on 

similar subjects seem to both confirm this in some ways and contradict it in 

others. However, it looks like most of the key actors, represented from all the 

groups, consider the environmental awareness among people and associations 

as an aspect that is important and have great impact on the smart grid. 

 

In the interview with SGC, they drew parallels with the Swedish recycling 

system and asked the question why it is done. Is it because of the money that 

we recycle our empty cans or has it something to do with increased information 

about why it is important recycle? According to SGC, the smart grid might face 

the same situation, where the sociological, psychological and financial aspects 

appear in the same way as with the recycling. 

 

6.5 Diffusion of innovation –How to illustrate the maturity of 

smart grid development incentives and barriers in Sweden 
 

The authors perception is that smart grids should be seen as an innovation that 

evolve through different stages of adoption. In order to help understand and 

illustrate this, the theory “diffusion of innovations” (Rogers 2003) is useful. The 

theory is explained with the help of a figure that has two functions plotted, one  

s-curve (yellow) and one normal distrubtion (blue).   



89 

 

 

 
 

Figure 11. Diffusion of innovations in an S-curve diagram 

 

The figure describes the relation of how an innovation develop in relation to its 

elements such as adopters, time and social system. The market share for the 

innovation will grow successive with the adding groups of adopters consuming 

the new innovation. Adopters is the unit of analysis and are not necessary 

individuals but can also be organisations, countries or other clusters or groups. 

This makes the model suitable for pointing out the maturity regarding smart 

grids.  

 

Rogers (2013) suggest that there are five adopter categories and that they are 

related to time. The first group is the innovators, followed by the early adopters, 

early majority, late majority and lastly laggards. The groups have different size 

and characteristic features.  

 

The empirical findings have shown that different aspects of Smart grid have 

reached different range of adoption and therefore also different maturity compared 

to each other (conclusion figure 12, page 92). 

  



90 

 

 

7 Discussion 
 

7.1 Do the results correspond to the initial expectations? 
 

At the beginning of this thesis, there was a strong concern that the technical 

aspects of the smart grid would be of most relevance regarding incentives and 

barriers. This gave technology a centralized position in the work as well as in 

the mind of the authors. However the technological aspects has come to play a 

less important role the longer the work has proceeded. It has clearly appeared 

an awareness of the interdisciplinary that embraces the concept of the smart 

grid and its emergence. The altered view has opened up new insights and 

understanding of the problems and possibilities of a Swedish smart grid. 

 

The importance of the different unique circumstances and conditions that 

Sweden has, for example with the water power in the north, is something that 

was not clear from the beginning but has now been clarified, as well as the 

importance of these conditions. 

 

The numerous definitions of the smart grid have created issues that have 

contributed to create ambiguity regarding the subject. This meant that almost 

all of the interviewed key-actors had their own definition that differed from the 

others. This was something that the authors did not expect. Another 

unexpected finding that might be of great interest is that the opinions regarding 

the current smart grid situation did not differ that much between the different 

groups of key-actors. Of course the views were not identical, and they differed 

in some cases quite clear, especially when it comes to visions and faith in the 

future. But when it came to the current situation of the Swedish smart grid, the 

authors had expected a more obvious and bigger difference between the 

various groups. 
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7.2 What may have influenced the result? 
 

It is possible to say that the findings and results have been highly dependent on 

and influenced by the chosen key-actors that have been investigated and 

interviewed.  Other researchers might have looked at the key-actors in a 

different way and would have perhaps replaced some with others that this 

thesis has not taken into account.  The partition of the actors that has been 

made can also be expected to have affected the investigation and showed the 

result in a certain way that might have been different with another type of 

partition. Has it been to rough or maybe too narrow? Perhaps the opinions 

would have differed more between the actors with another approach of the key- 

actor groups. 

 

Before each interview was conducted, an email was sent to the informants with 

a number of questions that were intended to be the basis for the interview. 

Although it was always pointed out that it was ok to change or deviate from 

these questions, many interviews came to focus on them. If this is good or bad 

is difficult to give an answer to, but it can certainly be said to have affected the 

outcome in one way or another.  

 

One peculiar ‘threat’ was identified as regards the informants’ objectivity, 

which might have had an impact on the results. The reason for this suspicion 

lay in many different factors, e.g. the financial incentives given to industrial 

actors for smart grid realization, the strong confidence in smart grids as a green 

revolution that could solve environmental issues etc. 

 

Due to the fact that part of the litterateur study and the theoretical framework 

was done and designed in the beginning of the work, before the interviews 

were made, this might have affected the study and the findings. It would be 

naive of the authors of this work not to realize that literature and theory have 

influenced their ability to perceive and interpret things. Although, it might be 

possible that this also helps to identify difficulties and steers the work in the 

right direction toward the research aim. As long as there is an awareness of 

bias, it may not need to contribute to something bad. 
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7.3 Risks with the four analysis aspects 
 

The findings have been analyzed according to the aspects that were found in 

the Technology Roadmap – Smart grids, and went through small modifications 

such as changes in labels etc. The choice of using these aspects has carefully 

been motivated and they have in many ways helped to facilitate and clarify the 

analysis. However, it has sometimes been difficult to draw a clear distinction 

between aspects and some of the results have been hard to categorize, which 

may have influenced the analysis. The shortcoming of the authors to always be 

able to distinguish what belongs to which aspect is although something that has 

been taken into consideration, but can still be a crucial factor in many ways. It 

is also possible to believe that opinions and perceptions about the Swedish 

smart grid that been mentioned during the interviews have been neglected in 

the analysis, consciously or unconsciously, because they did not fit in with the 

chosen aspects. 

 

7.4 The importance of methodology 
 

The foundation for this thesis has been the conducted qualitative interviews. 

This choice of method has been discussed several times among the authors and 

an expert in scientific methodology has also been consulted. On this basis it 

was decided that qualitative interviews did fit best for the thesis and its 

purpose. Yet there is of course reason to question this choice. One reason is 

that there might be relatively wide room for interpretation between what is said 

by informants and perceived by the researchers. According to Potter & 

Hepburn (Qualitative interviews in psychology: Problems and Possibilities, 

2005) it is often quite difficult to do a qualitative interview very well. There is 

often a great challenge to analyse them in a good way. Potter & Hepburn also 

highlight the problem with stake and interest in the subject of both the 

informant and the researcher. When it comes to the informants, it has been 

motivated in the method that the findings are supposed to represent the whole 

key-actor and not the personal interest, and that the informant is chosen based 

on this premise. However, it can still be something that is very difficult to 

avoid completely in practice. The stake and interest of the researcher has been 

indicated earlier in a more general way but can here also be a critic for the 
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method.  

 

All the interviews were recorded and notes were also taken during the whole 

time. The collected material was thereafter summarized, transcribed and 

translated to English. The fact that none of the informants denied  recording or 

did not even see any problem with it, might according to Bryman (2008) 

indicate that the informants were cooperative and open to the interview.  He 

also describes the problem of transcribing.  It can be quite easy to hear wrong 

or misunderstand what is being said even if there is an opportunity to re-play 

thanks to the recording. The fact that the interviews have been translated into 

English is something that must be taken into consideration and that probably 

affects what comes out in an even greater degree. 
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8 Conclusions 

This thesis aimed to contribute with  scientific knowledge in the field of 

industrial technology. More specific, regarding the importance of 

multidisciplinary aspects in a system that seems to be primarily technological. 

Initially, Smart grids  seems to only consist of technological challenges. 

However, this research has revealed several other challenges. Therefore the 

development of smart grids should not be seen simply as one major transition 

regarding electricity distribution and usage. 

 

The electrical grid is indeed one huge system undergoing a change, but the 

number of constituent subsystems is infinite. Moreover, the inner systems of 

smart grids correlate and interact with each other in different directions, not all 

of which could be considered here. It was shown that smart grids are part of the 

electricity system evolution rather than a separate revolution, i.e. smart grids 

can be seen as a phase in the ongoing development of the electricity supply 

system. 

 

Barriers and incentives for the development of smart grids were assessed here 

using the European Commission’s (2010) definition of smart grids, which had 

identified three main challenges: 

- To efficiently integrate the behaviour and actions of all users connected to the 

smart grid 

- To provide an economically efficient and sustainable power system 

- To achieve low losses and high levels of quality security of supply and safety 

These three challenges have been met to various degrees in Sweden, but are 

made more difficult by geographical variations as regards infrastructure, 

urbanization, accessibility of power sources etc. in the country. 

 

8.1 The S-curve regarding smart grid incentives and barriers 

In order to illustrate the results of the research an S-curve (Rogers 2013) have been 

drawn with the different aspects regarding smart grid incentives and barriers. The 

aspects has been pointed out related to time (x-axis) and maturity (y-axis).  
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Figure 12. Smart grid development in Sweden. 

8.1.1 Financial 

At present, there are only small incentives to encourage smart grid development at 

the customer side, but this is predicted to change, e.g. with increased consumer 

flexibility due to new tariffs mentioned by SHE, or changes in industry mentioned 

by Holmen. Incentives to smarten the grid for producers and distributors are being 

rolled out by the EMI and production and distribution will undergo a change when 

the new Energy Act is implemented in Sweden. This thesis showed that the 

financial aspect is strongly correlated with both sociological and political aspects. 

The reason is that financial incentives often occur as consequences of regulations 

and social phenomenon. 

 

8.1.2 Technological 
 

It was found that most of the technological features related to smart grids are 

either already available or could become so in the near future if the demand 

arises. This is particularly true in some areas such as ICT, AMI, TEA and 

DGM, thanks to the strong industrial base in Sweden represented by actors 

such as Ericsson and ABB. In addition, government incentives are pushing for 
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technological changes such as installation of advanced meters and increased 

share of renewable energy sources. 

 

8.1.3 Political and regulatory 
 

The current perception among smart grid actors is that there is a lack of 

incentives in existing regulations. However changes are also underway here, 

with new improved legislations and more incentives to encourage 

environmentally friendly and energy-efficient technological alternatives for the 

industry as well as household. These incentives are expected to be provided by 

all political parties in Sweden. 

 

8.1.4 Sociological and psychological 
 

The interviewed smart grid actors report a growing interest and demand among 

their customers to use and embrace more environmentally friendly alternatives 

in their electrical consumption. This view is not shared by industry, which is 

reluctant to change a well-functioning system. A drastic change related to the 

power market, such as peak oil, could change these opinions. 

 

8.2 Smart grids in Sweden 
 

As regards incentives and barriers to smart grid implementation in Sweden, the 

topic was found to be well-established and the general perception about smart 

grids was positive. Existing actors view it as an ongoing development of the grid 

and its usage, but for now the incentives are not great enough to encourage drastic 

change. Moreover, the concept of smart grids is complicated and new to its 

potential customers, both industry and households, who may not have enough 

knowledge to actually create the demand needed to accelerate development of 

smart grid technology. The smart grid seems to be in an early stage of its life cycle 

– but knowledge is growing. The future of smart grids in Sweden is also an 

ideological question, since this thesis showed that government is the most 

influential actor regarding incentives and barriers 
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9 Further research 
Further research in this area is highly recommended due to the increasing 

interest among different actors. 

 

An area that could be investigated further and more extensively is the process 

of mapping the key-actors. In the stage where the Swedish smart grid is today, 

it is conceivable that key-actors are those with the most useful information on 

the topic. The quality and usefulness of information could be increased with a 

more extensive analysis of the key-actors and other stakeholders. 

 

During the work it was quickly realized that each studied area in this thesis 

could be examined much more in depth and might even become a thesis by 

itself. In addition, since smart grids are interdisciplinary, it could be interesting 

to do a more specific and targeted research on the subject rather than the 

actors. 

 

To analyze the situation of smart grids in Sweden with another theoretical 

approach could perhaps be valuable and relevant for further research.  

 

Working with cases and case studies seems to be a useful way to investigate 

smart grids. Therefore, it would make sense in a further research to extend the 

method by doing some type case work - it could possibly provide information 

and answer things that are not evident from the interviews. 

 

The fact that this thesis has excluded small end-customers was a choice made 

by the authors, based on their purpose, extent and that another group at the 

University did a study that investigated the end-customers in parallel. Further 

work is suggested to combine these two studies.  
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