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 I 

Abstract  
Blockchain is described as having endless theoretical potential. In reality however, it is hard to 
establish how blockchain can be utilized and what opportunities blockchain may create. The 
unclear future of blockchain constitutes a challenge for many companies. Many large incumbents 
are uncertain of how to implement blockchain technology in their organization and are anxious 
about the consequences of the new technology. The purpose of this exploratory study is to evaluate 
blockchain applications for a district heating company in Stockholm to understand favorable areas, 
necessary criteria for successful implementation and how blockchain could enable new business 
opportunities in the district heating market. To be able to reach the purpose of the thesis a 
literature study and an empirical study were performed. The literature study is in the form of an 
extensive investigation about the areas of blockchain and district heating. The empirical study 
includes 17 interviews, both internal interviews with employees at Stockholm Exergi and external 
interviews conducted with professionals with knowledge about blockchain, district heating and the 
energy sector. Furthermore, two workshops, in collaboration with Stockholm Exergi, were 
performed at the end of the thesis to evaluate and prioritize the developed blockchain applications.  
 
This thesis proposes 32 blockchain applications within 10 areas in the district heating industry. 
The applications are categorized after their potential, in three categories; green for the blockchain 
applications that are valuable to investigate further, orange for the applications that potentially 
could be interesting to investigate further, and red for the applications that are not interesting to 
investigate further. Some applications focus on solving inefficiencies within district heating and 
some on exploiting the benefits of blockchain. Eight applications are categorized with green 
prioritization, and thus presented in more detail. To take into account that blockchain probably 
will have a greater impact in the future, a future scenario was developed and used in the situational 
analysis for the applications. Furthermore, a framework was developed with the aim to be a tool 
for a district heating company to utilize while considering if a blockchain implementation would 
be beneficial, and if so, in what way. The framework is focused on district heating companies but 
can be utilized by other actors as well.  
 
Our recommendation for a district heating company in Stockholm is to wait one or two years 
while staying updated. Especially important for the companies are to stay updated on whether new 
blockchain standardizations will emerge in the energy sector. However, if a district heating 
company want to initialize a blockchain project we advise the companies to start a pilot project 
that does not affect the current business model but has the potential to be scaled. Since the 
blockchain technology enhances collaboration, it is important to consider which partners should 
be included and how the application can create value for all involved parties. However, due to the 
uncertainty of the technology, companies need to be well aware of that assumed created value may 
not be reached as expected. Furthermore, district heating companies also need to bear in mind 
that other parameters, for example additional technologies, policies or infrastructure systems, may 
be necessary to implement in order to create value from a blockchain solution. 



 
 

 II 

Sammanfattning  
Blockchain beskrivs ofta som något med ändlös teoretisk potential. I verkligheten är det dock svårt 
att fastställa hur blockchain kan användas och vilka möjligheter blockchain kan skapa. Den osäkra 
framtiden för blockchain är en utmaning för många företag att förhålla sig till. Inte minst för stora 
etablerade företag då blockchain kan användas för att decentralisera en centraliserad 
marknadsstruktur. Syftet med denna undersökande studie är att utvärdera blockchain-
applikationer för ett fjärrvärmeföretag i Stockholm, för att förstå gynnsamma områden, 
nödvändiga kriterier vid genomförande och hur blockchain skulle kunna möjliggöra nya 
affärsmöjligheter på fjärrvärmemarknaden. För att uppfylla uppsatsens syfte genomfördes en 
litteraturstudie och en empirisk studie. Inom litteraturstudien genomfördes en omfattande 
undersökning av blockchain och fjärrvärme. Den empiriska studien bestod av 17 intervjuer, både 
interna intervjuer med anställda från Stockholm Exergi och externa intervjuer med experter inom 
blockchain, fjärrvärme och energisektorn. Vidare genomfördes under slutfasen två workshops i 
samarbete med Stockholm Exergi, för att utvärdera och prioritera de skapade blockchain-
applikationerna. 
 
Rapporten presenterar 32 blockchain-applikationer inom 10 olika områden inom 
fjärrvärmeindustrin. Applikationerna är kategoriserade efter sin potential i tre grupper, grön för de 
applikationer som kan vara fördelaktiga för ett fjärrvärmeföretag och bör fortsätta undersökas, 
orange för de applikationer som sannolikt inte skulle vara fördelaktiga och röd för de applikationer 
som inte är intressanta för ett fjärrvärmeföretag att fortsätta undersöka. Vissa applikationer 
fokuserar på att lösa de ineffektiviteter som finns för fjärrvärme och vissa på att utnyttja fördelarna 
med blockchain. Det åtta applikationer med grön prioritering presenteras mer detaljerat. Ett 
framtida scenario togs fram för att ta hänsyn till att blockchain sannolikt kommer att ha större 
påverkan i framtiden. Detta används som hjälpmedel när situationsanalysen för applikationerna 
genomförs. Dessutom utvecklades ett ramverk som har som syfte att vara ett verktyg för ett 
fjärrvärmeföretag att utnyttja när en blockchain implementering övervägs. Ramverket är inriktat 
på fjärrvärmeföretag men kan även användas av andra aktörer. 
 
Vår rekommendation till ett fjärrvärmeföretag i Stockholm är att vänta ett eller två år, samtidigt 
som de håller sig uppdaterade om marknadsförändringar för blockchain. Särskilt viktigt för ett 
fjärrvärmeföretag är att hålla sig uppdaterad om huruvida nya blockchain-standardiseringar uppstår 
inom energisektorn. Om ett fjärrvärmeföretag vill initiera ett blockchain-projekt, rekommenderar 
vi att starta med ett pilotprojekt som inte påverkar den nuvarande affärsmodellen, men har 
potential att skalas. Eftersom blockchain-teknologin möjliggör samarbete är det viktigt att 
överväga vilka partners som kan ingå i lösningen och hur applikationen kan skapa värde för alla 
berörda parter. Företag måste emellertid vara väl medvetna om att det förväntade värdet kanske 
inte uppnås på grund av teknologins osäkerhet. Dessutom måste företagen också överväga att 
andra parametrar, till exempel andra teknologier, politik eller infrastruktur, är nödvändiga, för att 
en blockchain implementering ska skapa värde.  
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Explanations 
Blockchain - Blockchain is a distributed ledger technology allowing for a novel way of recording 
and sharing data across multiple ledgers. In this report blockchain will be used to denote many 
sorts of distributed ledgers since the word itself has come to cover a broad range of technologies 
and solutions.  
 
Distributed ledger - Traditionally a ledger is a record book or a register that contains a collection 
of financial accounts. In the blockchain context, a distributed ledger refers to a database that is 
shared and synchronized across a network of nodes.  
 
District heating - District heating companies often produce both heating and cooling. If a 
company produces both heating and cooling the company can also be referred to a “District 
Heating and Cooling company”. In this report, however, the terms “District heating” and “District 
heating company” will be used which includes both the production of heat and cooling.  
 
Ecosystems - In this report, the word ecosystem implies a business ecosystem which is made up 
of a network of organizations involved in providing a certain product or service. 
 
Smart contracts - Programs of code written on a blockchain providing instructions that a 
computer can perform, also referred to as embedded contracts or self-executing contracts.  

Sector - A broad and more general term that represents a group of industries or markets that have 
attributes in common. There can be many industries in one sector.  

Industry - Refers to a set of firms that conduct similar business activities. Often named after its 
primary product.  

Market - Refers to the available market for an industry where the customers who require the 
products and services provided by an industry are included. Denotes the entire system, including 
the exchange of goods and services between buyers and sellers.  

Cybersecurity - is generally described as three areas: (1) Confidentiality which means that 
information should only be available for authorized parties, (2) Integrity which means to ensure 
that information is not modified in any way, (3) Availability which means that information should 
be accessible.  
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1 Introduction 
The thesis begins by briefly presenting the district heating market and the phenomenon blockchain, followed by a 
discussion regarding why the research is conducted. The purpose and the research questions of the thesis are clearly 
stated and connected with the expected contribution of the study. At the end of the chapter, the delimitations and 
limitations of the study are explained, finalized with a short description of the outline of the thesis.  

1.1 Background 
In the following chapter, an introduction to the district heating market and blockchain is presented.  

1.1.1 Introduction to the district heating market  
The district heating market is one of the largest energy markets in Sweden (Sköldberg & Rydén, 
2014). The expansion of district heating in Sweden began in the late 1940s and has, since then, 
grown continuously. The growth has been spurred by consistent energy and climate policies 
hindering or banning fossil fuel-based energy, creating an opportunity to find other smart solutions 
to provide heat (Energiföretagen, 2009). Today, district heating is the dominant source of heating 
in Sweden. More than 240 of 290 municipalities utilize district heating (Energikommissionen, 
2017), and the majority of the population in Stockholm County retrieves heat from the district 
heating network (Länsstyrelsen Stockholm, 2004).  
 
Reliable and safe heat supply is an important societal function and the utilization of district heating 
allows Sweden to heat its households in an environmentally friendly manner (Sköldberg & Rydén, 
2014). Therefore historically, district heating in Sweden has been developed by the municipalities. 
However, when the electricity market reform was carried out in 1996, the district heating market 
was also deregulated due to the government's decision that district heating companies owned by 
municipalities should be commercially operated (Energikommissionen, 2017). Around 65 percent 
of the district heating network is operated by companies owned by municipalities, while the rest 
of the network is operated by private or governmental energy corporate groups, or administrated 
by a municipality (Ei, 2015). Due to structural changes of the market and large price differences 
between different municipalities in Sweden, discussions regarding if the competition on the district 
heating market is sufficient enough, have for a long time, been debated (Wårell et al., 2009). The 
district heating companies’ strong position in relation to the customers and other stakeholders has 
been criticized (Näringsutskottet, 2014), and in some cases the customers lack trust for the district 
heating companies (Nygårds, 2011). Therefore, in the year of 2009, the government requested an 
investigation of “Third Party Access” (TPA), with the aim of designing a regulatory framework 
for third party access to the district heating networks (Ibid.) in order to increase the competition 
on the market and lower the prices. However, the government did not approve of the proposition 
(Näringsutskottet, 2014). Instead, the government authorized Swedish Energy Markets 
Inspectorate (Energimarknadsinspektionen) to investigate the opportunities for regulated access 
for the heat producers to the heating networks (Näringsutskottet, 2014). Regulated access was 
considered beneficial, and therefore approved in 2014. The new regulations state that an actor 
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wishing to connect to a district heating network will receive “regulated access” to the network 
pipelines under certain conditions (Sveriges Riksdag, 2014). 
 
Monopoly does not only result in high market prices due to low competition, studies also show 
that monopoly markets stagnate and therefore struggle to incorporate new technologies within the 
organization (Sandström, 2013). Generally, monopolies have less incentive to invest in research 
and development to explore new technologies than competitive firms, due to a non-competitive 
market. However, it is essential to understand the important impact technological advancement 
has on economic growth and prosperity (Linfo, 2006), and that technology integration is a 
management challenge which affects the success of the whole business (Karlsson et al., 2010). 
Therefore, it is necessary for monopolistic district heating companies to keep track of new 
emerging technologies to be able to predict if the technology will influence the district heating 
market and affect the business model.  

1.1.2 Introduction to blockchain 
Blockchain is an emerging new technology with the potential to affect the district heating market. 
When the World Energy Council did their latest “World Energy Issues Map” and viewed the area 
of digitalization, blockchain was recognized as one of the most critical uncertainties (World Energy 
Council, 2017a). The technology is believed to have a high impact on the society but is also 
associated with a high uncertainty, making it a hard for many energy leaders to comprehend the 
phenomenon.  
 
Blockchain belongs to the category of Distributed Ledger Technologies (DLTs), which means that it is 
a technology that enables a database to be shared and synchronized across a network. Ledgers are 
nothing new, however the concept of a shared, distributed ledger is new. (Gupta, 2017) What 
makes blockchain special is its distributed implementation manner and the fact that it is not owned 
or controlled by one central authority or company (Underwood, 2016). The term distributed means 
that every node (computer or participating server) in the network system has access to an updated 
version of the database. Furthermore, the participants of the network system can choose to save 
a local copy of the latest version. This creates a unique structure of a peer-to-peer decentralized 
system where trust does not need to be placed on one central node. The ledger is collecting all 
transactions made on the blockchain and the shared ledger is the single source of truth, meaning 
that the records of the transactions in the blockchain are always considered true (Gupta, 2017).  
 
The name “blockchain” is derived from how it stores transaction data. The data is encrypted and 
formed into blocks (data packages) that are added to the previous blocks, creating a chain of blocks 
(Gupta, 2017). Each block contains transaction data, a timestamp, a hash value and a nonce, that 
is a random number used to verify the hash. The hash value, also called the digital fingerprint or 
the unique identifier, is included to make nodes dependent on each other, therefore the block 
contains the hash value of the previous block. Since the hash value is a unique number a change 
of a previous block would change all the following blocks, indicating that the whole network would 
immediately be able to trace the change and hinder it. (Nofer et al., 2017) This technique does not 
only make the data in the blockchain immutable, it also makes it almost impossible to manipulate 
and delete (Gupta, 2017). The new block is validated by the network using a consensus mechanism 
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before it is added to the chain (Underwood, 2016). A consensus mechanism can be described as a 
way to agree of the state of the ledger. It contains a set of rules and procedures that enable the 
participants of the network to maintain a coherent set of facts between multiple participating 
nodes. (Nofer et al., 2017) Which consensus mechanism that is used, is dependent on the 
underlying blockchain protocol.  
 
Blockchains are not explicitly used for cryptocurrencies, all information that can be saved in a 
digital file can be represented on a blockchain. Assets possible to record on the blockchain can 
range from tangible assets, as houses, cars, land or cash, to intangible assets, like patents or 
copyrights. The blockchain can be used both for trading and tracking these assets. (Gupta, 2017) 
There exist different kinds of blockchains depending on what qualities are searched for; they can 
be permissioned or permissionless. The permissioned version is more constrained, since it is 
possible to constrain the rights that participants have to read and write data to the network. (Gupta, 
2017). Nonetheless, the permissioned ledgers enable more privacy than the permissionless ledgers 
(Peck, 2017). 
 
The most common example for blockchain is the digital cryptocurrency Bitcoin, which is a public 
permissionless blockchain. Bitcoin is not to be confused with being the blockchain technology, 
Bitcoin is an application built upon the blockchain technology. (Gupta, 2017) In the Bitcoin 
blockchain, the consensus mechanism is called Proof-of-Work (also called mining). In short, the 
mining process is a mathematical contest, and the first one to solve the problem wins and get to 
validate the new block. With more computing power, you are more likely to win and receive the 
reward in form of a transaction fee paid by the one initiating the transaction. However, this has 
led to the problem of high electricity consumption for the Bitcoin Blockchain, since many people 
want to participate in the validation process in order to get the reward. (Swedish Blockchain 
Association, 2018) 
 
The industry that has gotten the most attention because of its use of blockchain is the financial 
industry. Not only because of Bitcoin, but also because the industry constitutes conditions that are 
well suited for blockchain applications, for example process inefficiencies, many participants, high 
transaction costs and the need to track owners of an asset (Nofer et al., 2017). Another industry 
starting to adopt the blockchain concept is the electricity market. It is believed to be ahead of many 
other industries in its adoption of the blockchain technology. The value of blockchain for the 
electricity market lays not only in creating processes with greater efficiency but also to support and 
speed up the movement towards more decentralized business models in the energy industry. The 
adoption process is still in an early stage but actors on the electricity market are investigating if 
utilizing the advantages that the technology entails is possible. Possible benefits with blockchain 
include for example reduced costs, elimination of data duplication, increased transaction speed and 
greater resilience. With these benefits, new business opportunities are arising, for example in the 
area of tracing ownership and peer-to-peer trading. Furthermore, the potential of increased 
decentralization and disintermediation opens up the possibility of new business models. (World 
Energy Council, 2017a) 
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1.2 Problem formulation 
In July 2017, more than half of the world’s largest companies were researching blockchain 
technologies with the aim to implement the technology into their organization (Peck, 2017). The 
theoretical potential for blockchain is endless. However, in reality it is hard to establish how 
blockchain can be utilized and what opportunities blockchain will create. There are still a number 
of uncertainties that make it difficult to understand the potential of blockchain. Therefore, many 
industries have started to explore blockchain, including the electricity sector, which according to 
the World Energy Council, “is seen as one of the industries where blockchain could have the 
biggest transformative and disruptive impact.” (2017a). Since the district heating market is linked 
to the electricity market it is of great interest for the district heating companies to understand if 
blockchain will impact their business as well.  
 
As operators on a monopoly market, the threat of not evolving in the right pace or the right 
direction is constantly present for the district heating companies. At the same time, they are well 
aware that they need to adapt to the changing market. Allowing third party actors to access the 
district heating network, thus going from a single producer network to a multi-actor network, is 
not the only challenge monopolistic district heating companies are coping with. Tough energy 
efficiency goals, growing competition between heating alternatives, digitalization, 
internationalization of policy and fuel markets and requirements for regulatory changes are also 
challenges that needs to be addressed (Sköldberg & Rydén, 2014). Therefore, it is important for 
the district heating companies to understand current trends affecting the industry, including 
blockchain, both now and in the future. This is important in order to develop a plan for how to 
tackle these challenges or use the opportunities created to develop a more robust business model.  
 
The blockchain trend does not seem to slow down and the potential of different blockchain 
applications seem to be diverse (Nofer et al., 2017). Therefore, it becomes crucial for companies 
to understand which blockchain applications are possible in their industry. Furthermore, with the 
increased blockchain popularity it is feasible that stakeholders, for example customers, businesses, 
regulators and policy-makers, on the district heating market, will begin to explore the blockchain 
technology. The district heating companies thus need to be aware of possible outcomes to be able 
to meet the customers’ demands and the competition from other companies.  
 
The customers are of great importance in the district heating industry, making it crucial to meet 
their demands and keep their trust. In the modern world of today, people are used to the freedom 
of choosing between several options. The fact that district heating is a natural monopoly has, 
therefore, been discussed for a long time. At the same time, the electricity sector undergoes a 
transition from a centralized market structure to a more decentralized market structure; a process 
which can be further enhanced by blockchain (World, Energy Council, 2017). The question thus 
arises if the district heating market will follow in that direction. A probable outcome of the 
changing marketplace is that the district heating companies likely will need to reevaluate their 
business models.  
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1.3 Purpose 
The purpose of this thesis is to evaluate blockchain applications for a district heating company to 
understand favorable areas, necessary criteria for successful implementation and how blockchain 
can enable new business opportunities in the district heating market.  
 
The objective is highly exploratory since the thesis (1) will examine an area which has not 
previously been studied and (2) aims to investigate important unexplored dimensions of the 
problem. (Blomkvist & Hallin, 2015)  

1.4 Research question  
The main research question this thesis will answer is:  
 
RQ. What applications can blockchain provide for a district heating company today and in the future?  
 
To be able to answer the main research question, the following sub-questions will be answered:  
 
SubRQ1. Where in a district heating company can blockchain be implemented? 
 
SubRQ2. Which criteria need to be satisfied to implement blockchain in a successful way? 
 
SubRQ3. Which blockchain applications have the most potential?  
 
SubRQ4. How will future changes in the district heating sector change the structure of the district heating market? 

1.5 Expected contribution 
No previous research regarding relevant blockchain applications in the district heating sector has 
been found. Therefore, this study is likely to be the first to provide the industry with knowledge 
about how a district heating company can take advantage of the blockchain technology and to give 
district heating companies an understanding of the opportunities and obstacles the industry will 
face if blockchain is exploited. Additionally, since the district heating market in Sweden is a world 
leader on the global market of district heating (NyTeknik, 2013), the study will have a great 
expected contribution globally as well.   

1.6 Delimitation  
Firstly, the thesis is delimited to the study of monopolistic district heating companies which are in 
control of both production and distribution of heat. The delimitation is made due to the fact that 
most district heating companies have the above described structure including Stockholm Exergi. 
Secondly, focus is on the district heating market in Stockholm. Due to the time restriction and the 
geographically different conditions of district heating, the thesis will not focus on other district 
heating systems in Sweden or in other countries. Thirdly, an optimal future structure of the district 
heating system will not be evaluated in this research. Lastly, this thesis is a pre-study of the potential 
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of blockchain applications for a district heating company. Therefore, a detailed implementation 
process for blockchain will not be described, hence, not all technical and societal aspects will be 
considered.  

1.7 Limitation 
Due to the fact that blockchain is not a mature technology, relevant resources can be limited. 
Furthermore, it can be difficult to determine if theoretical outcomes from blockchain applications 
will result in the same outcomes in real life, since practical examples are limited.  

1.8 Outline of thesis 
The thesis consists of nine chapters: 
Chapter 1 Introduction: The reader is introduced to the subject of district heating and blockchain 
and provided with why the research is conducted in the problem formulation. The purpose of the 
thesis and the research questions are presented, followed by expected contribution, delimitations 
and limitations of the study.   
 
Chapter 2 Research method: How the research is performed is presented by explaining the 
research design and the research process of the thesis. The research process consists of a literature 
review and interviews. At the end of the chapter, the reliability, the validity and the generalizability 
of the thesis are discussed.  
 
Chapter 3 Literature review: An extensive literature review is carried out with the aim to examine 
current published research on the subject of blockchain. Specifically, literature concerning the 
blockchain technology and ongoing blockchain projects are studied. Additionally, literature 
regarding district heating and theories for blockchain implementation are presented to give the 
reader a deeper understanding of the area.  
 
Chapter 4 Empirical study: The empirical study consists of the summaries of the interviews 
performed during the project, divided in internal and external interviews.  
 
Chapter 5 Future scenario: A future scenario has been developed with the aim to understand 
how the district heating market could evolve in order to understand if there will be blockchain 
applications that are increasingly valuable in the future.  
 
Chapter 6 Framework: The developed framework of the authors is divided in three steps in order 
to help a district heating company go from idea to implementation of a blockchain project. It also 
includes criteria for evaluating when blockchain technology is suitable for solving a problem.  
 
Chapter 7 Results and analysis: The blockchain applications are presented, divided on 10 
different areas. The applications are first prioritized in three different colors, green, orange and 
red, where the green applications are described in more detail. The green applications are then 
evaluated and prioritized with the help of the authors’ framework described in chapter 6 Framework.  
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Chapter 8 Discussion: A discussion about blockchain and the results presented in the previous 
chapter is made, followed by a discussion about the thesis and relevant future research areas. 
   
Chapter 9 Conclusion: The conclusions of the study are presented by answering the research 
questions.  
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2 Research method 
In the following chapter the research method will be explained, starting with the research design, followed by the 
research process and finished with the validity, reliability and generalizability of the study. The aim of the research 
design is to describe the conscious choices which lay the foundation of how the study is conducted. In the research 
process the actual execution of the thesis is described. The literature study and the interview process are explained in 
detail, followed by the research analysis, further explaining how the data will be analyzed. The chapter concludes 
with a short assessment of the validity, reliability and generalizability of the study.  
 
High quality research entails a thoughtful research design. Therefore, in chapter 2.1 Research design 
the choices that were performed in this study are clarified.  

2.1 Research design  
Several different research designs exist which can be placed on a linear scale with two extremes; 
basic (pure) research at one end and applied research at the other. The research design of this 
thesis can be placed on the scale somewhere in between the basic and applied research due to the 
fact that the focus of the study is to create valid research, and contribute to the scientific knowledge 
in the field, while at the same time, solve a specific problem for a company. Below in Table 1, the 
choices made in creating the research design are summarized with a short description of why they 
were chosen. Further explanation is then provided in the following sub-chapters.  
 
Table 1 Summary of the research design. 

Basis of 
classification 

Type of research Explanation 

Research 
paradigm 

Interpretivism 

The research strives to provide informative 
understanding of a social phenomenon within a 

particular context. 
Choice of paradigm reflects the research design. 

Research 
methodology 

Qualitative 

Investigating several situational factors and 
perspectives to evaluate a holistic picture by utilizing 

qualitative data. 
Allows researchers to be innovative and creative 

which is important in this thesis. 

Strategy of 
inquiry 

Grounded theory 

A form of research strategy, and not a specific 
method. 

Focus on developing a theory from data by declaring 
research questions, but no hypotheses. 

Data gathering and analysis done simultaneously 
which push the study forward. 
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Research 
purpose 

Exploratory 

Exploration of an unstudied area, appropriate when 
existing literature is limited. 

Focus on finding patterns and ideas rather than 
testing hypotheses. 

Pre-study, no detailed social and technical levels. 

Research 
approach 

Abductive 

Combines the deductive and the inductive approach, 
i.e. switching between theories and ideas in literature 

and the empirical material studied. 
Literature and empirical material used to steer the 

research. 

 

2.1.1 Research paradigm 
The first step in formulating the research design is to determine the study’s paradigm, in order to 
take the researchers’ philosophical worldview and assumptions into consideration (Creswell, 2009). 
Two main research paradigms exist; positivism and interpretivism (Collis & Hussey, 2009). This 
thesis mainly follows the assumptions of interpretivism since the research strives to provide 
understanding of a social phenomenon within a particular context. However, Collis and Hussey 
(2009) argue that few studies “adopt the pure form of the main paradigms”, instead the researchers’ 
beliefs and assumptions fall somewhere in between the two paradigms. 

2.1.2 Research methodology 
The type of research methodology applied for the process of this thesis is a qualitative research, 
which is also the most common research methodology within the interpretivist paradigm (Collis 
& Hussey, 2009). The qualitative method, in contrast to the quantitative method, allows occasional 
events and small details to be of great importance. For example, if an interviewee says something 
unexpected during an interview, this can lead to a whole new section in the literature study or 
constitute as the basis of analysis. This leads to a high complexity of the study which makes it 
impossible to summarize the conclusions in a simple way, making the quantitative research method 
invalid. (Thurén, 2007) Instead, in this study, the potential blockchain applications need to be 
evaluated from a holistic picture, making the qualitative research method appropriate (Creswell, 
2009). When following this research approach, the researchers are allowed to be innovative and 
creative (Ibid.), a crucial condition for this thesis since the aim of the study is to explore new, 
undiscovered blockchain applications for a district heating company. 

2.1.3 Strategy of inquiry 
When formulating the research design, the strategy of inquiry that is related to the philosophical 
worldview of the researchers, needs to be determined (Creswell, 2009). This means that the 
methodology should reflect the assumptions of the research paradigm. Selecting an appropriate 
strategy of inquiry is essential to obtain methodological rigor. (Collis & Hussey, 2009) Chosen 
strategy of inquiry greatly affects the procedures on how the data collection, analysis and 
interpretation is performed (Creswell, 2009). 
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The thesis follows the grounded theory which means that the research is commenced using 
research questions but not hypotheses. Furthermore, during the initial phase, all the existing 
literature regarding the research area of blockchain and district heating are reviewed (Bell, 2005). 
In the literature, grounded theory is described as a form of research strategy, and not as a specific 
method. The main methodological focus is to develop a theory from data, but the data does not 
need be of a special category or derived from a special theoretical interest. (Bell, 2005) Therefore, 
the data gathering is broad and ongoing through the whole research process of the thesis. 
Moreover, in the thesis, data gathering and analysis are done simultaneously, which Collis and 
Hussey (2009) mention is a characteristic of grounded theory. The analysis of gathered data pushes 
the process forward until a theoretical saturation is reached, that is, the stage when new data does 
not result in new insights (Bell, 2005). The research process visualized in Figure 1 (in chapter 2.2 
Research process) displays this method of continuous analysis.  

2.1.4 Research purpose 
The purpose of the thesis is exploratory since the thesis explores an area which has not previously 
been fully examined and aims to investigate important, unknown dimensions of the problem 
(Blomkvist & Hallin, 2015). The thesis thus acts as a pre-study concerning potential blockchain 
applications in a district heating company. Detailed social and technical levels will not be explored 
which is a sign of an exploratory research, where the focus is to look for patterns and ideas rather 
than testing hypotheses, meaning that the study creates insights that can be further investigated in 
later research.  

2.1.5 Research approach 
The exploratory purpose often entails an inductive research approach due to the unexplored nature 
of the research area (Blomkvist & Hallin, 2015). In inductive data analysis, specific observations 
can lead to general conclusions and the findings control the development of the theoretical 
framework (Creswell, 2009). In this thesis an abductive research approach has been used; a method 
that combines the deductive and the inductive approach. In practice it means that there is a switch 
between theories and ideas in literature and the research material studied, and that they both 
influence each other. (Blomkvist & Hallin, 2015) For example, the literature study of blockchain 
will influence the examined topics and the type of questions asked during the interviews, and in 
return, the responses from the interviewees will influence which research material is read and how 
it is interpreted in the literature study. This approach is well suited for the grounded theory. 
Continuous analysis during the empirical study and the literature review create a good platform for 
using them both to steer the research. 

2.2 Research process 
To be able to answer the research questions the methodological approach seen in Figure 1 was 
applied. Qualitative data was collected through an extensive literature study, internal and external 
interviews, and workshops. Due to the exploratory purpose of the research, the literature study 
was ongoing during nearly the whole project. The qualitative data was gathered from published 
articles, journals and books. However, since blockchain is a relatively new technology, a limited 
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number of high quality, published material exists. Consequently, the interviews are important to 
collect necessary information. When grounded theory is applied the collection and analysis of the 
qualitative data is integrated (Collis & Hussey, 2009). The qualitative data analysis, therefore, 
started early in the research process from late February and was done simultaneously with the 
literature study and the interviews until early June.  
 

 
Figure 1 The research process of the thesis. 

Primary data - data generated from an original source (Collis & Hussey, 2009) - was obtained in 
the form of interview notes, audio recordings and field notes from participating events. Secondary 
data - data collected from an existing source (Ibid.) - was gathered from published articles, journals 
and books, internal records from Stockholm Exergi, company websites and scientific databases. 
The advantage of performing the interviews simultaneously as the literature study is that relevant 
data found in the literature study can help formulate appropriate interview questions, and the 
answers from the interviewees can guide the researchers towards the appropriate research path of 
the literature study. Moreover, essential information that cannot be obtained from the literature 
study needs to be derived from interviews, and vice versa. Information from the literature study is 
especially important when appropriate respondents cannot be located (Bell, 2005) which was the 
case during the practical investigation on how blockchain can be utilized in the district heating 
market.  

2.2.1 Literature study 
The purpose of this study’s literature review is to understand the blockchain technology, and at 
the same time understand the district heating market and estimate how it will evolve. An 
understanding was obtained by examining characteristics of earlier blockchain projects, as well as 
find information about district heating companies’ value chain and then mapping these two areas 
against each other to solve possible inefficiencies. In the beginning of the research process, it is 
important not to select a research path too early, as it can create lock-in effects (Blomkvist & 
Hallin, 2015). To prevent this, the work in the beginning of the thesis shifted between a divergent 
and a convergent approach. When the most promising areas were detected, the research was 
delimited and specified to these areas.  
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The literature study can be divided in three broad categories: blockchain, district heating and trends 
that will likely shape the future of district heating. The theory was not predetermined but evolved 
as the research progressed, due to the fact that the findings in the three areas affect each other. 
 
The main literature was acquired from KTH’s search engine “Primo” and the database 
“ScienceDirect”, which are considered to be reliable sources. However, since published articles 
about how to utilize and implement blockchain are limited, information about the subject was also 
searched for in articles found on the internet and companies’ web pages. Information concerning 
the structure of the district heating sector and its actors was mainly acquired from district heating 
companies’ web pages and annual reports, as well as published articles by district heating 
companies and concerned stakeholders.  
 
When a thesis study is conducted on behalf of a company, the studied phenomenon is often 
complex with several different areas where possible solutions can be found. Therefore, at the 
beginning of the literature study, it is often difficult to identify which information is relevant to be 
able to answer the research questions. Consequently, it is often necessary to search for more 
information than required (Blomkvist & Hallin, 2015). However, this is a characteristic of a 
qualitative study since qualitative data need to be understood in a context, which means that 
contextualization is important in order to interpret the data correctly later on in the process (Collis 
& Hussey, 2009). After the collection process, the research material needs to be reviewed, selected 
and organized to create a concise literature study, a process which takes time. Moreover, the scope 
of the literature review is dependent on how much the researchers will be able to analyze during 
the time available. (Bell, 2005) As a conclusion, the extent of the literature study is, therefore, 
dependent on the amount of time available for the thesis.  

2.2.2 Empirical study  
In this thesis, the interviews are the main source of empirical data, and the participants are an 
important part in the qualitative research process since they can steer the work in different 
directions. Therefore, the interviewees were chosen to create a holistic picture of the area of 
blockchain and the district heating sector in order to avoid giving a biased picture in any area of 
the study due to lacking information or perspectives. The goal with the interviews was not to 
confirm statements from the literature study, but rather to understand the perception of certain 
problems or issues the interviewees may have. The motivation for choosing interviews as the main 
empirical method for this thesis is that interviews are useful when it is difficult to define which 
answers are wanted from the empirical data. Interviews are flexible, making it possible to better 
understand motives and to develop and deepen the answers by asking follow-up questions (Bell, 
2005). Moreover, interviews are suitable as a source of qualitative data when it is not possible to 
directly observe the participants, in this case at their working premise.  
 
Two categories of interviews (internal and external) were performed. When the interview process 
was initialized, it was difficult to state how many interviews that were needed to fulfill the purpose 
of the thesis. Thus, the interview process continued until the answers from the interviewees started 
to converge towards the same result and until the answers no longer contributed with new 
information. Before an interview was conducted all interviewees agreed to the interview via email 
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with the possibility to decline. The aim of the interview was clearly stated, along with possible 
themes to discuss during the interview before the interview took place, so the interviewees were 
prepared.  
 
In step 1 of the thesis process (see Figure 1), internal interviews were performed within Stockholm 
Exergi. The aim of the internal interviews was to gather a deeper understanding about Stockholm 
Exergi and their current business processes and ongoing projects, as well as the district heating 
market. The first two internal interviews also served as pilot interviews to grasp the most important 
trends on the market that would be interesting to further explore. In step 2, external interviews 
were performed with people that possess knowledge about the energy or the blockchain sector, 
and people that in some way are in contact with a district heating company. Finding appropriate 
interviewees with knowledge about both blockchain and the district heating sector was very 
difficult. Therefore, it was the researchers’ responsibility to map the results of the interviews 
regarding the energy sector to the interviews regarding blockchain.  
 
The interviews were conducted at the office of the interviewee or via skype or phone when it was 
geographically impossible to meet in person. Live interviews were preferred since meeting the 
participant in person creates a better understanding of the person. Additionally, it is easier to 
further investigate interesting answers by asking follow-up questions. Before all the interviews 
started, the interviewees were asked if they allowed the interview to be recorded, and if they wanted 
to be referenced with or without their name in the thesis report. It is important to consider the 
confidentiality of the respondents in a research study (Bell, 2005). All the interviewees approved 
referencing by name which increases the reliability of the study; knowing who stated what and 
what organization they represent can provide more accurate interpretations and provide more 
depth to the study. This approach was pursued to ensure a high credibility of the researchers and 
to provide a secure atmosphere for the interviewees where they feel that they have control over 
the information shared during the interview.  
 
Prior to every interview, an interview manuscript was developed with new questions following 
established themes for every interview. The interviews were conducted in a semistructured form 
(Blomkvist & Hallin, 2015), due to the fact that questions were created based on settled themes. 
In cases when the knowledge of the interviewees were uncertain, additional questions were 
incorporated to make sure that all interesting perspectives were discussed. The semistructured 
form allowed the interviewee to talk freely about topics that were of special importance to them. 
If the interviews concerned areas which was not prepared for, the interview took the form of an 
unstructured interview, which was a strength of the chosen method. According to Collis and 
Hussey (2009), semistructured interviews give the researchers a possibility to understand the step-
by-step logic of a situation and to fully explore the respondent’s world. Therefore, semistructured 
interviews were valuable in this thesis study, because the understanding of how and why a person 
gave the answers they did was important. However, semistructured interviews are time consuming 
and may result in biased answers (Collis & Hussey, 2009). The potential of the researchers 
influencing the answer is also high and needs to be considered during the analysis of the answers 
(Bell, 2005).  
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In almost all interviews one person was interviewed at a time due to the fact that it was easier to 
conduct a semistructured interview with one person to focus on. During interviews with two 
people, opinions from the respondents could mix or influence each other. Furthermore, the 
interviewees may have different knowledge which complicates the creation of the manuscript. 
However, the interviews conducted with two people present (see Table 4 and Table 6) was 
performed sufficiently because both respondents knew the areas under discussion and 
complemented each other in the answers given. During the skype and phone interviews one 
interviewer took a more prominent role, and the other focused on taking notes to not confuse the 
interviewee and make the conversation more structured. During the live interviews both 
interviewers took turns asking questions which created dynamic conversations. With both 
interviewers’ perspective it was possible to ask questions from a broader range. Furthermore, two 
interviewers can be beneficial to ensure that all the issues are fully explored (Collis & Hussey, 
2009). All external interviews were recorded. The recordings created the opportunity to listen to 
the interview a second time in case there were any uncertainties to ensure that the information was 
correctly noted.  

2.2.3 Workshops  
In step 3 of the thesis process (see Figure 1), two workshops were performed with employees of 
Stockholm Exergi to discuss and evaluate the ideas of potential blockchain applications designed 
by the researchers. This was performed in order to connect the theoretical ideas to the reality and 
thus give recommendations that the industry deem possible.  

2.3 Research analysis 
The research analysis is an ongoing process of reflection and asking analytical questions, with the 
aim to analyze the collected research material (Creswell, 2009). As stated in section 2.1.3 Strategy of 
inquiry, the collection and analysis of the research data was performed simultaneously. A common 
approach within qualitative data analysis (Creswell, 2009) and a key characteristic of the grounded 
theory (Collis & Hussey, 2009). An example when this approach was adopted was during the 
interview process. After the interviews were conducted the answers from the respondents were 
analyzed promptly. The result of the analysis presented areas which the interviewees found 
important, giving an indication of which research was of interest for further investigation. As a 
result, the ongoing analysis helped guide the research in the direction towards the goal of the thesis.  
 
How the analysis process is performed is dependent on the study’s paradigm and methodology. 
When a research is conducted under the interpretive paradigm, the aim is to collect data with depth 
and richness. However, this creates a large volume of data which complicates the analysis. 
Therefore, it is crucial to limit the scope of the study under the interpretive paradigm. Due to the 
complicated analysis and the fact that no clear or accepted practice of analysis for the qualitative 
research exist, the collection stage is often easier than the analysis stage of the study (Collis & 
Hussey, 2009). With this in mind, the analysis stage of this thesis was given sufficient amount of 
time, by initiating it early in the research process. During the analysis, focus was on how to separate 
data from analysis, which can be a problem when data collection and analysis are intertwined 
(Ibid.). Independent of the analysis method selected, qualitative analyses are based on three key 
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elements: comprehending, synthesizing and theorizing. Before the research study is initialized the 
researchers need to comprehend the setting, culture and the studied topic. (Ibid.) Therefore, an 
investigation of blockchain, district heating and Stockholm Exergi was performed in the beginning 
of the research process. Synthesizing involves interlinking different themes and concepts, and form 
them into new, integrated patterns (Ibid.). An obvious example of this step in this thesis is when 
the concept of district heating was intertwined with the concept of blockchain. Theorizing is the 
method of constantly developing and shaping theoretical schemes until the best theoretical scheme 
is designed (Ibid.). By following this approach, it was ensured that the best possible blockchain 
applications for a district heating company were developed.  

2.4 Validity, Reliability and Generalizability 
To establish the quality of the thesis it is important to perform the study in a systematic, impartial 
and critical way. The quality of the research can be assessed examining the validity and the 
reliability. (Blomkvist & Hallin, 2015) To ensure high validity and reliability in this thesis, the 
purpose is intertwined with the research subject, and the purpose and the research questions were 
modified several times to ensure that the purpose is achieved when the research questions are 
answered. Moreover, is it important that the study is open for a critical review performed by other 
researchers (Blomkvist & Hallin, 2015). Therefore, input from other researchers were requested 
during the process to receive a critical examination.  

2.4.1 Validity  
Validity ensures that the research measures what is meant to be measured (Blomkvist & Hallin, 
2015), that is if the research findings accurately reflect the studied phenomena (Collis & Hussey, 
2009). High validity can be established when several different sources of data implies the same 
thing (Creswell, 2009). On the contrary, the validity can be undermined by research errors, like 
faulty research procedures or inaccurate or misleading measurements (Collis & Hussey, 2009). In 
this study the purpose was formed by the research material which implies that the validity is high, 
referring back to the definition of validity of measuring what is meant to be measured. Normally 
qualitative research has high validity, the findings are derived from data that is supposed to be 
understood within one specific context (Collis & Hussey, 2009).  
 
To ensure validity of the thesis the interviewees were thoroughly selected. All interviewees are 
knowledgeable in their area and all participants committed their time and knowledge in an unbiased 
way. However, some form of bias or other values steering the answers that can affect the validity 
of the study may exist. Thus, the study consulted several people on matters that could be very 
value dependent, as for example whether they think that the monopoly structure will remain. Many 
of the interview respondents expressed the same opinions regarding many areas which indicate a 
higher degree of validity (Creswell, 2009).  
 
To prevent the risk that the researchers perceived information stated by the interviewees wrong, 
which would lower the validity, the interviewees were given the possibility to look through the 
researchers’ interpretation of the interview before the study was published. Furthermore, a 
different result could be obtained if someone else with another background and different values 
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regarding, for example climate change, monopoly or new technologies, would interpret the same 
empirical data. Another problem can be the difference in the meaning of a word described as a 
scientific term and as an everyday term (Hansson, 2007). Words like blockchain, energy, market, sector 
and industry can mean different things depending on how they are utilized. To ensure that no 
misunderstanding of the words arise in this thesis, such words are explained in the beginning of 
the report. In addition, blockchain’s current popularity may also affect the validity of the study. It 
can be hard to separate between facts and values on a market that have not yet reached maturity. 

2.4.2 Reliability 
Reliability is a measure of the extent to which an approach gives the same result on different 
occasions under otherwise similar circumstances (Bell, 2005). High reliability indicates that the 
research approach is consistent independent of project or researchers (Creswell, 2009). In 
interpretive paradigm studies, reliability is often not very important. Instead, the focus is on 
developing protocols and procedures that help explain observations and interpretations made by 
the researchers. (Collis & Hussey, 2009)  
 
Regardless of selected research method, it is essential to critically examine the methodological 
approach to be able to establish how valid and reliable the collected information is. When 
conducting interviews there is always a risk of creating bias in the results, since both the 
interviewees and the interviewers affect the reliability. (Bell, 2005) The interviewees’ responses are 
dependent on a lot of factors, for example the time and place for the interview, which lower the 
reliability. The fact that the interviews are evaluated through the eyes of the researchers, indirect 
information is created which can result in biased conclusions which also lowers the reliability 
(Creswell, 2009). Additionally, the interviewers’ presence and the type of questions asked during 
the interview may bias the interviewees’ answers. Furthermore, the language used, and the choice 
of words may affect the interviewees’. (Bell, 2005) It is likely that, if the interviews would be 
conducted again or the interviewees would have been replaced with other people, the interview 
responses would have been different. This indicates that the reliability is low. However, by 
interviewing several different people and comparing the different interview responses against each 
other and against the literature study, and then compile the findings in an inclusive result, the 
reliability increases. To increase the possibility that the same result is acquired independently of 
the occasion, place or researchers, it is crucial that a detailed description of the methodology of 
the research is presented (Creswell, 2009). Thus, in this study, all completed procedures and its 
steps are well documented. Information included is; the names of the interviewees, their title and 
which company they work for, when the interview was conducted, how long it was and how the 
interview was performed. Therefore, the chance of interviewing the same people again or find 
similar interviewees increase.  
 
To be able to obtain high reliability it is necessary to select suitable research material. As discussed 
in section 2.2.1 Literature study the majority of the information in the literature study is based on 
published research articles. However, some information was conducted from articles found online 
and on company web pages, which may lower the reliability since this information might be 
exaggerated or presented in a way that can be misinterpreted. Moreover, to increase the reliability, 
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arguments are explained in a clear and detailed way to ensure that it is possible to follow and 
control them. This is important to prevent that wrong conclusions are drawn (Hansson, 2007).  

2.4.3 Generalizability 
The degree of generalizability shows how well the findings from one study can be extended to other 
cases or settings (Collis & Hussey, 2009). The term is not used in a large extent in qualitative 
research due to the fact that qualitative research is context dependent - the intent of qualitative 
studies is not to generalize findings, but rather to describe the problem in a particular context 
(Creswell, 2009). Therefore, the discussion in this paragraph will focus on if the studied 
phenomenon is generalizable to other district heating companies on the market.  
 
It is possible to generalize the findings of a qualitative study from one setting to another if the 
analysis captures the interactions and characteristics of the studied phenomenon (Collis & Hussey, 
2009). Therefore, a future scenario and a framework that can be applied in other environments 
beyond Stockholm Exergis, were developed. However, district heating networks are local energy 
systems dependent on the geographic location. The fact that Stockholm Exergi, in most cases, was 
the key source of inspiration may, therefore, make it difficult to extend the findings of the thesis 
to other, different environments. To increase the generalizability of the study, in spite of this, 
people from other areas within the energy sector were interviewed. Another difficulty with 
generalizability, when a research is conducted with focus on a company, is that the created value 
may differ between companies, especially if the created value is intangible. For example, an 
implemented blockchain application can create value for one company but not for another. 
Therefore, it is crucial that causality only is established if the research strongly validate that a causal 
relationship exists (Hansson, 2007).   
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3 Literature study  
In the following chapter, the literature study is presented. The literature study is divided into three sections: 
“Blockchain”, “District heating” and “Trends that will shape the future”. The first section presents a compilation 
of the area of blockchain, including what blockchain is, different types of blockchains, issues with blockchain and 
important factors that need to be considered when implementing blockchain. The second section describes the structure 
of the district heating market including a presentation of Stockholm Exergi. Lastly, the third section compiles the 
estimations presented in the literature of how the future of district heating will evolve.  

3.1 Blockchain 
Blockchain is a Distributed Ledger Technology (DLT); a technology which allows for a novel way of 
recording and sharing data across multiple ledgers (record books or registers, see Explanations for 
further description), creating a distributed database. Information is synchronized across a 
distributed network of different network participants. The DLT is a general term, often used 
interchangeably for all blockchains, to avoid a dispute over if permissioned private ledgers can be 
called blockchains (Blockchain Hub, 2017). Important to remember is that blockchain is only one 
of several DLTs. Consequently, the term DLT does not always refer to the blockchain technology. 
(World Bank Group, 2017) 

3.1.1 Principles of blockchain  
Blockchain is characterized as a foundational technology, meaning that it creates new foundations for 
the economic and social systems (Iansiti & Lakhani, 2017). By definition, foundational 
technologies enable development in many different areas and long emerging processes are often 
required (National Research Council & National Academy of Engineering, 2014). Blockchain is 
not a disruptive technology, implying that the technology does not attack traditional business 
models with low-cost solutions. Instead, the foundational nature leads to a relatively slow 
transformation process, following the waves of technological and institutional change. 
Nevertheless, once blockchain is a natural part of the economic and social infrastructure, the 
impact is thought to be enormous. (Iansiti & Lakhani, 2017) Applications enabled by foundational 
technologies often create many ethical, legal, and societal issues (National Research Council & 
National Academy of Engineering, 2014) (further discussed in section 3.1.4 Issues with blockchain).  

3.1.1.1  Distributed database 

The blockchain ledger is a database distributed to all participating nodes in the network, and all 
transactions made between participants are recorded in the database (OECD, 2017). A node is a 
computer or server connected to the network by running the software for that blockchain 
protocol, and at every node there is a participant. When something is added to the blockchain, the 
addition is copied to all participants’ own copy of the blockchain. (Gregor, 2017). In contrast to a 
central database, a blockchain stores and manages its information on a distributed peer-to-peer 
(P2P) infrastructure network (OECD, 2017).   
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3.1.1.2 Blocks 

A blockchain stores and transmits data in a block structure. Every block contains a package of a 
number of transactions (data) that are sealed together, and every block is linked to each other in a 
digital chain (World Bank Group, 2017), hence the name blockchain. The blockchain is an “append 
only” database, meaning that every block can only be appended to the end of the chain (Gregor, 
2017). In addition to the transaction details, a block contains a digital fingerprint, timestamps and 
the hash of the previous block. The first block is called the genesis block and can, therefore, not 
point to a previous block. (Gupta, 2017) 

3.1.1.3 Blockchain protocols 

Every blockchain has a specific protocol that stipulates the rules for the blockchain, by prescribing 
how data is recorded in the database and how the nodes in the network coordinate themselves 
(OECD, 2017).  Considering that blockchain is digital, it means that computational logic can be 
applied and therefore it is possible to build up algorithms and rules for it (Iansiti & Lakhani, 2017). 
In order to record, validate and synchronize data across the network, blockchains employ 
cryptographic and algorithmic methods (discussed further in section 3.1.1.6 Consensus mechanisms 
and 3.1.1.7 Cryptographic Hash Functions and Digital Signatures). Every transaction is encrypted using 
cryptographic algorithms and then distributed to many individual computers. The verifying 
process of the transactions stored on the individual computer is automatically performed. (PwC, 
2016) Every new block containing verified transaction(s) needs to go through a process of 
validation in order to create consensus that the block is the correct block and the next block to be 
added to the chain. The process is a way for many nodes to together approve how the blockchain 
grows. (World Bank Group, 2017) An illustration of the process can be seen in Figure 2. 
 
 

 
Figure 2 The process steps of a blockchain.  

3.1.1.4 Peer-to-peer transmission 

The blockchain is not handled from a central point, instead the blockchain is controlled peer-to-
peer (P2P). The technology enables every participant to trade with anybody in the network, without 
having to involve a third-party intermediary. (PwC, 2016) A blockchain eases the process of 
recording transactions and tracking assets. These assets do not need to be digital (e.g. 
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cryptocurrencies), they can also be tangible (e.g. houses or cars) or intangible (e.g. patents or 
copyrights). Anything that can be digitally represented can be traded over a blockchain. (Gupta, 
2017)  

3.1.1.5 Irreversibility of Records 

Every block is linked to the transaction record previously created by containing the previous 
block’s hash value (Iansiti & Lakhani, 2017), see Figure 3 Inserting the previous block’s hash, 
strengthens the verification of the previous block and generates the blockchain’s quality of 
immutability (Gupta, 2017). An attempt to manipulate previous transaction data will result in a 
different hash value which will impose a change of all the other blocks that contain the original 
hash value, making it impossible to change something without alarming the network (PwC, 2016).  
 

 
Figure 3 Blocks containing the previous block’s hash value. 

3.1.1.6 Consensus Mechanisms 

Different approaches that allow a network to agree on updates to the database exists (Oliver 
Wyman & Euroclear, 2016). The internal consistency is maintained by making all users reach 
consensus on the current state of the network (Dhillon et al., 2017). In that way, different copies 
of the ledger do not exist (Nofer et al., 2017). The nodes validate the transactions by ensuring that 
it is the right information, and then adds them to a block. The network then agrees (i.e. reaches a 
consensus) about which block should be added to the blockchain. The consensus mechanism, that 
is dependent on the algorithmic design of the blockchain, ensures that the rules are followed. In a 
public permissionless blockchain, all nodes can propose an addition to the ledger, however, on a 
private permissioned blockchain, only certain nodes can propose additions. (World Bank Group, 
2017) The verification process enables peer-to-peer transactions since no intermediary is needed 
to record that the transactions are legitimate (PwC, 2016). The consensus protocol needs to ensure 
that there is no possibility to manipulate the information (Oliver Wyman & Euroclear, 2016). 
 
When multiple actors can approve blocks, the system becomes more transparent. However, in 
public blockchains, it is hard to ensure that everyone that contributes to the system has good 
intentions. Therefore, an incentive to do what is best for the system is required. Public blockchains 
often have an economic incentive in the form of a small payment from the verification records 
that are entered into the system. (Kairos Future et al., 2017) Moreover, the consensus mechanism 
is also an important tool in handling conflicts between multiple blocks created at the same time 
(World Bank Group, 2017).   
 
 



 
 

 21 

Three types of consensus mechanisms are commonly used:  
Proof-of-Work: In order to add a new block, the node need to solve a computational challenge 
by running one-way cryptographic hashing algorithms until the valid output is generated. This hard 
puzzle requires high computational power and long processing time. For every block mined, the 
validator (miner) gets a reward. (World Bank Group, 2017)  
 
Proof-of-Stake: The more stake (assets e.g. cryptocurrencies) a node possesses in the network, 
the more likely the node is to be the validator and solve the computational problem. It is developed 
to solve the inefficiencies for Proof-of-Work. (Li et al., 2017) 
 
Proof-of-Authority: The nodes validating the blocks are predetermined and explicitly allowed to 
validate, the identity of a validator performs the role of stake (POA Network, 2017). 

3.1.1.7 Cryptographic Hash Functions and Digital Signatures  

Utilizing the blockchain technology enables the creation of unique verification records of digital 
files (including e.g. photos, transactions, contracts etc.). A fingerprint algorithm (i.e. a 
cryptographic hash) is used to create a unique code that points back to the original file. An example 
of a cryptographic hash function is “SHA256”. This function uses binary code and calculates a 
new number. The new number consists of 32 numbers or letters, which together constitute the 
hash. The hash function cannot be reversed. Therefore, no one can know what is in the digital file 
just by seeing the hash. (Kairos Future et al., 2017) 
 
Every user on the blockchain has a public key and a private key. The private key is used for signing 
transactions and the public key is used as an address to identify users in the system. (Conoscenti 
et al., 2016) The public key points to the user’s assets, while the corresponding private key is needed 
to act on those assets. Therefore, if the user is in control of both the private and the public key, 
the user has a proof of ownership. Every transaction on the blockchain is signed with a digital 
signature, and ‘public key cryptography’ is used to achieve this. The sender can use the private key 
to encrypt a hash (referred to as a digital signature) which can be propagated to the entire network. 
The public key of the sender can then be used by the receiver to confirm that the transaction was 
signed with the sender’s private key. (World Bank Group, 2017) 

3.1.1.8 Merkle Tree 

When there is a large number of verification records (i.e. hashes) in the system, it can be hard to 
manage the size of the blockchain (Kairos Future et al., 2017). A merkle tree is a hash consisting out 
of several hashes (see Figure 4). The structure of the merkle tree consists of several hashes that are 
combined on different levels. Every hash combination creates a new unique hash. Finally, the hash 
value consisting of the last two hashes, is the merkle root. When someone needs to download the 
entire blockchain, it is possible to only download the block headers and use the merkle root in the 
block headers to verify that a certain transaction took place in that block. (Dhillon et al., 2017) 
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Figure 4 Merkle Tree construction. 

3.1.1.9 Forks 

During the validation process, conflicting blocks may be created and added to the chain at the 
same time, resulting in the creation of more than one added branch on the chain. However, only 
one branch can be followed. The process of two blocks created (i.e. validated) at the same time is 
called a fork. Only one of the branches can continue to constitute the chain, that is new blocks can 
only be added to one of the branches. The branch that continues to constitute the chain is selected 
when new blocks are added, resulting in one of the branches to be longer than the other one. It is 
the longest branch that “wins”. The longest branch is the active chain and the one where the 
validators will converge their focus. These normal forks are of no concern since they are usually 
resolved in a couple of minutes. (Dhillon et al., 2017) Soft forks and hard forks, however, are of 
concern. These occur when the blockchain protocol is updated while the entire network has not 
been updated yet. This creates a situation where some nodes are updated while some nodes are 
not. The updated nodes start validating blocks using the new consensus rules. As a result, two 
different types of blockchains are developed; one that follows the old consensus rules and one that 
follows the new. (Dhillon et al., 2017) If it is a soft fork, the blocks mined by updated nodes are 
considered valid by non-updated nodes, but not the reverse. A soft fork is backward-compatible, 
encouraging everyone to update the software. A hard fork is not backward-compatible. As a result, 
everyone must update in order to get the new rules. If participants of the blockchain chose to not 
update, they can continue using the old blockchain, creating two versions of the original 
blockchain. (World Bank Group, 2017) 

3.1.2 Types of blockchains 
Different types of blockchains exist which can be sorted based on their degree of openness and 
decentralization, on a spectrum ranging from entirely public and permissionless blockchains to fully 
private and permissioned blockchains (see Figure 5) (OECD, 2017).  

 
Figure 5 Types of blockchain. 
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Bitcoin was the first blockchain to be developed which is a public permissionless blockchain (World 
Bank Group, 2017). After the launch of Bitcoin, other types of blockchains were also developed. 
Private institutions started developing permissioned blockchains, either private or consortium (also called 
hybrid) (Blockchain Hub, 2017). The difference between the various blockchain types is related to 
who is allowed to participate in the network, execute the consensus protocol and maintain the 
shared ledger (Jayachandran, 2017). The precise features depend on the underlying blockchain 
protocol and varies from blockchain to blockchain (World Bank Group, 2017). When to use which 
type is a matter of which attributes are the most important (OECD, 2017). Table 2 presents a 
summary of the three types of blockchains: private, consortium and public (more detailed 
description of practical examples of blockchains can be read about in appendix 11.2 Initiatives and 
protocols). 
 
Table 2 Differences between private, consortium and public blockchains. 

 Private Consortium Public 

Management 
Single 

organization 
Multiple 

organizations 
Community 

Consensus 
mechanism 

Voting or multi-party consensus algorithm 
Proof of Authority 

High trust in validators 

Proof of Work 
Proof of Stake 

High anonymity of 
validators 

Identity Known identities 
Anonymous 

Pseudonymous 

Token If token exists it holds no value 
Token to pay 

transaction fees and 
incentivize validators 

Advantages 
Low energy consumption 

Fast and scalable 
Legal ownership solved 

High immutability 
Safe 

Low maintenance cost 
for users 

Disadvantages 

Higher development costs (for certain 
applications) 

Harder to add participants to the network 
Higher security risk 

Lower data privacy 
Slow and not scalable 

Low development 
speed 

Limited storage 
capacity 

Examples 
MONAX, 
Multichain 

Corda by R3, Energy 
Web foundation 

(EWF), B3i 

Bitcoin, Ethereum, 
Monero, Dash, 

Litecoin, Dodgecoin 

3.1.2.1 Public blockchains 

Public blockchains are completely open and anyone can join and participate in the network, due to 
the fact that pre-approval is not required (Jayachandran, 2017). Public blockchains function 
without a single entity having the coordinating role, that is there is no central owner of the 
blockchain. The need for parties to trust a central entity is thus eliminated. (World Bank Group, 
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2017) In public blockchains, trust and coordination are instead created by economic incentives. 
The public blockchain, therefore, has no need for traditional legal contracts. (Blockchain Hub, 
2017) There are no restrictions on the rights of reading or writing for public blockchains, and the 
nodes’ identities are undisclosed using pseudonymous (OECD, 2017). Public blockchains tend to 
be more secure than private blockchains due to the fact that it is harder to change information on 
the blockchain. The immutability is therefore high. However, public blockchains are often slower 
and more expensive than private blockchains. (Laurence, 2018) When the code is public, the 
vulnerability of the code increases, creating the need for the public blockchains to be fortresses. 
As a result, the development speed of the blockchain is slower. (Schwartz, 2016) Due to the large 
number of nodes and previous blocks in a public blockchain, the storage capacity is also limited 
(Laurence, 2018).  

3.1.2.2 Private blockchains  

Private blockchains are reliant on a closed network, with pre-approved individuals (Blockchain Hub, 
2017). An owner or an administrator of the ledger is responsible for network access and installing 
the rules of the ledger. In private blockchains, the number of participants in the network is fewer 
than in public blockchains, which makes the validation rules easier to adjust and it could be possible 
to reverse a transaction (Vos, 2016). With private blockchains, it is possible to take advantage of 
the benefits of blockchains without opening up the system to the public. Nevertheless, they can 
have a higher security risk, just as a centralized system, since transactions are verified internally and 
not using high computing processes. Private blockchains are often used for database management 
and auditing. (Blockchain Hub, 2017)  

3.1.2.3 Consortium (hybrid) blockchains  

A hybrid blockchain, placed in between the public and the private blockchain on the scale of openness 
and decentralization (see Figure 5), can also be employed (World Bank Group, 2017). The hybrids 
are developed in order to find the right balance of security, auditability and scalability for the 
applications that run on them (Laurence, 2018). Hybrid approaches are often consortium blockchains, 
where the entitled participants, which handles the validation and execution of the transactions, are 
members of the consortium (OECD, 2017). An example of a hybrid blockchains (which is a public 
permissioned ledger) is Ripple. The blockchain is permissioned but all participants act as validators, 
making it a public blockchain in terms of access but permissioned since not everyone can join and 
have a role in the network. (World Bank Group, 2017)  

3.1.2.4 Permissioned and Permissionless blockchains 

The construction of public, private and consortium blockchains are not the only way to build a 
blockchain. The structure of the blockchain can also be either permissioned or permissionless. In 
permissioned blockchains, writing and validation rights are restricted to certain actors. Participating 
actors thus need special permissions to write and validate information on the blockchain. (OECD, 
2017) To be able to constrain network participation and access to information, all participants on 
a permissioned blockchain have a unique identity, which means that there is no anonymity for the 
participants (Gupta, 2017). Private and consortium blockchains are generally permissioned 
blockchains. (Jayachandran, 2017). Permissionless blockchains are the contrary to permissioned 
blockchains; everyone is allowed to write and validate information on the blockchain (De 
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Breuckon, 2017). Public blockchains are often permissionless blockchains. In permissioned 
blockchains, bilateral or multilateral legal agreements uphold the framework for trust and 
coordination, while trust and coordination are established by code in permissionless blockchains 
(Blockchain Hub, 2017).  

3.1.2.5 Smart contracts 

Smart contracts in the context of blockchain are contracts written on a blockchain that are 
automatically executed when they are triggered by a defined input. The smart contract can, for 
example, control real-world assets (e.g. real estates or shares) and when predetermined conditions 
are reached (e.g. the right amount of money is paid), the agreed terms of the contract by the users 
of the blockchain, are executed (Underwood, 2016). Any instruction that a computer could 
perform is theoretically possible to be run by a smart contract. To do this, the contract need to 
define the underlying assets, inputs and consequential actions (World Bank Group, 2017). 
 
Ethereum, the open software platform based on the blockchain technology, is constructed as a tool 
to create smart contracts, and allows arbitrary code to run on the blockchain if it is paid for (Kairos 
Future et al., 2017). To avoid dead loops, the system consumes money (Ether) during running, and 
will stop when the account is spent (Merz, 2016). Since smart contracts are computer code written 
by humans, the contracts will only have the amount of intelligence as the people who developed 
and audited them had. Therefore, human errors are possible. Furthermore, it can be hard to 
accommodate for new conditions that were not foreseen. (Shermin, 2017) A company called 
Clause is trying to develop smart contracts that are collecting information from sensors, web 
service APIs, and enterprise software systems to account for these unforeseen conditions (Clause, 
2017). It is extremely hard to retroactively modify smart contracts or end the contract on 
permissionless blockchains, due to the fact that the whole network need to come together and 
reach consensus on the action to take (OECD, 2017).  

3.1.3 Blockchain with other technologies 
Blockchain can, together with other technologies (e.g. cloud computing, robotics and virtual 
reality) underpin the current digital transformation. Combining different technologies and forming 
an ecosystem of technologies can lead to a broad and rapid digital transformation of the economy 
and society, creating new markets and economic behaviors that are completely different from the 
analogue era. (OECD, 2017) According to the National Research Council and the National 
Academy of Engineering (2014), blockchain has, due to its foundational nature, potential to work 
with many different technologies to create useful applications. Examples of other technologies 
could be Artificial Intelligence (AI), Biometrics, Cloud, Data Analytics, Internet of Things (IoT) 
and Machine Learning. Often discussed are the combination of blockchain and AI or blockchain 
and IoT; two interplays that are further explored in the paragraphs below. However, both areas 
are highly speculative due to few existing projects on the market. (Marr, 2018a) 

3.1.3.1 AI and Blockchain 

With AI programs, scientists are trying to create systems that can learn from past experiences, 
draw conclusions from data and analyze situations (van Zwanenburg, 2018b). Four different areas 
of how AI can be used with blockchain are presented below.  
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Encrypted data for AI 
Data on a blockchain is secure and encrypted, therefore, blockchain could be beneficial to store 
highly sensitive, personal data. For example, AI programs could utilize blockchains to store input 
and output data. (Marr, 2018a) Knowing that the data has not been tampered with can increase 
trust in the conclusions the AI programs arrive at (van Zwanenburg, 2018b). Moreover, in the 
future, it may be possible for AI algorithms to operate with encrypted data, resulting in higher 
security since data never needs to be exposed while being unencrypted. (Marr, 2018a) 
Implementing a blockchain based system could also increase the security of the AI system by 
controlling the actions of the devices accessing the AI using smart contracts. The whole blockchain 
network would then need to verify an action before it was performed. (Wiltz, 2017). 
 
Understand decisions 
Before people fully trust AI programs, AI systems’ conclusions need to be audited by humans to 
ensure that they reflect the reality (van Zwanenburg, 2018b). The decision process of the AI system 
leading to a conclusion could be recorded on a blockchain. Recording all the data, variables, and 
processes used by AI systems on a blockchain would simplify the auditing process. Furthermore, 
it would ensure that the record has not been modified, and thus create trust. (Marr, 2018a) The 
blockchain would provide transparency into the decision process of the AI program. Recording 
the process may be increasingly important when the AI algorithms increase in complexity. (van 
Zwanenburg, 2018b) 
 
AI marketplace  
SingularityNET is a startup trying to create a decentralized AI marketplace built on blockchain 
technology. Here AI algorithms can be sold and bought without a central party. (van Zwanenburg, 
2018a) 
 
AI as blockchain manager 
AI could potentially facilitate the implementation process of the blockchain technology by 
improving issues of the blockchain. The AI systems could function as more efficient managers 
than humans since the systems can learn from the data. (Marr, 2018a) For example, AI systems 
could help to detect layer intrusion issues, test smart contracts, optimize energy consumption and 
improve the performance of the hash functions (Marwala & Xing, 2018).  

3.1.3.2 IoT and Blockchain 

The Internet of Things (IoT) is a network of physical devices connected to the internet. The 
devices record information about their surroundings and thus produce a lot of data (Conoscenti 
et al., 2016). Blockchain is suitable to utilize with IoT because networks are getting fluid. Perimeter 
security is no longer sufficient and end devices deployed in IoT are distributed (Deshpande, 2017). 
IoT will bring a new set of security issues that will require innovative solutions, one solutions could 
be to combine it with blockchain and let the security be distributed (Wiltz, 2017). One of the 
biggest concerns with combining blockchain and IoT is how to process blockchains on small 
devices. A distributed network of potentially millions of devices would require processing power 
that many devices do not have. There are different suggestions on how this could be solved, for 
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example, a design with several types of blockchains or using a middleware to do the processing 
work (Wiltz, 2017). 
 
Three different categories and their use cases are identified for combining IoT and blockchain, 
which are presented below.  
 
Trade of goods and data  
A blockchain can be utilized to trade goods and data between machines or between humans and 
machines (Conoscenti et al., 2016). The IoT devices could facilitate payments between machines 
or between humans and machines and bartering services in the form of “hours of service” in 
exchange for information (Puig, 2016). Moreover, smart contracts could be used to automate 
trades, removing the need for a human to be involved in machine to machine trading. (Puig, 2016) 
It is possible to represent physical objects in the IoT, where they act directly as a blockchain 
participant. For example, a rent apartment that unlocks with the right access code delivered only 
when the lease has been signed on the blockchain (Merz, 2016). Another example is the washing 
machine that has the ability to initiate a transaction with a retailer using a smart contract when it 
is out of detergent, developed by Samsung in collaboration with IBM (OECD, 2017). The 
company Slock.it is working on giving IoT devices an identity and the ability to enter into 
agreements and trade without intermediaries, and thus utilizing Economy of Things (Slock.it, 
2018). IOTA is a foundation focused on developing feeless M2M micro transactions. It is based 
on Tangle instead of blockchain. Tangle uses a method where the current transaction includes a 
reference to two previous transactions, instead of only the last previous one, forming not a linked 
list but a complex web structure that mathematicians refer to as a Directed Acyclic Graph (DAG). In 
a distributed ledger using the DAG structure, transactions can be issued simultaneously and 
continuously, without needing the discrete time intervals as in a blockchain structure. (Rosulek, 
2017) 
 
Identity management  
The blockchain could be used for identity management of the IoT devices and their owners by 
using Public Key Infrastructure (PKI). It could also store descriptions and functions. During 
interaction with other devices, the devices could identify themselves with their public key. 
(Conoscenti et al., 2016) To have a digital signing by the device on the recorded data would also 
help assure the integrity of the data (Piscini et al., 2017). It will be difficult to maintain a system of 
simple username/password to verify the ID of people and devices when the number of devices 
and networks increases (Wiltz, 2017).  In the future, Identity of Things (IDoT) will be more 
common since machines and devices will be involved in more interactions (Rosulek, 2017). 
Ericsson Research are working on a concept called ID Brokering, a way of combining traditional 
identity management for SIM cards with blockchain-based management of device identities. A 
Proof-of-Concept prototype has been used to control access rights to WiFi access points. The 
identity is not validated by passwords but by using the information available in the blockchain. 
(Smeets et al., 2017) 
 
Data storage management  
The data produced and exchanged among IoT devices could be stored on a blockchain. The 
blockchain would register and authenticate all data and if any data was modified or deleted this 
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would be visible. Access policies could also be included on the blockchain, to prevent unauthorized 
parties to access the data. (Conoscenti et al., 2016) Moreover, blockchain could be used for storage 
audits by storing the hash of the data in the blockchain. Periodically this hash can be controlled to 
check if the data has been tampered with. Ericsson offers this solution with their Ericsson 
Blockchain Data Integrity which facilitate the process of detecting tampering. Data is signed and 
verified to a blockchain and in case of a failure it can generate an alert (Deshpande, 2017). 
Additionally, IoT enabled blockchains can be used in supply chains to automatically record the 
location of the products to a blockchain. Today, many parties are involved, and they may have 
different goals and use different systems to track shipment. With a shared ledger the transparency 
would increase and since IoT-objects automatically handles the connection with the blockchain, 
accuracy is improved. (Gupta, 2017) Since no human has access to the private key it is not possible 
to modify the data recorded from the machines (Marr, 2018b).  

3.1.4 Issues with blockchain 
Blockchain has obstacles that constrain its applicability in many situations. To reach its full 
potential blockchain needs to overcome these obstacles and prove its usefulness. The purpose of 
investigating the underlying risks with the technology is to understand when a blockchain solution 
is suitable and when it is not. Furthermore, the consequences of a blockchain implementation for 
an organization (further elaborated in section 3.1.5.3 Challenges with an implementation) can be 
evaluated and problems can be avoided. Common issues with the blockchain technology are 
presented in Table 3 and further elaborated in the following paragraphs. Technical barriers, 
however, are not described in detail with respect to the purpose of the report.  
 
Table 3 Summary of issues spread out on six categories. 

Regulation Unclear regulatory protocols / standards 
Energy Consumption Increase with complexity and use 

Governance 
Handle partnership collaboration 

Inconsistent procedures for disputes 
Shared data management 

Cybersecurity 
Off-chain security 
Possible new risks 

Technology 
Scale and speed 

Unclear development path 
Decision between digital solutions 

Organization 

Lack of top management support 
Insufficient internal digital culture 

Difficulty in assessing risk 
Integration with current architecture 

Lack of expertise 

3.1.4.1 Regulation 

Blockchain is facing many regulatory challenges. For example, to handle transnational networks 
and to enforce laws when there is no central intermediary that can be legally responsible (OECD, 
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2017). Legal issues can arise in the areas of jurisdiction, liability, intellectual property, data privacy, 
compliance with financial services regulation and data management. The nodes of the blockchain 
can be located anywhere in the world. The blockchain can, therefore, cross jurisdictional 
boundaries which requires careful consideration in relation to relevant contractual relationships. 
Regulation however, varies from country to country, and even in the EU it can be large differences, 
especially in the energy sector. More coordination between regulators will thus be important. 
(World Energy Council, 2017a). Even though blockchain creates regulatory issues some believe 
that blockchain has the potential to help organizations meet regulatory goals. For example, by 
providing greater transparency and simplify regulatory reporting. (World Energy Council, 2017a). 
 
Data privacy is a concern for blockchains since the stored data cannot be altered. If a contract 
expires or terminates, it can be hard to assure that all customer data is deleted (McKinlay et al., 
2017) However, there are multiple solutions to this problem. One solution is to encrypt the 
personal information using the private key and when the private key is gone it is no longer possible 
to access the information. It is also possible to only store the hash of the transaction on a 
blockchain, making it possible to erase transactions and only leaving a trail on the blockchain. 
(Piscini et al., 2017) 

3.1.4.2 Energy consumption 

Whether blockchain will increase or decrease the net energy demand is disputed. Due to the nature 
of the distributed ledger, the computer power increases with complexity and the use of the 
blockchain due to more calculations and transmissions and larger storage of information. Thereby, 
the required energy also increases. (World Energy Council, 2017a). The Bitcoin blockchain 
consumes the highest amount of energy due to the bitcoin mining. The bitcoin miners are required 
to use specialized computers needed to work through very power-intensive computing problems 
because of Bitcoins consensus algorithm, Proof-of-Work. (Peck and Moore, 2017) For private and 
consortium blockchains with other consensus algorithms, like Proof-of-Authority with administrators 
of the blockchain (Henderson et al., 2018) energy consumption is barely an issue (Vranken, 2017).   

3.1.4.3 Governance 

Governance includes for example procedures to handle disputes, wrongdoings and transaction 
reversals (Henderson et al., 2018). IBM Institute for Business Value (2017a) states that the 
challenges of governing a blockchain business network are more difficult than expected. 
Implementing a strong governance model includes defining the roles of the participants, the 
economic model and the legal structures. The first step in the governance plan should be to decide 
what type of blockchain the organization is in need of. Furthermore, the governance model should 
have the possibility to evolve with the development of the network. Data management (e.g. 
privacy, security and data standards) also needs to be taken into consideration before the 
blockchain is launched. 

3.1.4.4 Cybersecurity 

Whether blockchain will affect cybersecurity is discussed. Some argue that blockchain can 
strengthen the security today, while the technology may create new risks in the future (World 
Energy Council, 2017a). Blockchains themselves are considered fairly safe, however, the off-chain 
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security is also important. For example, how the private key is stored and how the blockchain 
interacts with the applications (e.g. mobile payments), that are built on top of it. (Henderson et al., 
2018) Therefore, the total security risk is not only dependent on the blockchain protocol layer 
(Mearian, 2017). Applications developed to interact with the blockchain need to be examined and 
monitored in order for the security of the blockchain to remain (World Bank Group, 2017). 
(Mearian, 2017) Due to the fact that the application layer of the blockchain is used by the end-
users, the application layer need to be secure and user-friendly at the same time (PwC, 2016). 
According to the World Energy Council (2017a), the blockchain technology is currently too 
immature to be truly judged on whether it will improve cybersecurity or not. Nevertheless, after a 
few years of operation, blockchains effect on cybersecurity will likely be easier to determine (World 
Energy Council, 2017a).  

3.1.4.5 Technology 

Today, many blockchain projects are pilot projects with limited scope (World Energy Council, 
2017a). Due to the early stage of the blockchain technology, problems, like availability of 
standardized hardware and software applications, and the availability of skilled professionals, arises 
(World Bank Group, 2017). Moreover, scalability and transaction speed are of concern. In general, 
there is a tradeoff between scale and speed of the blockchain. Permissionless blockchains often 
have limited transaction speed but global scale, while permissioned blockchains can have higher 
transaction speed but lack scale. (World Bank Group, 2017) Scalability issues may be an even 
bigger concern in the future. Especially if more IoT devices will be included in a blockchain 
network. They are unable to store all the data and help in the validation process due to limited 
storage and computing resources (Creyts & Trbovich, 2018). 

3.1.4.6 Organization  

Organizational issues, for example lack of top management vision and support, and insufficient 
internal digital culture, are hindering the blockchain development (World Energy Council, 2017a). 
Another issue is the difficulty in assessing the risks for different blockchain offerings (Mahdi and 
Care, 2017). Moreover, for organizations with existing efficient digital solutions, blockchain’s 
potential to reduce costs is limited. Therefore, to assess created value from a blockchain solution 
compared to alternative solutions may be difficult. If a company decides to utilize blockchain, one 
of the most important but also difficult parts is to integrate blockchain with the legacy 
environment. The IT architecture is heavily dependent on product selections and designs chosen 
by the organization. The integration process, therefore, needs to be well considered. (World 
Energy Council, 2017a) 

3.1.5 Implementation of blockchain  
The following sections will facilitate the understanding of how a company can find blockchain 
applications and conditions that need to be consider before an implementation. The literature is 
used as a basis for the developed framework further explained in chapter 6 Framework.  

3.1.5.1 The process of identifying blockchain applications  

In the article “A Strategist’s Guide to Blockchain” Plansky et.al. (2016) describe a four step process 
a company should follow when establishing a blockchain business strategy. The four steps are: (1) 
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Find specific opportunities, (2) Explore feasibility and readiness, (3) Put your prototypes to work, 
and (4) Scale your efforts appropriately. In the first step, a list of potential blockchain pilot projects 
representing specific opportunities should be compiled. Plansky et.al. (2016) recommend that a 
specific task group can be assigned for this task which has a clear understanding of the company’s 
strategic goals. Furthermore, Plansky et.al. (2016) describes that the pilot projects will be most 
effective if the blockchain application will enhance the company’s most distinctive capabilities, as 
well as strengthen the company's value proposition. Important to remember is that the blockchain 
technology is still at an immature stage. Therefore, the company will benefit from elaborating pilot 
projects which allow the company to explore the potentials and costs associated with the 
investment before committing to the application completely. In order to effectively find potential 
areas which could be improved by blockchain, Plansky et.al. (2016) suggest that the task group 
should consult with company stakeholders, both from inside and outside of the organization. 
(Plansky et.al., 2016) 
 
In the second step, the list if potential blockchain pilot projects should be elaborated by including 
the assumption of how blockchain will improve the specific area. When doing so, Plansky et.al. 
(2016) advocate that the task group should consider the legislative and regulatory environment, 
the company’s competitive landscape, how connected market participants (such as suppliers, 
customers, and competitors) might adopt to the technology, and the company’s capability to cope 
with change. When the applications are elaborated, next phase is to prioritize them and select a 
few to continue working on. Plansky et.al. (2016) clarify that the prototypes should be limited and 
tangible enough to be able to test the blockchain technology, while at the same time be relevant to 
the company’s core business. (Plansky et.al., 2016) 
 
In the third step, the task group should put the prototypes to work. If needed, the parameters of the 
prototypes can be altered to reach desired outcome at the implementation stage. However, it is 
important to assure that the project remains relevant to the company strategy. (Plansky et.al., 2016) 
 
In the fourth step, the focus is on investigating the results of the prototypes of the project, which 
should clarify the improvements, costs and potentials associated with the blockchain application 
if fully implemented in the organization. If the application is successful, the next phase is to 
develop a plan, based on the results of the first prototypes, of how the project can be scaled up in 
a measurable and achievable way. (Plansky et.al., 2016) 
 
Another report, written by EY (2017) recommends three key phases in the process of exploring 
blockchain technology. The first phase constitutes of identifying the opportunities of the 
technology, the second phase focuses on developing innovative solutions to take advantage of the 
opportunities, and the third phase consists of implementing the solution in a successful way. EY 
(2017) recommend that a strategy is developed in the first phase of the process as a help to establish 
which areas in the firm would benefit from a blockchain implementation and which areas are most 
vulnerable to disruption. The strategy should at least contain: (1) a framework for identifying 
opportunities and threats, as well as relevant existing use cases, (2) a structure of the team involved 
in the project and affected stakeholders, and (3) a prioritization matrix or framework for identifying 
and prioritizing appropriate blockchain opportunities. During the second phase when blockchain 
solutions are developed, the company should focus on the solutions with the greatest opportunity 
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and the minimal risk. When the solutions have been developed they should be aligned to the 
company business and technology strategy.  

3.1.5.2 Conditions of blockchain applications  

The limited amount of reliable technology evaluation of blockchain, as well as, the lack of 
guidelines if blockchain is appropriate for a specific use case, makes it difficult to determine if 
blockchain is appropriate or not. (Lo et. al., 2017) In an attempt to establish when blockchain is 
beneficial to utilize, some companies and professionals have developed different tools (often in 
the form of questionnaires) as a help for organizations in the implementation process of 
blockchain. The attributes a blockchain applications should possess can be determined by both 
examining conditions that need to be fulfilled and conditions that should be considered (presented in the 
following paragraph).   
 
Conditions that need to be fulfilled  
The World Energy Council (2017a) lists six necessary conditions and argue that at least four out 
of the six conditions should be applied if blockchain should have strong potential to provide a 
solution for an organization. The six conditions are:  

1. Multiple parties share data.  
2. Multiple parties update data.  
3. Requirement for verification, i.e. the participants need to trust that recorded actions are 

valid. 
4. Intermediaries add cost and complexity, i.e. removal of the intermediary can potentially 

reduce costs and complexity.  
5. Interactions are time sensitive.  
6. Transaction interaction, i.e. transactions created by different participants depend on each 

other.  
 
Greenspan (2015) has developed eight conditions he believes needs to be fulfilled to be able to 
obtain a successful blockchain project. If not all of the conditions are fulfilled, the company should 
not utilize blockchain, Greenspan argues. If any of the first five conditions cannot be met, the 
company should consider utilizing a regular file storage, a centralized database, a master-slave 
database replication or multiple databases to which users can subscribe instead. The last three 
conditions are consequences of the first five. The following list is a summary of Greenspan’s eight 
conditions: 

1. Need of a shared database.  
2. Multiple writers involved, i.e. there needs to be more than one entity which is generating 

the transactions that modify the database.  
3. Absence of trust between participants.  
4. Not in need of/want to eliminate trusted intermediaries.  
5. Transactions created by different participants depend on each other. 
6. The database must contain embedded rules that restrict the transactions performed.  
7. Who the validators of the blockchain are and why they are trusted needs to be clear.  
8. What strengthens the value of the blockchain assets in the real world needs to be clear.  
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Palfreyman (2017) agrees with Greenspan and clearly states that blockchain is not needed if there 
is no business network between multiple parties which verify assets and transactions. Then, a 
distributed database would probably be a more appropriate solution. Moreover, blockchain is 
beneficial if trust is crucial in the network and it is important to know who has done what and 
when (Palfreyman, 2017).  
 
As the understanding of blockchain evolves and more and more blockchain use cases appear, the 
way of evaluating if blockchain is appropriate also needs to be developed (Lewis, 2017). Lewis 
(2017) believes the common questions like “Do you have lots of participants?” or “Is there data 
sharing?”, are no longer sufficient enough to answer if blockchain is the right solution. Instead, 
Lewis (2017) has developed three more nuanced questions he reasons should be more suitable to 
determine if real value is created. The first question a company needs to consider is if there are 
bilateral or multilateral B2B workflows where each participant needs to independently validate the 
other participant’s data accuracy and/or processes. The second question is if the company would 
be able to design an industry utility that would make sense, and why the solution has not been 
developed yet, and the third question is if centralization is a risk. (Lewis, 2017) 
 
Gupta (2017) states that the following questions should be evaluated, and at least one of the 
answers to the questions should be yes, for a blockchain to be the right solution:  

● Does my business network need to manage contractual relationships? 
● Do we need to track transactions that involve more than two parties? 
● Is the current system overly complex or costly, possibly due to the need for intermediaries 

or a central point of control? 
● Can the network benefit from increased trust, transparency, and accountability in 

recordkeeping? 
● Is the current system prone to errors due to manual processes or duplication of effort? 
● Is the current transaction system vulnerable to fraud, cyber-attack, and human error? 

 
Bauerle (2018) has compiled previous work trying to establish when to exploit blockchain and 
when to utilize older, more mature databases, into three questions. The first question is if the data 
is dynamic with an auditable history. The second question is if the data should or can be controlled 
by a central authority. If that is the case, another database might be favorable. However, if the 
central authority needs to be removed, for example due to long transaction periods or trust issues, 
blockchain might be more appropriate. Bauerle’s third question is if the speed of the transactions 
is the most important thing to consider. For now, centralized data systems are faster and less 
expensive than blockchain if millisecond transactions are required. 
 
Lo et. al. (2017) have constructed a blockchain evaluation framework (Figure 6) consisting of 
criteria to assess the suitability of applying blockchain. The framework is based on existing 
industrial products, technical forums, academic literature and the authors own experience of using 
blockchains and developing prototypes (Lo et. al., 2017).  
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Figure 6 Blockchain suitability evaluation framework (Lo et. al., 2017). 

The suitability evaluation framework consists of seven main questions that need to be answered 
(white decision nodes), and four subquestions (grey decision nodes). The first question is whether 
multiple participants are involved, since a system with a single entity can utilize other relatively 
cheaper solutions to achieve the same properties as blockchain. The second question is if a trusted 
authority is required. Blockchain is applicable for scenarios without a trusted authority or for 
scenarios were the system would benefit from decentralizing the current, trusted authority. The 
advantage with blockchain is that the single point of failure is removed. However, the trust is not 
removed, only shifted from the intermediary to the decentralized blockchain system. The third 
question is if the system operation is centralized. In a blockchain no single party controls the 
system which creates challenges for governance, and the management of the blockchain system is 
more like diplomacy than traditional risk management or conventional product management. 
Therefore, blockchain is not suitable for a system that requires centralized operations. The fourth 
question is if data transparency or confidentiality is most important, since greater transparency is 
in conflict with confidentiality, even if pseudonyms and encryption are used. Encrypting the data 
on the blockchain may increase confidentiality, but it can also reduce performance, transparency 
or independent auditability. Confidentiality may also be improved by only storing a hash of data 
on-chain and keep the raw data off-chain, however, that partly undermines the benefit of 
blockchains in providing distributed trust. The fifth question is if data integrity of the transaction 
history is required. If that is the case blockchain may be favorable. The sixth question is if data 
immutability is required. The fact that the data is immutable is normally a good thing, however, in 
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real life problems like disputed transactions, incorrect addresses, exposure or loss of private keys 
or data-entry errors, can occur, which may make the blockchain less adaptable than conventional 
technologies controlled by trusted intermediaries. The last question is if high performance is 
required. An inherent limitation of blockchain is that blockchain is not suitable for storing large 
volume of data and high velocity data, due to the large number of processing nodes holding a full 
copy of the distributed ledger.  
 
Conditions that should be considered 
The World Energy Council (2017a) argue that a company that wants to implement blockchain in 
the organization needs to discuss several parameters before the company can be certain that 
blockchain is the right solution. These parameters are for example, uncertainties of the blockchain 
technology, alignment with the future strategy, disruption of existing operations, collaboration and 
governance of the blockchain.  
 
Cole (2017) argue that a good blockchain use case needs to involve an identifiable business network 
with participants, assets and transactions, and there should be a need for trust between the 
participants of the blockchain. Furthermore, the use case needs to solve a business problem that 
cannot be solved with other technologies or approaches (Cole, 2017). If the conditions are met 
and the company decides to implement blockchain, Cole (2017) reasons that the company should 
start the blockchain project with a smaller business network, favorably without the requirement of 
regulators, and a limited scope, to make it easier to implement blockchain and measure the impact 
on the organization. 
 
IBM Institute for Business Value (2017a) declares that when an organization start a blockchain 
project, it is important to start small, identify the objectives of the project and take regulatory 
challenges into account. It is beneficial if the goals of the project are agreed on by all parties to 
ensure that the participants are on the same page. They recommend around three business partners 
in the beginning phase. This is a good amount in order to agree on the governance of the 
blockchain and start to identify roles and responsibilities. Iansiti and Lakhani (2017) also agrees 
that a good start is by initiating a small project to develop the know-how to think bigger. However, 
they also advice executives to think carefully about if they are ready for the potential risks involved 
in experimenting with blockchain and that the way to acceptance of blockchain is different in every 
industry. Panetta (2017b) states that before a blockchain implementation the organization needs 
to ensure that they have the right blockchain knowledge and cryptographic skills to understand 
what is and what is not possible.  
 
Kejriwal and Mahajan (2017) describe that when the company has decided to realize a blockchain 
solution, the firm needs to determine who they should collaborate with based on which issues or 
opportunities the firm has in common with peers and competitors. Additionally, the firm should 
evaluate if privacy is vital for the blockchain application, and if regulations might impact the 
blockchain design.  
 
IBM Institute for Business Value (2017b) declare three concerns a company need to acknowledge 
when developing a blockchain project. The first concern is that the company needs to ensure that 
all involved parties in the project receive some level of economic advantage. The participants 

https://listingcenter.nasdaq.com/ClearinghouseArticle.aspx?id=317&version=6
https://listingcenter.nasdaq.com/ClearinghouseArticle.aspx?id=317&version=6
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should identify new business opportunities and take advantage of the interactions of an ecosystem 
by leverage the strengths of others. The second concern is that, in the beginning of the project, the 
company needs to find participants they can trust to develop the blockchain with. A smaller, 
trusted group of industry partners, a so called “minimal viable ecosystem”, can be a good way to 
start a collaboration. The third concern is that the company will probably not benefit from a wait-
and-see approach, as early adopters are gaining knowledge and experience that cannot be quickly 
copied. (IBM Institute for Business Value, 2017b) 
 
As with all new implementation projects the benefits, costs and risks with the project needs to be 
evaluated. Panetta (2017a) has compiled the costs and the benefits with blockchain (Figure 7) while 
some risks are presented in the next section 3.1.5.3 Challenges with an implementation.  
 

 
 

Figure 7 The costs and the benefit of blockchain (modified from Panetta, 2017a). 

3.1.5.3 Challenges with an implementation 

For a company to be able to accomplish a successful blockchain project it is important that the 
company understands the challenges that are associated with implementing the technology. To 
understand the challenges for the organization, it can also be valuable to understand challenges 
with the technology which are discussed in section 3.1.4 Issues with blockchain.  
 
In the report “Blockchain Enigma Paradox Opportunity”, Deloitte LLP (2016) lists six areas of 
concern which involves key challenges; (1) Awareness and understanding, (2) Organization, (3) 
Culture, (4) Cost and efficiency, (5) Regulation and governance, and (6) Security and privacy. The 
first challenge Deloitte LLP (2016) addresses is the lack of awareness and understanding of the 
technology, which Deloitte argue hinder investments and exploration of ideas. To increase the 
understanding, companies can examine who the leader of the blockchain technology in the 
company industry is, and what competitors and peers are doing with blockchain. The second 
challenge influence collaboration between organizations. To address the challenge, organizations 
can investigate which problems or opportunities the company share with other firms in the 
industry, if bottlenecks prevent collaboration, and if a blockchain collaboration would still enable 
a competing market place. Culture is the third challenge due to the fact that blockchain transforms 
the traditional industry practice, since trust and authority is placed in a decentralized network rather 
than in a central institution. According to Deloitte LLP (2016) “it has been estimated that a 
blockchain is about 80 percent business process change and 20 percent technology 
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implementation.” To understand how change will take place if blockchain is implemented, the 
organization needs to consider impacts on the strategy, organizational structure, business 
processes, governance and legacy systems. The fourth challenge is cost and efficiency, companies 
of a blockchain collaboration needs to take into consideration how costs and processing load can 
be shared among the participating parties, and what the business case is for implementing 
blockchain. The fifth challenge, concerns how regulation and governance impact a blockchain 
implementation. Firms that conduct a blockchain project thus need to comprehend how current 
regulations will affect the project, as well as how the company should work with the regulators. 
The final challenge organizations need to manage is the privacy and security of the data stored on 
the ledger, since many blockchain applications require smart transactions and contracts to be 
directly linked to known identities. Thus, firms need to examine how security is established for the 
application, if privacy is a priority and who has access to the ledger and how access is controlled. 
(Deloitte LLP, 2016) 

3.1.5.4 Decide type of blockchain 

Harrison (2018) recommends an organization to evaluate network roles, use cases and user friendliness 
before choosing the type of blockchain. By determining which participants that should be involved 
in the network, it is easier to evaluate which blockchain type is suitable. The use cases will affect 
the transactions that the blockchain will be used for and thus will impact what attributes are 
needed. Furthermore, Harrison states that it is important to evaluate how user friendly the 
blockchain solutions are, so that a good fit for the organization is chosen.  
 
To ease the decision of which type of blockchain a firm should utilize Wüst and Gervais (2017) 
have developed a flowchart (Figure 8), which indicates if a firm is in need of a permissionless, public 
permissioned or private permissioned blockchain, or not in need of a blockchain at all (more on 
the different types of blockchains in section 3.1.2 Types of blockchains).  

 

Figure 8 Flowchart to determine which type of blockchain should be utilized (Wüst and Gervais, 2017). 
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3.1.6 The future of blockchain 
The future of blockchain is not clear. Some believe that all public blockchains will converge to one 
worldwide public blockchain while many different private blockchains remain, whereas others 
believe that several public blockchains will co-exist (World Bank Group, 2017).  
 
Today, an interoperability barrier exists because the blockchain technology is evolving in many 
different ecosystems (Underwood, 2016). However, many tools (e.g. Blockstream (OECD, 2017) 
and Overledger (Illgner, 2017)) are being developed to make different blockchains interoperable 
(OECD, 2017). A problem with creating interoperability is handling governance, since it is likely 
that the two different blockchains have different policies (Illgner, 2017). Furthermore, it is 
currently not clear how the blockchain technology will evolve or which architecture for distributed 
ledger technologies that will be dominant in the future. Blockchain is faced with some 
uncertainties, such as quantum computing, that could expose a risk to consensus mechanisms such 
as Proof-of-Work (Atzori, 2017). 

Despite its challenges, blockchain is deemed to have significant long-term benefits and placed 
number eight at Gartner’s (2018) “Top 10 Strategic Technology Trends for 2018”. When the 
World Energy Council (2017) made their latest “World Energy Issues Map”, blockchain was 
recognized as one of the most critical uncertainties within the digitalization elements. Most of the 
asked energy leaders expect blockchain to have a large impact within five years. In a study 
performed by the World Economic Forum (2015) the tipping point (to hit mainstream market) 
for blockchain technology is calculated to be in 2027, when 10 percent of global gross domestic 
product (GDP) is stored on blockchain technology. According to the “2017 Gartner Hype Cycle” 
(see Figure 9) blockchain has passed the peak of inflated expectations and is now becoming a more 
mature technology, and the plateau of productivity will be reached in five to ten years (Panetta, 
2017c). 

 
Figure 9 The 2017 Gartner Hype Cycle (Panetta, 2017c). 
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3.2 District heating 
District heating is an infrastructure which connects regional energy sources with energy consumers 
(Svensk Fjärrvärme, 2009).  

3.2.1 The heat market 
Access to secure heat supply is an important societal function (Ryde ́n, 2017), and the heat demand 
in buildings, premises and industries constitutes one fourth of Sweden’s energy use 
(Energikommissionen, 2017). Four heat supply options dominate the heat market: district heating, 
electricity heating, heat pumps, and biofuel boilers (see Figure 10) (Energikommissionen, 2017). District 
heating is the market leader. In 2014, district heating had a market share of approximately 55 
percent of the heat supply to buildings (Werner, 2017).  

 

Figure 10 Market shares for heat supply to residential and service sector buildings in Sweden between 1960 and 2014 with 
respect to heat delivered from various heat sources (Werner, 2017). 

3.2.2 The district heating market 
The district heating market has had a positive development during the last decades (Rydén, 2017), 
and is characterized by high security of supply, low carbon dioxide emissions, and efficient use of 
available heat sources (Werner, 2017). In the year of 2015, the district heating delivered 58 percent 
of the energy usage in residencies and premises, compared to Europe that on average only has 10 
percent (Svensk Fjärrvärme, 2009). The amount of district heating produced in Combined Heat 
and Power (CHP) plants, (i.e. both district heating and electricity is produced) is around 40 percent 
(Energimyndigheten, 2017).  
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3.2.3 History 
The first municipality that owned a district heating network was established in 1948 (Svensk 
Fjärrvärme, 2009), since then district heating has continuously been developed 
(Energikommissionen, 2017). The major breakthrough for district heating arose after the oil crisis 
in 1973. Around that time, the construction of the buildings in the building policy “Million 
Programme” was completed and connected to the district heating grid (Svensk Fjärrvärme, 2009). 
When the electricity market was deregulated in the year of 1996, it was also decided that 
municipality owned district heating companies should be commercially operated. Many of the 
municipality owned companies were bought by private companies, for example Vattenfall, E.ON. 
and Fortum (Svensk Fjärrvärme, 2009). Today, nearly 65 percent of the district heating in Sweden 
is operated by municipality owned companies, while 35 percent of the district heating system is 
operated by private or governmental energy organizations, or by municipal organizations. 
(Energikommissionen, 2017)  
 
District heating has a high market share on the heat market, even though Sweden does not have 
any national district heating policies. Instead, the growth of the district heating is due to consistent 
energy and climate policies, where fossil fuel use has been discouraged and new smart solutions to 
continue delivering heat in a sustainable way have been favored. (Svensk Fjärrvärme, 2009) The 
lack of competition from natural gas, as well as, the fact that the Swedish climate is beneficial for 
district heating (despite the relatively low-density building infrastructure) are also influencing 
factors (Magnusson, 2012).  

3.2.4 System structure 
In a district heating system, water is centrally heated in one or more production facilities, which is 
then distributed in a closed pipeline network to the customers connected to the system 
(Energikommissionen, 2017). Thus, district heating is characterized as a grid-based system, often 
with large investments cost, resulting in large sunk costs (Magnusson, 2012). Due to economies of 
scale it is often only profitable to have one district heating pipe system per distribution area 
(Energikommissionen, 2017). This geographical constraint makes the district heating a natural 
monopoly, with substitutes as the main competition (Sandström, 2013). Moreover, most district 
heating companies are vertically integrated, thus in charge of the whole process; production, 
distribution, and selling of the district heating (Sandström, 2013). When the district heating is 
produced and distributed out in the network system, the heat is delivered to substations in the 
buildings. The delivered heat can be utilized for space heating and heating water. (Werner, 2017) 
 
In the Stockholm region, Stockholm Exergi, Söderenergi, Eon Järfälla and Norrenergi are 
connected to a regional district heating system divided in two separate networks, connected to 
many subsystems, extending from Arlanda in the north to Södertälje in the south (see Figure 11). 
The operation of the network is jointly optimized by the district heating companies, however, the 
companies can only control changes and choice of fuel in their own facilities. (Erselius, 2018) 
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Figure 11 Stockholm’s regional district heating system (Erselius, 2018). 

3.2.5 Fuel 
When district heating first was introduced, coal was the dominant fuel. However already in 1950, 
oil became the main resource. In the year of 1970, almost 100 percent of the district heating was 
fossil fuel based. Due to the oil crisis during the 1970’s however, the fuel price increased 
significantly. Many companies started to utilize other resources, for example peat, biofuels, waste 
heat from the industries, solar heat, as well as production from heat pumps, which decreased the 
amount of fossil fuels used considerably. Introduction of carbon dioxide and sulfur taxation on 
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fossil fuels, during the 1990’s, reduced the fossil fuels even more, which were replaced mainly with 
biofuels. (Energikommissionen, 2017) Figure 12 illustrates the amount of energy produced from 
the district heating by different fuels, during the year 1970 to 2015. 

 

Figure 12 Amount of energy produced from the district heating by different fuels, during the year 1970 to 2015 (modified 
from Energimyndigheten, 2017). 

3.2.6 Customers 
District heating is foremost utilized for heating of buildings and hot water (Energikommissionen, 
2017). It is most commonly used for multi-family residential houses, service sector buildings, 
single-family residential houses, industrial premises and processes as well as ground heating for 
snow removal (Werner, 2017). During 2015; 50 percent of the district heating was delivered to 
multi-family buildings, 37 percent to premises and 13 percent to single-family residential houses 
(Energimyndigheten, 2017).  
  
District heating companies have been criticized for their strong position compared to customers 
and other shareholders. The criticism has arisen due to the lock-in effect customers can experience 
due to high investment costs when connecting to the district heating network, the fact that the 
customers only have one district heating option to choose, and the lack of price stability and 
predictability. (Energikommissionen, 2017) 
 
In the year of 2008, the parliament established a district heating law with aim to strengthen the 
customers position and to create a more transparent market. (Svensk Fjärrvärme, 2009) The law 
constitutes that the district heating companies must negotiate with the district heating customers 
regarding certain agreements. Furthermore, the law contains a protection for consumers against 
interruptions in the distribution of district heating and declare that district heating companies 
should provide the customers with information about their operations and business conditions. In 
2012, the district heating law was complemented with rules regarding measurement and charging, 
which requires monthly measurement and charging of actual heat usage, and in 2014 the law was 
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supplemented with rules which gives external heat producers, under certain conditions, the right 
to access the district heating networks. (Energikommissionen, 2017) 
  
Another concern for the district heating has been that both public and professional awareness 
often have been low, even though district heating systems have been successful in supporting 
various society goals, especially environmental goals. An explanation for this can be the complexity 
of the system and the invisible distribution pipes, buried in the ground. Furthermore, the 
customers (often property owners) with contact with the district heating companies are often not 
the end users (often residents). (Werner, 2017)  

3.2.7 Stockholm Exergi  
Stockholm Exergi (previously Fortum Värme) is a district heating company located in Stockholm 
which produces district heating, district cooling and electricity, and the company is owned to equal 
parts by Fortum and Stockholms stad (Stockholm Exergi, 2018c). Stockholm Exergi delivers 
heating and cooling to over 10,000 customers (Fortum Värme, 2016) and over 800,000 residents 
in Stockholm. Economically, the biggest customer group is the real estate companies, which stand 
for 61 percent of Stockholm Exergi’s revenue from heat sales. The housing cooperatives are the 
largest customer group counted in numbers, 5000 housing cooperatives are connected to 
Stockholm Exergi’s network. (Stockholm Exergi, 2018c) Other customers that Stockholm Exergi 
deliver heat to are construction companies, industries, private customers and single-family 
buildings as well as other companies (Fortum Värme, 2016). 
 
Stockholm Exergi is responsible for both the production and the distribution to the customers, 
and the value chain (Figure 13) can simply be described as five major process steps: (1) purchase of 
fuels, goods and services, (2) production, (3) distribution, (4) customers and society, and (5) decay products. 
(Stockholm Exergi, 2018c) The majority of the district heating companies in Sweden have the 
same value chain structure, however, some companies are not responsible for the distribution or 
does not have excess heat suppliers connected to their network.  

 
Figure 13 A simplified view of Stockholm Exergi’s value chain (modified from Stockholm Exergi, 2018c). 
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Stockholm Exergi’s goal is to be resource and climate neutral by 2030. The goal will be reached by 
having 100 percent renewable and recycled fuels in their production, and already by 2022, the coal 
should be completely phased out. (Stockholm Exergi, 2018c) Furthermore, Stockholm Exergi’s 
aim is to meet demands of the customers and the society by taking advantage of the digitalization 
and the sharing and circular economy. (Fortum Värme, 2016) To strengthen the organization 
Stockholm Exergi has a number of strategic goals. The company should offer competitive, 
resource and climate efficient solutions for sustainable energy supply and be the obvious heat 
choice for existing and potential customers. Furthermore, collaboration is an essential part of 
Stockholm Exergi. (Stockholm Exergi, 2018c) 
 
Stockholm Exergi has created the concept “Open District Heating” which enables excess heat 
suppliers to connect to Stockholm Exergi’s network and sell waste heat to Stockholm Exergi 
(Stockholm Exergi, 2018a). By allowing excess heat suppliers, for example data centers, to connect 
to the network, energy can be recycled, making the district heating system more energy and fuel 
efficient, which contributes to efficient use of resources and reduced climate impact. Moreover, it 
enables Stockholm Exergi to become completely fossil fuel free as well as to utilize the district 
heating and cooling network in a smarter way. (Stockholm Exergi Öppen Fjärrvärme, 2018) To be 
able to increase the amount of excess heat that heats Stockholm, Stockholm Exergi has, together 
with four partners including Stockholms stad, created the project Stockholm Data Parks. The aim 
with the project is to attract international IT companies to develop data centers in Stockholm, so 
the centers can be provided with district cooling and their waste heat can be recovered. (Stockholm 
Exergi, 2018c) 

3.3 Trends that will shape the future 
This chapter is divided in three parts, contextual environment, industry environment and 
organizational environment, to connect with and facilitate understanding of chapter 5 Future 
scenario. Contextual trends are the trends the organization cannot influence, industry trends are the 
trends the organization can influence to some extent and organizational trends are the trends the 
organization can influence. 
 
The future encompasses a number of uncertain factors that will affect the development of the 
future district heating (Herngren & Morales, 2013). Even though it is very challenging to estimate 
how the future will develop, it is important to do so to be able to make strategic decisions based 
on the most plausible outcome of the future (Antoni, 2016).  

3.3.1 Contextual environment 
The energy system is strongly affected by several factors in the contextual environment 
(Stockholms stad, 2016b). Some of the factors that likely will affect the future energy supply, either 
separately or intertwined, are macroeconomic conditions, the general security situation, 
demographic factors, technological development (especially digitalization), education and 
competence level, increased financial dependencies, changing conditions for water, food and the 
climate, urbanization, population growth, politics, as well as changes in the energy sector. (Statens 
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Offentliga Utredningar, 2017) All of these factors affect (both individually and in interaction with 
each other) the future demand for energy. It is difficult to assess and predict the strength of these 
trends, however, it is clear that all aspects are important for the energy supply, both globally and 
in Sweden. (Energimyndigheten, 2016) 

3.3.1.1 Society, economics and sustainability 

The world is to a high degree interdependent and globalization has resulted in a vast array of new 
opportunities and challenges. Areas like finance, trade, communication, technology, movement of 
people and exchange of ideas, all affect each other and influence national development strategies 
and objectives. (UN, 2017a) Driven by rapid changes in technology and increased mobility of 
goods, services, capital and labor, globalization has greatly changed societies and has made the 
world more interconnected (UN, 2017b). 
  
Climate change is one of the greatest global challenges facing us today (Stockholms stad, 2016b). 
To be able to develop a sustainable society, planning and construction of infrastructure is crucial 
(Energimyndigheten, 2016), not the least due to the fast-increasing urbanization (Antoni, 2016). 
Furthermore, business models with focus on sustainable utilization of limited resources need to 
be developed. Therefore, the circular and sharing economy are becoming increasingly important 
(Antoni, 2016). Ecosystem solutions and resource-efficient natural cycles (e.g. turning waste into 
heat) will be more common (Stockholms stad, 2016a). 
  
Sweden and Stockholm work continuously to create a sustainable society. The goal is for Sweden 
to have 100 percent renewable electricity generation by the year of 2040, and by 2045, Sweden 
should have zero greenhouse gas emissions. (Statens Offentliga Utredningar, 2017) Stockholm’s 
goal is to be a fossil fuel free city by 2040, which is highly reflected in Stockholm’s climate strategy 
which affect all of the city’s operations. To reach the goals, collaboration between residents, 
industry, universities and public sector, as well as, smart technical solutions will be essential 
(Stockholms stad, 2016a). 

3.3.1.2 Technology 

The World Economic Forum (2015) has identified several technological megatrends that will shape 
the society. Firstly, people’s “digital presence” will be enhanced thanks to wearables and 
implantable technologies, resulting in new ways to interact with one another and objects. All things 
will be smart and connected to the internet, enabling greater communication and new data-driven 
services, and internet will no longer be viewed as a benefit, but rather as a basic right. Secondly, 
ubiquitous computing power will be available with nearly unlimited storage capacity, due to the 
continued decline in the size and cost of computing and connectivity technologies. Thirdly, Internet 
of Things will be very common and smart sensors will be introduced in all parts of the daily life 
(e.g. in homes, clothes, cities, transport, energy networks and manufacturing processes). Due to 
the fact that wireless technologies require less infrastructure than many other utilities, like 
electricity, roads and water, wireless infrastructures will likely be faster developed and easier to 
utilize. Fourthly, digitalization will enable the creation of big data, and big data together with AI and 
robotics will be utilized in decision-making situations. Lastly, the internet is driving the transition 
towards networks and platform-based social and economic models, and the sharing economy will 
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create whole new business models through online marketplaces, mobile apps, location services and 
other technology-enabled platforms. 
 
Technological advancements within the energy sector have consistently been rapid, especially 
technology regarding renewable energy sources like solar and wind power, energy efficient 
solutions, energy storage, and smart electricity grids (Statens Offentliga Utredningar, 2017). 
Stockholm’s goal is to be the world’s smartest city by 2040 (Stockholms stad, 2017a), and to reach 
that vision, the city will stimulate, guide and coordinate digitalization projects (Stockholms stad, 
2017b). Furthermore, shared secure IT solutions and data, will be essential factors towards the 
goal. Stockholms stad (2017c) 
  
Digitalization is one of the greatest technological breakthroughs in modern history, and it has 
created new opportunities for human interaction, market development and access to knowledge. 
The digitalization enables new business models to be developed, for example the sharing economy 
which enables better utilization of capital. (Statens Offentliga Utredningar, 2017) In the coming 
years, digital technologies will make the energy systems around the world more connected, 
intelligent, reliable and sustainable. For example, in the future, digitalized energy systems may be 
able to identify the demand for energy and deliver it at the right time, to the right place and to the 
lowest cost. (IEA, 2017) However, the digitalization also leads to greater importance regarding 
personal integrity and cybersecurity (Statens Offentliga Utredningar, 2017). 
 
For the district heating industry, digitalization will enable smart network management in the 
production and distribution, as well as in the properties. Asset performance measurement and 
verification protocols will be important, something that can be improved with blockchain and 
smart contracts. Additionally, digitalization will enable better cooperation with service providers 
and equipment manufacturers with the help of smart optimization and control technologies, as 
well as IoT communication technologies. (Lambert, 2015) Digitalization will facilitate the 
individualization of heat consumption and allow district heating companies to offer more 
diversified products and services to their customers. The offerings will be highly automated and 
standardized, while at the same time also be personalized through software. As a result, the 
organization will transform from a production-oriented organization to a service-oriented 
organization.  (World Economic Forum, 2015) 
 
A challenge for the district heating industry in the digitalization process will be system integration, 
and to handle the complex ecosystems of assets and processes evolving when systems are 
integrated. Furthermore, the line between the physical and digital world will not be as clear, due to 
networked sensors, embedded hardware and software, and IoT, which will result in changed 
industrial models. (World Economic Forum, 2015) In a more open market with more prosumers 
(consumer that produces), it is important to prevent vendor lock-in and technology obsolescence. 
To prevent vendor lock-in effects and technology obsolescence, open platform solutions could be 
utilized. Furthermore, the platform solutions will improve the data exchange between entities and 
make the transactions more transparent. Data will be viewed as an essential resource in the supply 
chain, and the data will be a valuable asset for demand response. (Lambert, 2015) To manage these 
data flows, where both data and processing tools are distributed, companies will benefit from 
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existing and upcoming distributed storage and processing technology to guarantee performance 
and data integrity. (Lambert, 2015)   

3.3.1.3 Energy politics 

Politics is necessary to shape the future according to specific priorities. At the same time, the whole 
society is affected by changes in energy policies. (Energimyndigheten, 2016) As a result of both 
political reforms and technological advancements, major reconstructions of the energy sector have 
taken place, and new actors have entered the market. Some consider that the reforms of the market 
together with the technological development have resulted in a shift of power, from the producers 
to the consumers. (Statens Offentliga Utredningar, 2017). 
  
The Swedish energy politics is built on the same three pillars as the EU’s energy politics, that is 
ecological sustainability, competitiveness and security of supply (Statens Offentliga Utredningar, 2017). 
During recent years EU’s established goals have laid the foundation for the energy politics in 
Europe, and the EU goals for 2020 has been transformed into directives and regulations and 
integrated in Swedish law (Energimyndigheten, 2017). The overall goal of the Swedish energy 
policies is to secure competitive energy supply, and to facilitate efficient and sustainable energy 
usage as well as a cost-effective energy supply with a low impact on the environment 
(Energimyndigheten, 2017).  
  
The heat market is strongly influenced by political policies at different levels (Värmemarknad 
Sverige, 2013b). Challenges for the district heating often concerns political decisions and goals, 
which in different ways are negative for the market’s competitiveness (Rydén et. al., 2017). The 
following policies and regulations are in use today and affect the heat market to a varying extent 
(Sköldberg & Rydén, 2014): 

● Energy tax 
● Carbon tax 
● Electricity tax 
● Emission trading  
● Electricity Certificate Systems 
● NOx fee 
● Building regulations  
● Deductions for renovation, remodeling and extension 
● Energy declarations  
● Technical procurement 

Today three new taxes are under review in Swedish politics from the 
“Förbränningsskatteutredningens förslag” (proposal for incineration tax assessment). Tax on 
waste incineration, tax on nitric oxide and a carbon tax. The final implementation is to this date 
(April 2018) not decided but it could potentially mean increased tax costs for district heating 
companies with 1,3-1,4 billion SEK per year. (Thornström, 2018). 
 
In addition, various policy objectives from the EU will affect district heating in the future. EU has 
long-term energy and climate policy goals to achieve (Sköldberg & Rydén, 2014). From the winter-
package presented in 2016 after the COP21 in Paris 2015, many new important directives are under 
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discussion. In short, they concern areas such as building’s energy performance, energy efficiency 
measures, renewable energy and the European Union Emissions Trading System (EU ETS). 
(Thornström, 2018) 

3.3.1.4 Energy 

Currently, the energy system is developed in a fast pace, and an effective utilization of energy is 
essential in the conversion of the energy system. To meet the demands of an effective and secure 
energy system, new technologies need to be exploited and integrated in the system. The 
technological development within all parts of the energy sector is rapid and new solutions are 
continuously developed. (Statens Offentliga Utredningar, 2017) According to the World Energy 
Council (2017b), energy leaders believe that technology is the key to a sustainable energy future. 
In particular, electric storage and renewable energy, are key areas that have the potential to dictate 
the pace and the scale of the energy transition (World Energy Council, 2017b). 
  
The changing energy environment also results in changed roles and responsibilities for different 
energy actors, including both existing and new actors on the market. As a result, the traditional 
structure of the energy sector is challenged and the need for a holistic view of the sector increases. 
(Statens Offentliga Utredningar, 2017) Today, the heat and electricity market are much more 
intertwined, and the heat market is an important part of the integrated energy market. Combined 
heat and electricity systems and stagnating or even decreasing heat demand have resulted in the 
transition from heat solutions to energy solutions. Furthermore, new products and services are 
developed, and energy companies transition from production-oriented organizations to service-
oriented organizations. (Sköldberg & Ryde ́n, 2014)  
 
The supply of electricity, which historically has been dominated by large, centralized production 
facilities, is increasingly derived from small-scale production reducing the incentive to build large 
electricity plants. (Statens Offentliga Utredningar, 2017) Low electricity prices are a major threat 
towards the combined heat and power plants, but according to Värmemarknad Sverige (2013b) 
the electricity price can be expected to increase in the future. In the future, the variable power 
supply will likely be higher due to increased wind and solar power in the system. High variation in 
power supply will result in high power prices. Situations with high power prices favor biomass and 
waste combined heat and power plants, while situations with low prices will favor using surplus 
electricity in large electric boilers and heat pumps. (Werner, 2017) In the Nordic countries, the 
demand peaks for heat and electricity coincide. As a result, when the demand for heat is the 
greatest, the potential to produce electricity in combined heat and power plants also is the greatest. 
Therefore, district heating is beneficial to control the power balance in the system.  

3.3.2 Industry environment 
The heat market is currently facing several major challenges, for example though efficiency goals, 
tougher competition between heating options, an internationalization of the fuel markets, and 
regulatory changes (Rydén et. al., 2017). Notwithstanding, Sweden does not have an overall 
strategy to meet these challenges (Sköldberg & Rydén, 2014). However, driving forces that 
historically have contributed to a successful district heating market are still valid and will probably 
be it in the future as well. District heating is still an efficient way to recycle heat from electricity 
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production, waste incineration and energy intensive industries. It is beneficial for utilizing biofuels 
and good for the environment, and the industry has political support. Moreover, the public 
consider district heating to be something positive, and it is an easy, cheap and secure heat source. 
(Svensk Fjärrvärme, 2009) 

3.3.2.1 Market growth 

The district heating industry has, for the last 40 years, progressed in a positive way and 
continuously grown due to increasing residential surface area that needs to be heated. By 2050, the 
population is assumed to grow by almost 20 percent, and with an unchanged demand in area 
standard (m2 per person), the residential surface area that needs to be heated will also increase. 
Thus, one might assume that the demand for heat will increase in the future. However, due to 
energy efficiency solutions and low heat consumption in newly constructed properties, the demand 
for heat is assumed to decrease. In recent years, the market growth has, therefore, stagnated and 
in some district heating networks even decreased. (Sköldberg & Rydén, 2014) Due to the 
construction of new energy efficient buildings, as well as, decreased heat demand in the existing 
constructions (Värmemarknad Sverige, 2013a), a slow decrease in heat delivery from the district 
heating industry can be expected (Sköldberg & Rydén, 2014). A decrease in heat delivery may result 
in declining profitability, since district heating companies have large fixed costs. However, 
important to remember when analyzing the district heating industry is that the conditions for the 
district heating companies vary greatly due to different network systems and geographical 
locations. Värmemarknad Sverige estimates that by 2030, the market share for district heating will 
be somewhere in the interval 45-55 percent, compared to the market share of 50 percent in the 
year of 2014. The inability to better precise the market share demonstrates how hard it is to predict 
the future (Sköldberg & Ryde ́n, 2014).  

3.3.2.2 Market structure 

The production of the district heating can be viewed as a natural monopoly. This means that it is 
not profitable to build a new pipe network parallel to an existing network. As a result, the only 
competition in a situation like this is the presence of substitutes. (Sandström, 2013) Due to the 
natural monopoly, discussions have been had over the years, regarding if the competition on the 
market is sufficient enough. (Odell, 2014). In the year of 2008, a new district heating law was 
introduced (Statens Offentliga Utredningar, 2017). However, regulations regarding the monopoly 
was not carried through and protests from the customers and other actors in the industry against 
the monopoly continued (IÅE, 2018b). As a result, an investigation about if third party access 
(TPA) would benefit the market was performed (Odell, 2014). It had the aim to investigate if a 
statutory third party access to the district heating networks would increase the competition on the 
market, and hence decrease the market prices. The proposal to implement TPA was rejected, 
instead the district heating law was supplemented 2014 with rules that allow an external heat 
producer regulated access to a district heating network, with hope that excess heat would be 
utilized, and the potential of the network would be used in the most efficient way (Hatt & 
Sandberg, 2014). After these regulations were implemented, any further discussions about TPA 
has not been performed by the government. 
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Even though the district heating law was supplemented with new regulations, the district heating 
companies still had a dominant position towards their customers, which enabled the district 
heating companies to increase the price without the fear of losing the customers (Odell, 2014). 
Therefore, the initiative “Prisdialogen” was developed, with aim to strengthen the customer's 
position, to achieve a reasonable, predictable and stable price change, and to increase the trust for 
the district heating suppliers (Prisdialogen, 2018). The district heating customers participating in 
the initiative reason that their position has strengthen thanks to Prisdialogen, both due to the dialog 
between the district heating companies and the customers, as well as the customers increased 
knowledge and understanding of the district heating companies’ operations. Additionally, the 
customers feel that the district heating companies have an increased interest in the customer's 
business, and the customers hope that the initiative may include other important areas as well, for 
example energy efficiency solutions. Both participating companies and customers agree that the 
best way to increase the trust for one another is to engage in a dialogue, and both parties reason 
that regulations should be avoided, if possible, since the dialog is then moved from the customers 
to the regulatory authority. The Energy Markets Inspectorate (Ei), which has evaluated 
Prisdialogen, consider the initiative to be efficient and that further actions to strengthen the 
customers market position currently does not need to be implemented. (Abrahamsson & 
Schrammel, 2016) 
  
If a competitive industry with several different district heating networks owned by different actors 
would become reality, the need for a special system operator responsible for the whole system, 
would arise. The system operator must be in control of the entire system operation, as well as, act 
objectively and in the systems best interest in every situation. The system operator can either be 
an actor that owns the district heating network, or an independent entity with the only 
responsibility to regulate the system. (Nygårds, 2011)  

3.3.2.3 Competition 

The heat market is dominated by district heating, heat pumps, electric heating and biofuels, and 
these heat supply options are estimated to continue dominate the market in the future as well 
(Sköldberg & Rydén, 2014). History shows that the competition between these heat sources has 
increased (Värmemarknad Sverige, 2013a), and tendencies indicate that the competition will 
increase even more in the future (Sköldberg & Rydén, 2014). Sandström (2013) argue that when 
the competition on the market increases, the district heating companies will encounter problems 
since the companies’ profitability has been high due to a strong market position and not due to 
efficiency and innovation. Furthermore, Sandström (2013) argue that when the customers are 
unable to choose between different district heating suppliers, the customers will search for 
substitutes. Nevertheless, the benefits of district heating (e.g. combined power and heating, heat 
recovery and waste incineration) combined with the high heat density and the established 
infrastructure, gives the district heating a strong market position in urban areas. (Sköldberg & 
Rydén, 2014) To be able to handle the growing competition, the district heating companies need 
to develop new technical and financial solutions (Värmemarknad Sverige, 2013a). Today, the 
district heating companies continuously develop and refine their service offerings and business 
models to meet customer demands and expectations (Rydén et. al., 2017). In addition, research 
show that monopolies stagnate, and thus have difficulties taking advantage of technological 



 
 

 51 

achievements. Competition is, therefore, positive for the district heating companies to be able to 
adopt to new, innovative technologies. (Sandström, 2013). 
  
Due to the fact that the customer demand for comfort probably will increase, it is likely that the 
demand for a better indoor environment, including both the demand for heating and cooling, will 
increase (Nyga ̊rds, 2011). The demand for cooling, therefore, might increase. If that is the case, it 
is likely that the demand for heat pumps and geothermal cooling will be higher. (Värmemarknad 
Sverige, 2013a)  

3.3.2.4 Actors and collaboration 

The heat market consists of several different actors, with different activities, needs and interests 
(Rydén et. al., 2017), and an increasingly number of actors will join the market with new products 
and services (Sköldberg & Rydén, 2014). Example of new actors that may provide the market with 
new products and services are IT-companies, security companies, architects, energy consultants, 
municipalities and universities. Additionally, existing actors will likely increase their product and 
service offers. Today, heat suppliers expand their value offerings by offering for example new 
energy services, measurement and statistic management solutions, energy performance contracting 
and facility management solutions. (Sköldberg & Rydén, 2014) 
 
When new actors enter the market and existing actors change their customer value offers, the 
actors on the market need to reevaluate their business models (Sköldberg & Rydén, 2014). 
Increased cooperation is often highlighted as a key factor to more efficient work processes, 
increased cost effectiveness, different synergies and sustainable development (Värmemarknad 
Sverige, 2013a). Furthermore, active collaboration; between district heating companies, customers, 
suppliers, as well as actors on the energy market and other industries in the society; will be 
important to be able to create genuinely sustainable energy system (Herngren & Morales, 2013) 
Furthermore, increased market collaboration may be an effective way to solve complex problems 
in an efficient way, to maintain the sustainable development of the district heating industry (Rydén 
et. al., 2017). New market collaborations will likely occur, even with actors that today are 
considered to be competition (Sköldberg & Rydén, 2014), which require an honest will to 
collaborate (Herngren & Morales, 2013). 

3.3.2.5 Customers 

The customers become more and more active on the market (Sköldberg & Ryde ́n, 2014), and have 
higher demands on the district heating companies (Värmemarknad Sverige, 2013a). The customers 
demand that the delivered product or service should be clear and easy to utilize, good for the 
environment, and with a beneficial price (Värmemarknad Sverige, 2013a). Furthermore, today 
many customers want to be able to control their heat production and the environmental impact 
from it. (Nygårds, 2011) Therefore, it becomes more and more common that the customers desire 
comfort and an overall solution which can help them in this goal, and the trend indicate that this 
demand will continue to increase in the future. It is no longer enough for the district heating 
companies to only produce and deliver heat, the district heating companies also need to understand 
the driving forces of its customers, which can only be achieved by close customer relationships. 
Thus, the contact between the district heating company and the customers becomes more and 
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more important. (Sköldberg & Rydén, 2014) Furthermore, the customers become more used to 
choose between different options within other areas of the society, resulting in higher demand on 
the district heating market as well (Värmemarknad Sverige, 2013a). Nygårds (2011), reasons that 
the lack of customer trust for the district heating companies might be due to higher customer 
demand, rather than decreased quality of the district heating. The district heating companies, 
therefore, need to become more flexible and customer oriented. (Värmemarknad Sverige, 2013a) 
  
Today many district heating companies have changed their customer strategy (Värmemarknad 
Sverige, 2013a), and have a clear focus on the customer dialog (Sköldberg & Ryde ́n, 2014). Due to 
the fact that many customers already are connected to the district heating network, it is more 
important to retain the existing customers than to find new customers. One way for the district 
heating companies to meet the higher customer demands is to be more transparent and honest 
towards the customers. (Värmemarknad Sverige, 2013a)  

3.3.2.6 Smart and energy efficient properties 

Properties are the endpoint of the district heating network, it is where the interaction with the 
customers happen. Trends driving change in properties will affect the customer relation. The 
biggest driver on the property side is digital solutions creating smarter and more energy efficient 
properties. Total building solutions, integrating technical infrastructures in properties, is one way 
of achieving a smart property. Systems that can be connected are for example real estate 
automation, fire protection, security systems, electricity distribution and heating systems. (Siemens, 
2017) 
 
Future building will have lower heat demands since they need to follow the near zero energy 
requirements from EU (Werner, 2018). Implementing smart energy control systems is one measure 
to decrease energy consumption. One company offering a smart heating service is Fourdeg. Their 
service offers to heat the property with respect to for example local weather forecast, number of 
open windows, number of people and the individual heat response of each room. The heating is 
operated with electronic wireless Thermostatic radiator valves (TRVs) and gateways, compatible 
with other IoT devices and building automation. (Fourdeg, 2018) Mestro is another company 
offering automated and visualized energy monitoring to make property owners lower their costs 
(Mestro, 2018).  

3.3.2.7 Price 

The price for district heating depends on the size of the market, the production mix for district 
heating, and the building density. Moreover, the price is affected by owner directives and which 
price philosophy the company follows, and many district heating companies establish a price in 
comparison to other, alternative heat sources. (Energikommissionen, 2017) According to statistics 
from the project” Fastigheten Nils Holgerssons underbara resa genom Sverige” performed by Nils 
Holgersson Gruppen, the average price for all of Sweden’s municipalities has increased with 30 
percent between 2006 to 2016. Moreover, historically the price growth for district heating has 
increased more than the consumer price index (see Figure 14). However, the price growth has 
decreased during the last couple of years. (Nils Holgersson Gruppen, 2017) 
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Figure 14 Price growth of district heating and the consumer price index between 1996-2016 (Nils Holgersson Gruppen, 
2017). 

Many actors on the market anticipate that the price of heating and cooling will increase in the 
future. If that is the case, it will be important for the property owners to estimate how big the heat 
demand for the properties will be in the future, and energy efficiency solutions for the properties 
will be essential, not the least for existing buildings. (Värmemarknad Sverige, 2013a) Several district 
heating companies have developed or are currently developing new price models, to simplify the 
understanding of the models for the customers. The changes indicate that the industry will have a 
broader variety of price models, which require a better understanding of the customer. (Nils 
Holgersson Gruppen, 2017) 

3.3.3 Organizational environment 
Considering that the heat demand, heat supply resources, district heating technologies and district 
heating business models, probably will change, the future will be challenging for the district heating 
companies (Werner, 2017).  

3.3.3.1 Fossil fuel free 

Stockholm’s goal is to be a fossil fuel free city by 2040 (Stockholms stad, 2016a) and the district 
heating companies are also moving to less dependency on fossil fuels. For example, Stockholm 
Exergi will phase out all fossil fuels in their production by 2022. The transition will require 
development within several different areas, for example smart control of the power and heat usage 
in properties, optimization of existing operations, renew or construct new production facilities, 
and to recover excess heat from data centers. (Stockholm Exergi, 2017). Additionally, the power 
and energy usage must be more effective to obtain savings, increased comfort and less 
environmental impact. This can be reached with the help of modern technology and digital 
solutions. (Stockholm Exergi, 2018b) Stockholm Exergi is also planning on increasing the amount 
of excessive heat in their system, the goal is for excessive heat from for example data centers, to 
cover 10 percent of Stockholm’s heat demand in the future (Stockholms stad, 2018b). 

3.3.3.2 Heat recovery 

The utilization of waste heat by connecting excessive heat suppliers to the district heating network 
will be favorable in the future as well (Värmemarknad Sverige, 2013a). Today, Sweden is one of 
the leading countries in the world when it comes to utilizing waste heat. To utilize excessive heat 
is favorable since the district heating companies may be able to reduce their investment costs, as 
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well as their climate impact, and the customer receive heat that is good for the environment, for a 
competitive price. (Lindblom, 2017) 
  
An investigation performed by Värmemarknad Sverige (2013a), showed that the district heating 
customers are in favor of district heating companies with initiatives to open up the district heating, 
that is when excessive heat suppliers can connect to the district heating network. Allowing excess 
heat suppliers to connect to the district heating networks contributes to the development from a 
traditional sale market to a trading market, where heat suppliers in the district heating network can 
cooperate with the district heating companies’ large-scale production facilities. As a result, the 
situation goes from a one way buyer-seller-relationship, to a marketplace with trading that goes 
both ways. (Energimyndigheten, 2016) 

3.3.3.3 The fourth-generation district heating   

All technologies on the heat market develop continuously, including energy conversion 
technologies and energy efficient solutions. For the district heating industry, technology 
developments focus on both the production and the distribution. (Sköldberg & Rydén, 2014) The 
development of heat distribution technologies has been classified into four generations. The first-
generation district heating utilized steam as heat carrier, while the second generation introduced 
high temperature water in pipes located in concrete ducts. The current third generation district 
heating is based on medium water temperatures in prefabricated pipes directly buried into the 
ground. The next phase, the fourth generation, will be to develop the system to obtain lower 
distribution temperatures. (Werner, 2017) The vision is to obtain supply and return temperatures 
of 50 and 20 degrees Celsius respectively in the distribution network. However, no district heating 
company have yet illustrated how these low temperatures should be obtained. (Werner, 2017) 
Lower network temperatures are beneficial since it increases the possibilities to integrate renewable 
energy, for example solar energy, into the system, as well as different forms of waste heat with 
different temperatures, like industrial processes (Sköldberg & Rydén, 2014). A central part of the 
fourth-generation district heating is to take advantage of more digital substations with respect to 
customer communication, error identification, and load management. (Werner, 2017) In addition 
to lower distribution temperatures, technological advancements are also essential to acquire lower 
installation costs by utilizing standardized components and receive higher individual heat comfort 
and higher intelligence in the heat usage. Furthermore, new technologies need to ensure that the 
system can take care of excess electricity production from intermittent energy sources, particularly 
from wind power, by producing heat with heat pumps and accumulate it. (Sköldberg & Rydén, 
2014) The challenge will be to handle all of these new market conditions (Werner, 2017). 
 
 

  



 
 

 55 

4 Empirical study 
The following chapter contains individual summaries of the 17 semi-structured interviews that has been conducted. 
The responses have been summarized in order for the reader to receive an understanding of the perception of certain 
problems or areas the interviewees may have. The interviews have been divided in internal and external interviews, 
where the external interviews are divided in three subcategories that include interviews with representatives from 
different parts of the energy sector, the blockchain sector and people with a relationship to Stockholm Exergi. 
 
Considering the area of blockchain within the district heating industry is new, and thus the 
literature on the subject are scarce, the interviews have been important to shape the content of this 
research. The interviews were conducted in the spring of 2018 and all interview summaries have 
been reviewed and approved by the concerned party.  

4.1 Internal interviews 
In Table 4 the internal interviews performed with employees at Stockholm Exergi are listed. People 
from different areas of knowledge have been chosen to receive a broad picture of the company 
and different perspectives on the district heating market; including people with knowledge about 
distribution, market, excessive heat supply, trading, purchasing and system optimization.  
 
Table 4 List of internal interviews performed in Stockholm Exergi. 

Internal interviews Stockholm Exergi 

Order Name Title Company 
Date and 
duration 

Style 

1 
 

Tom 
Wrigglesworth 

Management Consultant  

 

2018-01-23 
9.30-11.00 

Live 
interview 

2 Jonas Rejment Management Consultant  

 

2018-02-06 
9.30-10.45 

Live 
interview 

3 Johan Dalgren 

Specialist and Industrial 
PhD Student, System 
Optimization District 

Heating 

 

 

2018-02-14 
13.00-14.30 

Live 
interview 

4 
Christer 
Boberg 

Market Developer 
 

2018-02-15 
9.00-10.30 

Live 
interview 

5 Johan Börje 
Head of Marketing Data 
Center Cooling and Heat 

Recovery  

2018-02-16 
15.00-16.30 

 

Skype 
interview 

6 

Shamsher 
Khan 

Chief Power Trade 
Officer 

 
2018-04-24 
11.00-12.00 

Live 
interview 

Per Ytterberg 
System Development 

Chief 
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4.1.1 Internal Interview 1 
Tom Wrigglesworth, management consultant at Cartina, is currently working for Stockholm 
Exergi. During the interview, blockchain and the district heating market were discussed. Wrigglesworth 
discussed blockchain as a solution to create more transparency and stated that with a blockchain 
solution no one needs to own the system. That enables collaboration between parties with no trust 
in each other and transactions can be automated with smart contracts. However, Wrigglesworth 
also mentioned that blockchain is not necessarily the best solution to create this transparency, 
other solutions should also be evaluated. The belief of Wrigglesworth is that it will take a while 
before a general implementation of blockchain occur, but he thinks that the many interesting use 
cases today show that the blockchain technology has potential in several areas. Furthermore, 
Wrigglesworth mentioned that he believes that the heat market is more difficult to change than 
the electricity market. He stated that it is harder to be a small-scale producer of heat than of 
electricity, but that it can be relevant to compare these two markets anyhow. Wrigglesworth 
reflected over the fact that value chains are becoming less linear, and that it can be dangerous to 
only focus on one area of the value chain. Moreover, he discussed that it is hard to know how the 
competition on the heat market will look in the future and that companies need to continue 
develop in order to not be startled by new unexpected players.   

4.1.2 Internal Interview 2 
Jonas Rejment, management consultant at Cartina, is currently working for Stockholm Exergi. 
During the interview, possibilities for a future energy market structure were discussed. Rejment 
mentioned different future trends, such as urbanization and electrification which are two trends 
that will have a large impact on the future energy systems in cities. Rejment believes that in a future 
with for example more electric cars, there might be a power shortage. Digitalization was another 
trend discussed by Rejment. He described that digitalization is not always value creating. 
Sometimes people do not want to spend more money on a product or service, but rather transfer 
them from some other product or service. District heating will probably remain a low interest 
product according to Rejment, and the demand from the customers will remain focused on 
simplicity, comfort and price worthiness. Rejment also reflected over the fact that residents do not 
have enough incentive to change to a less energy demanding behavior and that they most likely do 
not want to make more active decisions in the future. The hard process of changing behavior can 
also make it hard to sell energy measurement products to property owners, described Rejment. 
However, Rejment also reflected over smart heat control systems, and the fact that the competition 
on this market is tough due to the many startups within this field. To avoid falling behind the 
competition, district heating companies must act in a value creating way to tie the customers to 
them. Rejment also mentioned that the decision cycles for housing cooperatives are relatively slow, 
giving district heating companies time to adjust.   

4.1.3 Internal interview 3 
Johan Dalgren is a Specialist and Industrial PhD Student with focus on System Optimization 
District Heating, and an expert on optimization of complex district heating networks. The 
interview’s focus was on distribution and production optimization. Dalgren started by describing the 
third-generation district heating system currently used. This system is optimized by making a 
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forecast of the load using historical data and weather forecasts. The forecast for the heat demand 
is matched with a heat supply by first using the cheapest alternative of production and then adding 
more expensive alternatives if needed, depending on what limitations the distribution system has. 
In the last step of the process, load control is used. During a discussion about the future, the 
fourth-generation district heating was mentioned by Dalgren. He reflected that we need 
collaboration to be able to figure out the fourth-generation district heating system. He talked about 
adjusting houses to low-temperature nets, eliminating fossil fuels in the production and to better 
integrate more parts of the energy system, for example sun and water. He also mentioned that he 
thinks that the most thermodynamically effective system in a city with the same attributes as 
Stockholms, is to have large scale production from district heating, compared to every property 
owning their own heat source.  
 
Dalgren mentioned that in a shared district heating network where production facilities owned by 
different owners are used, a settlement process is needed. This settlement process is done by 
looking at how the performance of the system would have been without the surplus of production 
from another plant. How the individuals would have run their system compared to how the 
common system was run, and the calculate profit from the added value of producing with more 
plants, is shared between the parties. According to Dalgren, the settlement process is done at 
regular meetings, where the performance of the past time period is evaluated. Hence, the 
settlement is not done in real time. Dalgren also reflected that it can be hard to determine what 
certainty is how worth in this process. Dalgren mentioned that he thinks the current settlement 
process is a good way of doing it, as long as the focus is on the optimized shared system by using 
the cheapest and most environmentally friendly production. Furthermore, he discussed that it can 
be hard to manage distribution losses if everyone is paying only for what they used in the 
production.  
 
During the interview, Dalgren talked about load control as a way to reduce power peaks, while at 
the same time not reducing the energy consumption and not affect the indoor climate in a negative 
way. He also mentioned that the power has different value depending on where in the system the 
property is located. In a place with bottlenecks it can be more valuable to steer away power, for 
example if the property is located in the peripheral parts of the network. The properties’ stored 
energy can be used as a buffer while lowering the supply temperature in order to avoid using more 
environmentally unfriendly production sources. This can be done by electronic control of the 
substations or by controlling temperature in the properties. The whole district heating system, 
including measurement values for the production, records an enormous amount of data, where 
the most common data types are pressure, temperature and flow. With new heat control systems 
more data can also be recorded on how the properties are performing. Dalgren discussed that this 
data might be of value for more actors, for example open district heating suppliers, to optimize 
their local energy system in the facility. During the interview, supply of excessive heat to the 
network was also discussed with Dalgren. Dalgren mentioned that it currently does not exist a 
system on how to optimize prosumers. With more parties involved it could be more important to 
do an overall optimization and add the large prosumers to the production planning process. Today, 
excessive heat suppliers deliver heat to the system without being a part of the whole system 
optimization. Instead they have standardized contracts that determine when they should deliver 
heat. Dalgren discussed that it can be difficult with the exchange process currently in place in the 
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future, since the prosumers might be required to be measured against each other and the heat 
supply could be worth different amounts depending on where in the system the suppliers are. 
However, the process of valuing heat and making it fair is difficult, according to Dalgren. Technical 
challenges in the form of different temperature dependencies may also arise. Moreover, Dalgren 
mentioned that it can be hard with a collaboration between so many parties and that more than 
10-15 parties in a collaboration might lead to a lack of trust since it can be hard to run a perfect 
system and the involved parties might have different perspectives on social utility.  
 
The development of low temperature networks can also make it easier for more actors to supply 
excessive heat to the system, according to Dalgren. If individual contracts for the excessive heat 
suppliers would be of interest is something Dalgren has not considered but reflect that it could 
make it possible to control the system in real time instead of making a forecast on the supply. 
Dalgren also clarified the distinction between saying that data centers have excessive heat, what 
they have is a cooling need and with other solutions for this, the conditions for the excessive heat 
that can be taken advantage of, changes. Optimization by using energy storage in big accumulators 
are done today, according to Dalgren. The CHP plants can be optimized by producing electricity 
at a high electricity price and using heat pumps at a low electricity price. Dalgren discussed that 
with more variation of the electricity price in the future it may be more profitable with more 
accumulators. In order to have an accumulator that is profitable, Dalgren discussed that it needs 
to have several discharges every year. Dalgren also mentioned that the CHP plants’ ability to fast 
convert from production of heat to electricity and ramp up, in order to be more flexible and react 
to spikes in the electricity price, can be of higher importance in the future. Furthermore, Dalgren 
reflected that he thinks that the most important part in the future will be to find the best system 
solution and stated that it is no point in optimizing a sub-optimized system. He also mentioned 
that the system loses its usefulness when it is used to deliver additional heating. Dalgren does not 
believe in small-scale production plants as a general solution and he mentioned that he hopes that 
local solutions are still used in a big system in order to avoid unnecessary costs at optimization and 
handling of a small system. Dalgren said that he would enjoy seeing a more system-optimization-
thinking regarding the whole energy system, not only for heat and electricity. Dalgren believes that 
the threat of lower heat sales in the future is not so profound as it is stated to be, because it is not 
reasonable to completely remove the energy needs of buildings. On the question if he thinks that 
the system should be separated at production and distribution, Dalgren said that he thinks that can 
lead to inefficiencies. An example, he mentioned was Denmark, where the incentive of making the 
system more effective is lacking due to the separation. Dalgren mentioned that there needs to be 
a system optimization responsibility that handles the entirety and if there was a overarching system 
thinking it could be solvable with distribution and production separated.  

4.1.4 Internal interview 4 
Christer Boberg is Market Developer at Stockholm Exergi and has a good understanding of current 
market trends and Stockholm Exergi’s customer relationships. Boberg described that it is important to 
establish a good relationship with the customers and that a company continuously needs to work 
to maintain a good customer relationship. One way to obtain a good relationship with the 
customers is to ensure good communication with them, Boberg explained, especially when changes 
that affect the customers occur. Furthermore, Boberg argued that the customers want to have a 
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feeling of control and understanding of the situation. On the question how the future market 
structure of the district heating system will look like, Boberg reasoned that EU historically has 
made decisions that have affected the district heating system and that new decisions may come. 
TPA is an example of such an area which has been discussed both in Sweden and in the EU. 
However, Boberg stated that he does not think the Swedish district heating system will benefit 
from an introduction of a TPA regulation from an environmental point of view. Moreover, Boberg 
discussed that the future energy market structure will depend on which energy sources that will be 
available. An interesting example Boberg discussed during the interview is a project performed by 
Vårgårda Bostäder where six properties will be the first multifamily properties in Sweden to be 
self-sufficient on electricity. Solar panels will be placed on the roof of the properties, connected to 
a battery. The plan is to produce hydrogen during the spring and summer when the production of 
electricity is larger than the demand and use that hydrogen to produce heat and electricity during 
the winter (Värtgas Sverige, 2018). Local electricity production, Boberg thinks will become more 
important to be able to balance the energy production and consumption, as well as sustain a voltage 
frequency of 50 Hz. Furthermore, it will become even more important to control the power in the 
system to prevent power shortages.  

4.1.5 Internal interview 5 
Johan Börje is Head of Marketing Data Center Cooling and Heat Recovery at Stockholm Exergi 
and works with the initiative Stockholm Data Parks. During the interview, district heating and 
blockchain were discussed. Börje reasoned that it is good that more excessive heat suppliers are 
integrated to the district heating network since it is a positive environmental contribution to utilize 
waste heat and since it will help Stockholm Exergi in the process to phase out the fossil fuels in 
the production. However, when more heat suppliers are connected to the network, the amount of 
heat the external heat suppliers can deliver to the system needs to be optimized, Börje described. 
On the question if he believes the discussions regarding TPA will arise again, Börje answered that 
he feels TPA currently is a low prioritized question. Today, other energy sources, like geothermal 
heat and solar panels, contributes to a competitive marketplace. Therefore, Börje does not think 
any political regulations regarding TPA will come. When asked if more prosumers will be a part of 
the district heating system in the future, Börje argued that only a few actors will be heat suppliers 
and that these actors most likely will be companies. Börje explained that it probably will be difficult 
for the properties to be heat suppliers as he believes it will not be profitable for the properties to 
heat water locally with the current electricity prices. The electricity price needs to be very low if 
local heat systems, like electric boilers, should be profitable, stated Börje.  
 
When analyzing if blockchain is appropriate to implement in an organization, Börje clarified that 
it is important to consider if value will be created for the company. Moreover, Börje argued that 
blockchain fundamentally is built on a system where transactions between several actors take place. 
Today, the structure of a district heating system is often based on transactions from one district 
heating company to many heat consumers. This system might complicate an integration of 
blockchain, Börje discussed. Börje believes that blockchain in the district heating sector will be 
more profitable if the structure of the system would change to a many-to-many relationship instead 
of a one-to-many relationship. For example, if transactions between customers from different 
district heating companies starts to take place, blockchain could be utilized to ease the 
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administration process and provide a trustworthy transaction place. Börje also reasoned that 
blockchain may be suitable if a company wants to automate the contractual process or if the 
administration process involves a high amount of transactions which are hard to control manually.  

4.1.6 Internal interview 6 

Shamsher Khan is Chief Power Trade Officer and Per Ytterberg is System Development Chief at 
Stockholm Exergi. During the interview fuel trading and system optimization were discussed. Khan 
and Ytterberg described that when a system is optimized involved activities include keeping track 
of plants, making sure which plants are running and what the prices on the market are and then 
finding the optimal production. It also involves a system development process, for example to 
decide which new plants are needed. In fuel trading, focus is on creating a portfolio and negotiating 
conditions for physical fuels. The fuel procurement process has a long horizon, from about 3 to 6 
years. Different strategies are needed for the goals that are set, and many fuel deliveries are secured 
a long time before they are actually delivered. Suppliers can also be contracted a long way ahead. 
For waste and biofuel there are no established marketplaces, and this leads to bilateral contracts 
with every supplier. Biofuel is also special in that it is produced after demand which require a 
longer planning process. Nevertheless, Khan mentioned that many decisions for the operational 
control are taken on a continuous basis. These decisions are made to handle deviations from the 
forecast in different areas, for example weather, production or demand forecasts. To handle the 
deviations, trading on the spot market is performed.  
 
Ytterberg discussed that it is common to have close relationships with the suppliers and to 
maintain a high presence on the market. With the help of ongoing dialogues with the suppliers, by 
phone and physical meetings, available suppliers on the market is investigated. Ytterberg also 
mentioned that the suppliers are always chosen so the risks are spread. For example, can the 
suppliers be selected based on geographical location. When suppliers store fuel for a district 
heating company that will be delivered later during the year, Ytterberg said that it is common to 
make storage inspections and receive storage certificates. Khan mentioned that Stockholm Exergi 
is certified according to Forest Stewardship Council (FSC) chain of custody and when they buy 
FSC certified fuel they trust FSC to do the control of the supplier. Both Khan and Ytterberg think 
that it will be more common with certifications to show that a company is sustainable in the future. 
In general, they believe that the awareness in the industry has increased. Ytterberg mentioned that 
since they use a lot of bi-products as fuel it is important to use the same system for certification as 
the primary products.  
 
The contracts with the suppliers are according to shipping industry standards and are similar for 
most suppliers. The contracts contain, for example, information about who has responsibility for 
what and who is sending information and when. To check the quality of the fuel, random 
samplings are performed after delivery. When the question about financial marketplaces for 
biofuels was discussed, Ytterberg mentioned that it is important to remember that biofuels have 
different quality which makes it more difficult. Different producers want different quality 
specifications depending on what type of production plants they have. This makes it hard to 
standardize processes for trading. Khan discussed that since it can be hard to obtain the right fuel 
fast, most district heating companies maintain a minimum storage. A minimum storage is used to 
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handle variations in production and disturbances in supply. Since biofuel is produced on-demand, 
it can affect the market if one company signal that they want to buy a large share, and the increasing 
demand on the market can quickly increase the market price. Margin fuels are sometimes bought 
in advance without knowing when they will be consumed. Also reflected upon by Khan and 
Ytterberg was the fact that the district heating situation in Stockholm is unique, it exists several 
producers with nets that could be connected. 

4.2 External interviews Blockchain sector 
In Table 5, people interviewed with a knowledge within blockchain is visualized. These people were 
chosen to acquire an understanding of how blockchain can be implemented. Focus was not 
primarily on the technical aspects of blockchain, but rather on challenges blockchain pose on 
current business models at implementation, and opportunities for blockchain in new areas.  
 
Table 5 List of external interviews performed in the blockchain sector. 

External Interviews in the Blockchain Sector 

Order Name Title Company 
Date and 
duration 

Style 

1 
Tobias 

Goodden 
Venture Development 

Analyst  
2018-02-14 
15.00-16.15 

Live 
interview 

2 Jörgen Modin 
Chief Solutions 

Architect 
 

2018-02-28 
14.45-16.15 

Live 
interview 

3 Mats Snäll Chief Digital Officer  
2018-03-06 
10.00-11.00 

Skype 

4 
Daniel 

Lundberg 

IT and Enterprise 
Architecture 
Consultant at 
Archinemus 

 
2018-04-05 
11.00-12.15 

Live 
interview 

5 Stig Persson 
Responsible for 

Strategic Partnership  

2018-04-10 
10.00-11.00 

Live 
interview 

 

4.2.1 External blockchain interview 1 
Tobias Goodden, Venture Development Analyst at the company Fortum, is part of a team that 
investigates if and how new technologies, including blockchain, can be implemented in Fortum’s 
existing operations and if new business models can be created. The interview focused on the 
process from idea to implementation of a blockchain project. During his time at Fortum, Goodden has 
managed three blockchain pilot studies, where the “Oslo2Rome” project, in collaboration with the 
open network Share&Charge, has been the most successful one. When Goodden and the team at 
Fortum start to investigate if a new technology like blockchain can be implemented somewhere in 
the organization, Goodden described that they usually start with an ideation study which includes 
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doing research of the current market structure and analyze trends and market changes. They then 
perform a concept study where they design a small business case from the collected research. The 
next step in the process is to form a pilot study and, if the pilot study is successful, the last phase 
is to launch the developed product/service, explained Goodden.  
 
Fortum’s purpose of investigating blockchain, Goodden stated, is to learn more about the 
technology and to examine if the company can take advantage of blockchain, and if a blockchain 
implementation would solve any existing problems. Goodden reasoned that they started to analyze 
if blockchain could be used for something and, if used, would solve a problem. The other way to 
do it would be to start with a problem and investigate if blockchain would solve it. However, 
Goodden argued, that since blockchain is a very new technology, Fortum needed to start learning 
about the technology before they could answer the question if it would solve any existing problems. 
Goodden described that if a company wants to find out which applications blockchain actually can 
be suitable for, the company needs to examine the following:  

1. Need for a shared database with multiple modifiers 
2. Need to maintain uniform content within the database 
3. Need for multiple simultaneous writers to update and use the database 
4. Modifications must interact together in some way 
5. No trust between modifiers in each other’s modifications 
6. Using a trusted 3rd party is not an option  

 
Blockchain is not the only decentralized system that can be used, Goodden reasoned. However, 
the strength with blockchain is that the system is not as vulnerable to attacks since the information 
is spread on several nodes in the system. Furthermore, other strengths are that the transaction 
costs could be reduced, and the data transfers are more secure, said Goodden. However, the main 
challenge with blockchain is probably the scalability. Goodden described that scalability is 
dependent on time, the blocksize, (i.e. the amount of storage for each block) and the chosen 
consensus algorithm. Regarding the Oslo2Rome project, Gooden also mentioned that in the 
future, maybe the charging poles themselves could be nodes. That would require more processing 
on site, but the communication and the backend processing could be reduced. On the question 
how long a blockchain project takes, Goodden answered that it completely depends on if the 
whole blockchain network is created from scratch or if the application is created on an existing 
blockchain network, as well as, which type of project that is performed and in what industry. 
Additionally, because many blockchain projects are pioneering and follows a “learning-by-doing” 
process, they often require more time, said Goodden. When asked about the costs of a blockchain 
project, Goodden summarizes that all blockchain projects have costs for developing the 
blockchain and costs for acquiring enough competencies within the company, while all other costs 
are completely dependent on the project. When Goodeen talked about the Oslo2Rome project, 
he mentioned that some of the biggest obstacle they have encountered are regulation and legal 
problems, for example regarding tax and crossing borders. Therefore, legal costs connected to the 
projects can be quite substantial, Goodden added. 
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4.2.2 External blockchain interview 2 
Jörgen Modin, Chief Solutions Architect at the blockchain technology company ChromaWay, is 
project manager for the technical solution in Lantmäteriet's blockchain project. ChromaWay is 
responsible for the development of the blockchain technology in the project (Kempe, 2017) which 
was discussed during the interview. Modin described that Lantmäteriet’s blockchain project 
consists of three phases and that they currently are at the third phase. The aim of the first phase 
was to develop a Digital MockUp to establish the user interface, while the aim of the second phase 
was to develop the technology. During the third phase, the focus will be on deployment and 
government regulations. Questions like how a blockchain is created, how the life cycle of a 
blockchain looks like, who is responsible for what, if it is possible to change the blockchain and if 
so how, and so on, is answered during the third phase of the process, described Modin. Since 
several questions involve governance and jurisdiction, lawyers are helping them at this stage. A 
problem the lawyers currently are working on is the ID identification with digital signatures. This 
is an area Modin believes will increase in complexity in the future; how the ID solution should be 
developed, and how to prove that you are you. Following this area, Modin discussed the possibility 
of countersignatures being used. He believes that other people could be used to verify an identity 
in the future, for example that you have a list of people that could be contacted, and they can also 
make a signature that verify that you actually want to do the action you signed for.  
  
Lantmäteriet's blockchain solution is built on a consortium database with the consensus 
mechanism, Proof-of-Authority. The validation of the blocks is done by the parties which run the 
blockchain protocol. However, more people can use the blockchain. For example, within the smart 
contracts people sign statements they agree with, but that does not concern the consensus layer of 
the entire blockchain. The blockchain solution ensures that the information stored on the 
blockchain is truthful which will speed up the process, described Modin. When asked if something 
can go wrong in the process, Modin answered that it depends on how “wrong” is defined. Some 
blockchain solutions strictly follow what the code shows, however, in Lantmäteriet's project it is 
not as strict. The reality can neglect the blockchain code and instead follow the process that took 
place in reality. Modin thus reflected that a project would benefit from establishing regulations for 
the blockchain application, to ensure that the information is interpreted and applied in the right 
way. On the question what a company needs to consider when implementing blockchain Modin 
answered that the company needs to be willing to open up its organization to other companies 
since the company will be part of a collaboration, as well as, be willing to embrace change. 
However, Modin explained that if the company does not want to share all information with other 
companies, the company can choose to use the services of an existing consortium blockchain 
instead of operating the blockchain. Additionally, Modin stated that organizations that want to 
invest in blockchain need to acquire new skills. Modin, therefore, educates involved parties about 
the blockchain technology early in the project process to ensure that all parties understand the 
technology, to prevent unrealistic expectations. Modin discussed that an appropriate first step for 
a blockchain solution is to find areas that are not heavily regulated. In countries with strong 
regulations it is likely that blockchain will be implemented in more nisched areas.  
 
Modin stated that it is often possible to add a blockchain solution to existing hardware. The 
cryptographic algorithm may demand more CPU but it is also possible to use an algorithm with a 
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lower CPU-need. Modin also mentioned that he believes that hardware modules will be more 
common in the future, especially for cryptographic signing. The partaking nodes in the blockchain 
need to know how to run a secure server including how to protect against DDoS (distributed 
denial of service) attacks. It will also be important to keep the private keys safe. Regretting a 
blockchain solution is not hard in a technological way according to Modin, however since 
blockchains are also about creating ecosystems, it can be hard to change processes that are 
determined between different actors. Modin clarified that a blockchain consists of a network of 
several parties. A blockchain with only one company involved, is therefore, not usually of much 
relevance. When deciding which parties that should be a part of the blockchain, Modin suggested 
that the company can consider if the organization has any trust issues with other actors since 
blockchain can enhance the trust between parties. On the question if it is relevant to have a private 
blockchain instead of a traditional shared database, Modin answered that the blockchain solution 
can create value by facilitating cooperation between actors and hamper hacking. When asked why 
they did not chose to use a public blockchain, Modin mentioned the scaling difficulties, and with 
a certain transaction limit a private blockchain becomes more interesting. To still follow the public 
blockchain spirit Chromaway’s code is open source, which creates trust for the system. To further 
increase trust in the system and create independent nodes, Modin mentioned that Chromaway, for 
example, cannot be the ones reviewing code for other actors. According to Modin, there is not 
that much complexity in maintaining a blockchain, it will require some updates and surveillance 
but not too much. However, the system needs to be ready to react to changes in the market that 
cannot be controlled, for example the current security flaw in servers from 1994 that could 
potentially threaten a system.   
 
When asked if Modin believes blockchain can collaborate with other technologies he answered 
that blockchain probably is useful to utilize in combination with sensors. Modin reasoned that a 
company might benefit from a sensor network which reports to a blockchain, automatically 
generating information. The blockchain can act as a fusion between humanity and machines. 
According to Modin, if information is false or if someone is cheating, then you can discover this 
by entrusting nearby sensors and analyze their results or go back to the supplier and ask about that 
specific sensor. Since a blockchain requires a digital signature, it is possible to know who signed 
the transaction. Likewise, Modin described a solution for using blockchain as a way of 
strengthening a statement, to create a threshold for the truth. One example he described is if a 
translator states that he/she knows a language. That can be written to the blockchain despite it not 
being proved. When more evidence then arises, for example a certificate or a confirmation from a 
person, that can be added to strengthen the previous statement. This logic can then be followed 
until slowly a true statement has been built up. The database is scaled from the bottom with 
information that is gradually validated.  

4.2.3 External blockchain interview 3 
Mats Snäll, Chief Digital Officer at Lantmäteriet (The Swedish Mapping, Cadastre and Land 
Registration Authority), is project owner of the blockchain project carried out as a collaboration 
between Lantma ̈teriet, Landshypotek Bank, SBAB, Telia, ChromaWay and Kairos Future (also 
discussed in External blockchain interview 2). The aim of the project is to study and test the possibility 
to utilize blockchain for real estate transactions and mortgage deed processes. (Kempe, 2017) 
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During the interview, the project and important factors for blockchain projects were discussed. Snäll 
described that the purpose of the project is to acquire knowledge about the blockchain technology 
and find ways Lantmäteriet can take advantage of the technology. This is important due to the fact 
that Lantmäteriet needs to keep up with the evolving market and ensure that Lantmäteriet have 
the technological support needed to continue develop, as the younger generations will not be 
satisfied with outdated technology, described Snäll. Furthermore, Snäll believes that blockchain 
solutions will be available to buy in the future, thus, he believes that it will be important for 
companies to understand blockchain to simplify the process of deciding which blockchain solution 
to buy or which actors to receive help from. Therefore, the created value from the project is 
foremost knowledge and information about the blockchain technology, as well as reduced process 
times. The project has also created much attention and goodwill for the involved companies.  
  
Important to take into consideration when performing a blockchain project is that several actors 
are part of a network and that it is ensured that involved companies can handle the investment, 
stated Snäll. In Lantmäteriet’s project, the involved actors have not had any clear roles and the 
responsibility has been divided on all actors. Snäll believes that it is more important that all 
involved actors take on the responsibility to push the project forward, than to have clearly defined 
roles. Snäll stated that it is important that the company focus on the core business and let other 
organizations handle the things the company are not good at. Additionally, Snäll mentioned that 
this project is a test project, not only to test the blockchain technology, but also a test of a more 
distributed value network, compared to the centralized network that Lantmäteriet is part of today. 
Snäll believes these new kinds of ecosystems and forms of cooperation will become increasingly 
common and the future networks will be more organic, with less prescribed rules.  
 
According to Snäll, the response from the employees on the project has been positive. Snäll 
reflected that it can be hard for people to understand what blockchain is, but by being honest with 
the positive effects blockchain can create, Lantmäteriet has not encountered any internal problems. 
Lantmäteriet has not integrated blockchain with any existing technological systems in the 
organization, however, Snäll estimated that it should not be difficult to do so since he believes the 
technology is applicable. However, he added that if blockchain is integrated with existing systems, 
safety tests probably need to be performed since the outcome of the integration is uncertain. An 
important factor to consider when performing a blockchain project is the legal aspects, and the 
project group benefits from having one or more participating lawyers. Snäll reflected that the legal 
conditions might be the most difficult part to work with when implementing blockchain and stated 
that the legal aspects concerning Lantmäteriet’s project must be solved in order to acquire a 
successful blockchain project. Moreover, Snäll clarified that for a project like the one Lantmäteriet 
is developing, the learning process takes time. It is often not the technology that hinder the 
development of the project, but rather the humans’ learning process. Consequently, Snäll believes 
that blockchain may be appropriate to combine with Artificial Intelligence, with aim to make the 
human learning process faster and more efficient. 

4.2.4 External blockchain interview 4 
Daniel Lundberg, IT and Enterprise Architecture Consultant at Archinemus, has an interest in the 
business opportunities blockchain can create, as well as, the impact on existing business models blockchain 
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can have. Both these themes were discussed under the interview. As a speaker, Lundberg educates 
people in the area of blockchain, and is one of the founders of the blockchain course “Blockchain 
Business” in collaboration with Dataföreningen Kompetens. Lundberg is especially interested in 
studying live blockchain cases with real measurable value. During the interview with Lundberg, he 
mentioned several ongoing, interesting blockchain use cases. For example, AXA, the first major 
insurance company to offer insurance using blockchain (Axa, 2017), and Enigio, which offers 
“solutions to ensure consistency, integrity and traceability of digital information in time as well as 
protecting it from manipulation” with the help of blockchain (Enigo, 2017). Lundberg argued that 
Axa’s blockchain project is interesting due to the fact that Axa is a very large company while their 
blockchain project affect only a small part of the organization, which enables the company to 
experiment without worrying about how the company’s business model will be affected. 
Interesting with Enigio’s blockchain solution is that they offer a way to ensure that digital 
information is true by connecting the physical world with the digital world and ensuring that the 
electronic value is equally valuable as the physical value, something Lundberg argued is difficult to 
manage.  
 
Areas Lundberg thought most likely will benefit from the blockchain technology, besides the 
financial industry where several successful blockchain applications already have been realized, are 
within supply chain management and government operations. Lundberg debated that several 
supply chain management processes of today are inefficient, involving many different actors and 
intermediaries, where information is traded on paper documents, which probably could be more 
effective with the help of the blockchain technology. By asking if something that is physically 
handled today within an organization needs to be physically handled or if the process can be 
digitized, new blockchain solutions can be discovered, said Lundberg. An interesting example of 
the process towards a more digitalized world with the help of blockchain is the “Dubai Blockchain 
Strategy” project, which among other things, will contribute to increase the government efficiency 
by making all city transactions digital (Smart Dubai, 2016). When asked which requirements that 
need to be met to obtain a well-functioning blockchain application, Lundberg emphasized that a 
blockchain solution should be decentralized and shared between several companies in order to 
create a higher value than if each individual company had worked independently. However, 
Lundberg reflected that the definition of blockchain is not clearly defined, and that the opinion 
when an application can be called blockchain varies between people. Additionally, Lundberg 
stressed that a company should evaluate if trust exists between involved parties and if the solution 
can be controlled by only one party or not, since blockchain might be irrelevant if that is the case. 
Trust is therefore an important part of the blockchain technology, described Lundberg.  
 
If a company is implementing blockchain in the existing organization, Lundberg stated that it is 
important that the company is in control of its data and that the quality of the data is sufficient 
enough. Existing data processes, therefore, needs to be examined. Moreover, when utilizing 
blockchain, companies need to decide if they should develop their own blockchain or be a part of 
existing blockchains. Lundberg, argued that it is up to each company to individually examine which 
solution suits them, however, he believes that collaboration between parties will be more common. 
According to Lundberg, the first step in a blockchain implementation process is generating ideas 
of how blockchain can be utilized. In this phase Lundberg described that it is valuable to have a 
mix of employees in the blockchain implementation group, both people with detailed knowledge 
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and people with little knowledge about the company business strategy, to be able to generate new, 
innovative ideas in line with the company strategy. Lundberg stated that blockchain solutions does 
not have to challenge the whole business model, the application can affect only a small part of the 
business model. In fact, Lundberg argued that an isolated case might be preferred since it is easier 
to evaluate a project that is not connected to the rest of the organization, and the impact on the 
organization as a whole will not be as great if the company performs an isolated case. On the 
question if blockchain can be utilized with other technologies, Lundberg reflected that Internet of 
Things might be suitable with blockchain, and gives the example that sensors can be used to collect 
data. A problem that might arise with one sensor as a central node is that the stored data volume 
can be too large to handle, a system with several, decentralized sensors connected to a blockchain 
might then be more appropriate. In conclusion, when asked which factors will affect blockchain’s 
continued development, Lundberg answered that he feels that we are near a tipping point from 
where we will see a lot of good blockchain use cases. To reach that tipping point, however, 
Lundberg believes that a “killer application” needs to come forward and show that real value can 
be created for all involved parties, and lead the way for other applications, the only question is 
what will trigger this event.  

4.2.5 External blockchain interview 5 
Stig Persson is currently responsible for developing the partner network for the 5G-launch at 
Ericsson. Persson has a background working with digitalization and during the interview, potential 
use cases for blockchain and IT safety were discussed. An interesting topic discussed was about the role 
of substations, and if the blockchain technology could be utilized to securely send information 
between substations. In a future with distributed clouds, there will be more measurement data than 
previous and with 5G technology the network will be even more decentralized. An example 
Persson gave was control rooms in properties, since they can be more at risk in the future when 
more systems are digital. Blockchain could then be used as an encryption algorithm for sending 
information that is harder to manipulate. Hence, blockchain seem to have a role in the future of 
IT security. Persson also mentioned that it may be increasingly important in the future to protect 
important systems (e.g. infrastructure systems) and that blockchain solutions could be used in 
order to prevent espionage. According to Persson, hacking and data scams will become more 
common, and with increasingly smarter data gathering systems in society, IT security will become 
more important. Persson discussed that the governmental level of IT security needs to be 
improved and the NIS directive (a EU-wide legislation on cybersecurity for operators of essential 
services in action from 10th of May 2018 (MSB, 2018)) will most likely lead to higher requirements 
on cybersecurity.  

 
Also discussed during the interview was which value a blockchain application brings and if it could 
be a facilitator for a more value-network-focused business model. Persson mentioned that for 
Ericsson it is important to know what role they would play in a blockchain application, preferably 
it would be a central role. For example, they could sell products or software with a license, but 
control the license over a blockchain in order to prevent false distribution. Furthermore, the 
influence that blockchain projects can have on the business model were discussed. Persson 
mentioned that the blockchain projects performed at Ericsson have not affected Ericssons 
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business model to a large extent. Blockchain is considered something that is used in order to make 
other systems or technologies more effective. However, Persson talked about the importance of 
not letting a blockchain experiment project affect a central part of the company and making sure 
that the project is aligned with the company's overall strategy. However, in some cases it can be 
valuable to investigate the technology to increase understanding of advantages and disadvantages 
and possible effects on the company. 

4.3 External interviews Energy sector 
In Table 6 people interviewed with a knowledge about the energy sector are presented. These 
people were chosen to obtain an understanding of how the energy market (including both district 
heating and electricity) could evolve. These interviews have mainly been utilized to understand the 
market in order to investigate if new opportunities for blockchain in the future exist, and if factors, 
like regulations, laws or trends, may influence the district heating market.  
 
Table 6 List of external interviews performed in the energy sector. 

External Interviews in the Energy Sector 

Order Name Title Company 
Date and 
duration 

Style 

1 Erica Edfeldt 
Energy Market 

Consultant  
2018-02-28 
10.45-11.45 

Skype 
interview 

2 
Anders 
Ydstedt 

Press Contact and 
Spokesman  

2018-03-01 
10.00-11.00 

Phone 
interview 

3 

Anders 
Fredriksson 

Responsible 
Digitalization and 

Smart Energy 
Systems 

 

 

2018-03-07 
9.30-11.00 

Live 
interview 

Thomas 
Forsberg 

Responsible Heating 
and Cooling Market 

4.3.1 External energy interview 1 
Erica Edfeldt is an energy market consultant at Sweco Energuide. She has a background within 
different energy market projects; including incentives and policy instruments within the energy 
sector, cost benefit analysis, investment assessment and scenario analysis. Focus topics during the 
interview were future energy market structure, customer needs and EU directives. Edfeldt mentioned that a 
common view of the future energy market development is lacking and that the view depends on 
who is asked. The EU strives for a more integrated system in terms of electricity and heating, but 
they also incentivize more decentralized systems. According to Edfeldt, there can also exist 
advantages with a more centralized energy system, and sometimes, trends can create structures 
that may have low societal gain. However, she also believes the energy system will increasingly 
decentralize but that it might reach a point where the decentralization process will decrease. 
Edfeldt believes that the Swedish government and EU is not completely satisfied with the market 
structure of district heating. However, Edfelt also stated that EU’s laws are based on market 
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conditions and on compromises between member states. It can, therefore, be challenging for 
stakeholders and single countries to change EU regulations. Edfeldt also reflected over the fact 
that Sweden is relatively lonely with an extensive district heating system (together with other 
"small" countries in the Nordics, Baltics and Eastern Europe) and that the peculiarities of district 
heating are not always taken into account in the regulation process in the EU. 
 
Edfeldt also discussed the possibility of more variable electricity prices in the future. The power 
balance for electricity will decrease after the nuclear power plants decommission in 2020-2045, 
since that initially lowers the total output power on the market. Edfeldt deemed that biofuel and 
waste incineration will remain in the future but that the structure could move towards more heat 
pumps, due to increased demand for cooling. Regarding customers, Edfeldt thinks that the balance 
of finding the right relationship is difficult. She also questions to what extend the customers want 
to be involved, and if they rather want an automated simple process. Edfeldt believes that larger 
customers, for example big property owners, are more interested in having a dialogue. It is 
important to avoid a negative spiral, where remaining customers need to pay a higher price when 
others disconnect from the net. In the revision of the existing price models it is critical for utilities 
to design the tariffs in a good way and communicate with the customers so that they choose to 
continue as customers. Moreover, Edfeldt believes the future contains more holistic solutions, 
where a company can offer several different services as a package. That is an area where she 
deemed the threat of competition for the district heating companies to be the largest, for example 
may an internet supplier starts bundling suppliers of other services to their service. The discussion 
also involved possible new regulations from EU and Edfeldt mentioned that there are many new 
directives under evaluation right now, and that many things will be done 
under 2018-2020. Regarding the new blockchain project Enerchain in the Nordics, Edfeldt stated 
that it is an interesting project and that she believes that trading is an area with potential for 
blockchain to decrease the transaction cost. However, when using blockchain there is no one 
managing the counterparty risk. Bilateral trading over a blockchain could also be an option. 

4.3.2 External energy interview 2 
Anders Ydstedt is Press Contact and Spokesperson from the initiative Industrigruppen 
Återvunnen Energi (IÅE). IÅE works to increase the amount of excess heat used in the district 
heating system and this was the topic discussed during the interview. According to Ydstedt, IÅE 
deems the monopoly as a problem that creates a barrier for the industry to utilize their full 
possibility to make use of their excessive heat. Furthermore, Ydstedt stated that not everyone that 
are offered to sell their excessive heat are satisfied with the terms of the contract. According to 
Ydstedt, too few district heating companies offer other actors with excessive heat, access to the 
net. The law regarding “regulated access” Ydstedt believes, has created the opposite effect. Before 
the law was in place, the district heating companies were better at discussing with the industry due 
to the threat of a coming law, but after the implementation of the law Ydstedt thinks that the 
companies have gone back to a monopoly mindset since they know that they can deny access.  
 
Ydstedt believes that many district heating companies have a large focus on boilers and forget their 
customers and other heat sources. Ydstedt thinks that district heating needs to be able to handle 
competition with other heat sources better and the extensive focus on boilers is not good long 
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term, the focus needs to be on the customers. Ydstedt means that the balance between buyers and 
sellers need to be more marketable. A bigger focus on the market, Ydstedt deemed is important 
for all involved parties, not the least for the district heating companies, since a decreased focus on 
boilers means that more focus can be put into building customer relationships. Furthermore, 
Ydstedt believes that the future can offer two possible scenarios. The first alternative is that district 
heating companies see the benefit of allowing heat suppliers access to the net and start focusing 
more on end customers. The second alternative is that the industry continues in the same way and 
eventually start losing market shares. Ydstedt believes that in long term, the market needs a 
separation of production and distribution. However, he still thinks that the district heating 
companies should be the system operator and control the load balance and the optimization. This 
is the area where Ydstedt sees the future role for a district heating company. Ydstedt mentioned 
that if he were the manager of a district heating company, he would have separated the distribution 
and production in order to get district heating companies to focus on their core business of 
distributing heat and starting to use market resources to produce this heat. With the separation of 
trading, distribution and production, Ydstedt see the possibility to offer more similar contracts and 
market conditions to big property owners that have several properties in Sweden. This could make 
it simpler for the customers and could possibly make the property owners not opt out on district 
heating due to strange tariffs.  
 
During the interview it was discussed which actor should be responsible for utilizing the excessive 
heat on the market. Short term Ydstedt believes this is up to the district heating companies because 
of the monopolistic market structure. The companies without a single-buyer model should 
introduce it and write on their webpages that they are open for buying excessive heat, including 
price and contract details. Ydstedt stated that it is important that the district heating companies 
show their interest in the beginning phase. He would rather see a model where the district heating 
companies take advantage of the heat than the industry companies selling directly to end 
customers, but that could also be a possibility. The interview finished with Ydstedt mentioning 
that it is easy to transport waste material and biomass, therefore, it could be utilized somewhere 
else in the energy system as well, whereas unused excessive heat from the industry is wasted heat.  

4.3.3 External energy interview 3 
Anders Fredriksson, Responsible Digitalization and Smart Energy Systems and Thomas Forsberg, 
Responsible Heating and Cooling Market, work at Energiföretagen. Energiföretagen is a non-
profit industry and special interest organization for energy companies. During the interview the 
district heating industry, digitalization and future market structures were discussed. Fredriksson explained 
that he works a lot with smart energy systems. In essence he stated that Sweden’s energy system is 
smart since it works excellently; it is in balance and security of supply is good. Nevertheless, 
digitalisation is dramatically changing the system, something that will continue. Today, 
Energiföretagen works more and more with a connected, diversified and adaptive energy system. Flexibility 
is important, not only technologically speaking but also to avoid building barriers for future 
development. Fredriksson also mentioned that cybersecurity is increasingly vital, in order to benefit 
from the current technological development. Fredriksson believes that extended regulation on 
cybersecurity is something that may affect energy companies in the future. However, he does not 
think these regulations will act limiting, but instead act as a stable foundation for the industry. 
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Fredriksson also mentioned that it is important to not mistake the energy business for the IT 
business, the energy system is not a business developing technology but a technology applying 
business. Fredriksson reflected over the fact that today’s control systems are fairly unintelligent. 
In the future, Fredriksson believes, we need smarter systems to perform prognosis and to optimize 
the system. AI and machine learning are two ways Fredriksson mentioned that could replace the 
current PID-controllers.  
 
On the question if some area in the energy sector is better at working with digitalization, Forsberg 
reflected that it depends from actor to actor and that it is often controlled by demand. The driving 
force is often financial, for example, it is too expensive to not run the district heating network in 
an optimal way and if digital solutions can improve operation it is likely that they are implemented. 
However, Forsberg also believes that things are starting to happen at the customer side that the 
district heating system is not built to handle. The customer side will have a much bigger influence 
in the future, everything from electric cars to passive houses will demand innovative, technological 
solutions in both distribution and production. Fredriksson pointed out the need to understand 
what customers really want. Companies can develop as much technological solutions as they want, 
but he believes that an extended dialogue is important in order to do the right thing. What a 
customer wants, depends on which customer is asked. Therefore, it is important for the district 
heating companies to work proactive and come up with suggestions, so the customers do not lose 
trust in the relationship. Forsberg agreed that a larger customer focus is needed. Forsberg also 
believes that it is necessary for the district heating companies to cooperate more with other actors, 
not only within district heating but also between different sectors.  
 
Both Forsberg and Fredriksson believe that in order for the district heating companies to be 
competitive they need to focus on the value creation by using different means. Many small 
solutions are more likely the right solution than finding one big solution that will solve all 
problems. Forsberg reflected that this may mean that the companies need to broaden their product 
lines, and think outside the box, for example using heat water to prewarm the batteries for electric 
cars. The low value energy should be utilized as much as possible to avoid using high value energy 
in the form of electricity. However, municipal companies need to be careful so that they do not 
interfere with the competition law. Furthermore, Forsberg and Fredriksson believe the companies 
should focus on the customer needs and the societal demands. However, whether that leads to a 
wider or narrower portfolio is to be discussed. An interesting area according to Forsberg is how 
the market affect the district heating companies, for example if the society goes into a recession 
or the circular economy becomes the norm, this might affect the waste power plants due to a lower 
waste amount in the society. Another trend in the society is the individual's opportunity to make 
choices, according to Fredriksson. Today, it is hard to decide where the social trend is moving; if 
people want collectivization or individualization. This can also affect the decisions that are taken 
for the energy system in buildings when many properties from the 1970s are renovated. 
Fredriksson stated that some people want to pay to avoid collectivization whereas some people 
want to pay to keep it. The district heating companies thus need to consider this.  
 
Regarding the view on waste heat, Forsberg believes that excess heat suppliers should be allowed 
to supply to the network, supposing they can also deliver power and not just energy and it is a 
good deal for both parties. Fredriksson agreed and added that it is also important that they have a 
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system view, and that they take responsibility for the system function. On the question if a district 
heating company could act as a power balancer on the electricity market, Fredriksson answered 
that this is an interesting thought and something that may be more discussed after 2020. They 
stated that the companies would need long term pay off in order to invest in this, and that district 
heating already provides a value since it makes it possible for electricity to be used for other things 
than heating.   
 
When blockchain was discussed, Fredriksson mentioned that he does not believe that a blockchain 
based market can be created over one night, it will take time. 

4.4 External interviews with relation to Stockholm Exergi 
In Table 7 the people interviewed with a relation to Stockholm Exergi are visualized. These people 
were chosen to obtain an understanding of the ecosystem around Stockholm Exergi. The external 
relationships are important to understand due to the fact that blockchain solutions always involves 
more than one party.   
 
Table 7 List of external interviews performed with a relation to Stockholm Exergi. 

External Interviews with a relation to Stockholm Exergi 

Order Name Title Company 
Date and 
duration 

Style 

1 
Joakim 
Jarstorp 

Customer and Data 
Center Responsible  

2018-02-15 
10.00-11.30 

Live 
interview 

2 
Krister 

Stralström 
Corporate Group 

Controller  
2018-03-16 
10.00-11.00 

Live 
interview 

3 
Johan 

Tjernström 
Business Developer 

Energy  

2018-04-04 
15.00-16.30 

Live 
interview 

4.4.1 External relation interview 1 
Joakim Jarstorp, Customer and Data Center Responsible at GleSYS, manages GleSYS’ data center 
in Stockholm. The data center is connected to Stockholm Exergi’s district heating network and a 
part of Stockholm Exergi’s concept “Open district heating” where excess heat can be sold to 
Stockholm Exergi. The concept is simple, two heat pumps are installed to both cool the data center 
and deliver the excess heat to the district heating network. The cooperation is also a part of the 
EU-project “Grow Smarter”, an initiative to promote more sustainable cities in Europe. The heat 
output is expected to gradually increase to a level around 1 MW, corresponding to approximately 
1000 apartments (Stockholm Exergi, 2018d). Jarstorp mentioned that the project is one of the first 
in its kind, which has also made the process more difficult. They had to evaluate everything; what 
heat pumps, pipes and control system to use, and how the integration between the systems should 
look. Involved in the process were also other actors. In this specific project, the companies 
Coromatic and Carrier in extension to Stockholm Exergi were involved. Carrier was the heat pump 
manufacturer and is also employed at Stockholm Exergi for maintenance of the heat pumps. 
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Jarstorp described that, in the beginning, the communication between the different actors was 
difficult to maintain. However, over time it grew into a good relationship. 
 
At present, Jarstorp believes that the trouble in the beginning phase can make other data centers 
hesitant using this solution but he reflected that in 5-10 years, when everything is standardized, 
this process is likely more simplified. Jarstorp also described that if you are building a new data 
center it is easier to connect to a district heating network, since the distance to the pipes play a 
major role in the cost of building the system. Regarding the fixed price that they get paid from 
Stockholm Exergi, Jarstorp described that this is good since it simplifies their investment 
calculations and can show them if the investment will be profitable or not beforehand. Jarstorp 
also talked about the value of this project being sustainable. It means that they can provide an extra 
value for their customers who often value environmental policies. They can also make big emission 
savings. Furthermore, according to Jarstorp, for the data center it is important to govern their own 
system. They would want to receive warning signals but not that another actor could remotely 
control the operation of their heat pumps, since they feel that they could have lacking knowledge 
about their operation. If things go bad in a data center it can go very bad, stated Jarstorp. That is 
also a reason why they do not want the control system to be online.  
 
Jarstorp have considered a more dynamic flow in terms of temperature from their facility. For 
example, if the water in the district heating network has too high temperature compared to the 
heat demand, it could send a signal to their system that they only need to produce water with a 
lower temperature than what their contract states, in order to use less compressor power and save 
electricity. The relationship between Stockholm Exergi and GleSYS, Jarstorp described as being 
good. Due to the technical difficulties, the project has had some bumps on the way. The 
continuous administration process is also something that Jarstorp feel could be improved, for 
example some manual work is involved in the handling of invoices and overviewing the 
measurement values every week. He also wishes for an improved web-portal and more web-based 
solutions.  

4.4.2 External relation interview 2 
Krister Stralström is Corporate Group Controller at Stockholms Stadshus AB, which owns 50 
percent of Stockholm Exergi. During the interview, Stockholms stad and district heating collaboration 
was discussed. Stralström described that Stockholms stad works towards the goal to be the most 
innovative municipality in Sweden and, therefore, examines new, innovative technology and if 
Stockholms stad can utilize it in some way. So far, Stockholms stad have not explored blockchain 
but Stralström believes they probably would be open to be part of a blockchain project if 
Stockholm Exergi would initiate a blockchain collaboration. However, Stralström added that it 
depends on the conditions of the project, but if the project would lead to better customer service 
or more transparency for the customers they would definitely be interested. Moreover, Stralström 
reasoned that EU and governmental directives, as well as current trends on the market can affect 
which technological projects that are initiated. An advantage of initiating a project with Stockholms 
stad may be that created value from the project can increase due to the fact that more aspects of 
the society can be taken into consideration, which is not directly connected to the company but 
becomes indirectly connected to the company via Stockholms stad, Stralström argued. Stockholms 
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stad has the ability to evaluate investments from a broader perspective and include socio-economic 
advantages. As a result, these extra values created might make a project more profitable, thus 
influence if a project should be initiated or not, reflected Stralström.  
 
Stockholms stad’s primary goal is not to sell as much district heating as possible, however, since 
the district heating is more sustainable than many other energy sources, Stockholms stad believes 
it is important to be able to give the customers the choice to choose district heating, Stralström 
stated. Due to the fact that district heating is sustainable, it can be a tool for Stockholm in order 
to achieve its environmental goals. On the question if it would be beneficial if Stockholm Exergi 
was involved earlier in the process when the property owners are choosing heat source, Stralström 
answered that it probably would be beneficial for Stockholm Exergi from a business perspective, 
but Stockholms stad cannot give an actor more favorable benefits than another. Stralström also 
argued that, as long as Stockholm Exergi develops new business ideas and concepts which is 
beneficial for the district heating business, Stockholms stad approves investment in new 
applications even though it is not in line with the company’s core business. Stralström added that 
it might be beneficial for Stockholm Exergi to go from only selling heat as a product to sell heat 
as a service, including heat control and a custom indoor climate. In general, Stralström believes 
that societal trends might affect the district heating industry. For example, the customers’ ability 
to choose between several options in other industries might result in that the district heating 
customers also want more freedom of choice. Therefore, Stralström concluded that it is important 
for companies to understand their customers and their decisions. On the question if it would be 
possible to connect district heating networks over municipality boundaries, Stralström discussed 
that it is important that politics are involved and both municipalities agree on the decision. 
However, Stralström added that, the details of the collaboration and the implementation will be 
better decided by people that are familiar with the business.  

4.4.3 External relation interview 3 
Johan Tjernström is a Business Developer within Energy at Akademiska Hus. Akademiska Hus is 
a large customer to Stockholm Exergi and is connected to both the district heating and the district 
cooling network. During the interview, the customer side of district heating was discussed. A 
substantial part of Akademiska Hus’ properties is supplied with heat from Stockholm Exergi. 
Tjernström listed some important aspects to take into consideration when choosing heat source; 
the cost, the environment, the operation and the energy targets. Additionally, other factors, like the simplicity 
of the solution, can affect the decision. Tjernström described that one benefit with district heating 
is that they do not need their own operation technicians, using their own energy solutions can 
make them more vulnerable since they need people with knowledge that can operate them.  
 
Tjernström described that Akademiska Hus has high energy efficiency goals that need to be met, 
which is why they need to lower the energy consumption of their properties. Considering that the 
heat supply from district heating stands for approximately 90 percent of the total amount of the 
carbon dioxide emissions from the operations of the properties, it is important for Akademiska 
Hus to collaborate with their heat supplier, explained Tjernström. Tjernström mentioned the idea 
about a common system for optimization; maybe Stockholm Exergi could invite Akademiska Hus 
to participate in their backup power, for example by controlling their system during a power 
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shortage or using unused production plants that Akademiska Hus owns. When asked if advantages 
can be obtained if the district heating company would be a part of the construction process of new 
buildings and communities, Tjernström answered that he believes so. He would like Stockholm 
Exergi to present more innovative ideas to them and help Akademiska Hus in their process to 
understand the whole energy system since that is often difficult when a lot of factors are involved. 
Tjernström also mentioned that all their properties are certified with at least level silver in 
“Miljöbyggnad”. In this certification system, district heating has a harder time passing the energy 
requirements than for example heat pumps and in rare cases that could affect district heating 
negatively. When asked if Akademiska Hus would be interested in more information on the climate 
impact from their district heating, Tjernström answered that it, for example, would be interesting 
with a service where they only bought district heating produced from biofuel. In that case they 
have control of the sustainability of the heat they obtain. Tjernström described that it is important 
for them that they have the possibility to affect the fuel mix used, and not only that Stockholm 
Exergi allocates around the fuel and sell less environmentally friendly district heating to someone 
else. Akademiska Hus, according to Tjernström, could also be interested in shared ownership of a 
plant, then they could make sure that their proportion is not affected by current weather or other 
factors.  
 
According to Tjernström more flexible prices and contracts can have both benefits and drawbacks. 
If Akademiska Hus had access to systems that could take advantage of a more variable district 
heating price this could be interesting for them. Regarding more individual solutions and contracts 
Tjernströms answered that it may be interesting but that he believes in more standardized solutions 
because of the lock-in effect and the vulnerability in case the person that developed this solution 
resigns. However, standardized components can always be composed to a unique solution, but it 
is important to think in economies of scale terms. When asked if it would be beneficial for 
Akademiska Hus and Stockholm Exergi to share data, Tjernström answered yes and described that 
more digital solutions in general are appreciated. An example Tjernström mentioned was sharing 
data that is beneficial for both parties, for example sending warning signals if Akademiska Hus’s 
return temperature is deteriorating. He also explained that Akademiska Hus has a lot of data from 
their properties but is unsure of how they can take advantage of the data in a better way. 
Tjernström reasoned that one way to make sense of this data may be to utilize AI. Today, an 
operating technician optimizes the system, however, that is prone to human error. To prevent 
human error AI might be utilized to optimize the system instead. Akademiska Hus is open to let 
companies use their properties as test beds in projects like this. 
 
On the question if Akademiska Hus would be interested in being part of a blockchain 
collaboration, Tjernström answered that they are open for discussion if Stockholm Exergi would 
present a new idea. However, it is important for Akademiska Hus that the project creates value for 
them. When asked about smart properties and how a district heating company could participate in 
the development on the property market Tjernström mentioned smarter control systems. If the 
district heating companies are involved in the process of developing smarter control systems, 
Tjernström stated that it is important with an open system and standardized user interface. 
Tjernström believes that it is better to always go through Akademiska Hus when solutions like 
warning systems, smart measurement systems or heat control systems are tested in their properties 
and that it is important to look at a practical example to evaluate the communication methods.  



 
 

 76 

5 Future scenario  
This chapter presents a plausible future scenario, by discussing how trends and changes affecting the district heating 
may evolve. In the beginning of the chapter, the method used for the scenario planning is described, followed by a 
presentation of the developed future scenario.  
 
We have developed our own scenario for this thesis to be able to predict if the suggested 
blockchain applications (presented in chapter 7 Results and analysis) will be in line with a plausible 
future. Scenario planning is a way to estimate how the future may unfold by developing multiple 
hypothesis about plausible future outcomes. Scenarios simplify the complex development of the 
world by identifying trends and patterns of change, and by doing so, help companies form suitable 
business strategies in line with changes in the industry over time. (GBN, 2008) Thus, scenario 
planning is an important part of the planning process when new company strategies and business 
models are developed (Learning for Sustainability, 2018). It is important to evaluate trends and 
events that will affect the future to be able to determine if these trends and events also will affect 
if a blockchain application will be relevant, and if so, successful in the future. Not the least, this is 
important because blockchain is still in an early maturity phase and the majority of the current 
blockchain projects are pilot projects, meaning that if blockchain is implemented in an organization 
today, the full effect of the technology will first be seen in a couple of years. Moreover, a plausible 
future is important to discuss due to the fact that blockchain applications which are valued to be 
non-beneficial today might be favorable in the future, if some scenario parameters change.  
 
Our scenario is based on the literature research in chapter 3 Literature study and the responses from 
the interviews presented in chapter 4 Empirical study. The scenario is composed of several key 
trends we have identified will affect a plausible future outcome, which in turn will affect a district 
heating company’s business strategy. Thus, only trends affecting a district heating company were 
analyzed. The intention with our scenario is to function as an inspiration for actors in the district 
heating sector, and hopefully open up for dialogue.  
 
The scenario parameters were clustered in three areas; contextual environment, industry environment and 
organizational environment (see Figure 15). By doing so, both external and internal organizational 
parameters influencing the future can be identified (GBN, 2008). The parameters linked to the 
organizational environment can the organization influence, while parameters linked to the industry 
environment the company can influence to some extent, and the parameters connected to the 
contextual environment the organization cannot influence at all. However, the areas, trends and 
parameters are intertwined - meaning that if some trend or parameter does not unfold as estimated, 
the outcome of the scenario can change completely. They cannot be viewed separately; instead 
they need to be viewed as one complete entity. Therefore, our scenario will be presented as one 
complete plausible future scenario. 
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Figure 15 Areas that probably will affect the future of district heating, categorized in three levels; contextual environment, 
industry environment and the organizational environment. 

When developing our scenario, the European Commission’s six step framework (2005) was 
utilized. The European Commission defines the framework as a “walk through the process” and 
the six steps are: (1) Identify the focal issue (the "setting" for the scenarios), (2) Identify and analyze 
the drivers, (3) Rank by importance and uncertainties, (4) Select scenario logics, (5) Flesh out the 
scenarios, and (6) Decide implications of scenarios (European Commission, 2005). 
 
The scenario is developed based on a baseline set to 2030 since blockchain is estimated to hit 
mainstream market in 2027 (read more in section 3.1.6 The future of blockchain). However, the year 
should not be considered as a fixed year, but rather as an indicative year in the future; a guideline 
of approximately how far in the future the scenario represents.  

5.1 The scenario  
Local presence concatenated with global awareness 
In the future, societies, nations, people and organizations will be interconnected to each other in 
a greater extent, contributing to a fast globalization of the world. Globalization has significantly 
changed economies and societies and influenced the sustainable development around the world. 
However, as a response to the fast globalization, the desire for local solutions has increased. People 
are driven by speed, comfort and cost, however, at the same time, factors like sustainability, 
transparency and control are essential when people are evaluating and choosing products, services 
and solutions. Thus, a combination of global and local products and services will be common. The 
high urbanization has been favorable for the district heating industry, and due to the increase of 
clustered societies, the energy sector is connected to other society infrastructure systems, for 
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example the transportation sector and emergency services. As a result, synergy effects created from 
collaborations are exploited.  
 
Sustainability present at all levels of the society  
Sustainability is a natural part of the society and discussions regarding how the earth’s resources 
should be shared in a sustainable way without exhausting them, is an everyday conversation. 
Corporate sustainability reports are required, and the sustainability work is fully integrated both in 
companies’ everyday work and business strategies. Laws and regulations established by the UN, 
the EU and the Swedish government have a high impact on companies’ sustainability performance. 
Furthermore, customized sustainability profiles declaring how a company work towards being 
more sustainable, is common for companies to develop. Environmental goals, both on national 
and international level, have speeded up the process to a more sustainable world. Companies are 
pressured to be sustainable both from higher authorities, like the municipality of Stockholm, the 
Swedish government and the EU, as well as from the customers.  
 
In line with the goal of Stockholm being a fossil fuel free city by the year of 2040, all fossil fuels in 
the district heating production has been phased out. The district heating is thus considered a very 
sustainable choice. However, more sustainable energy supply in general, thanks to the high share 
of renewable energy, has put a pressure on the district heating companies to declare how 
sustainable their processes are and even the sustainable fuel is examined. The customers demand 
that the district heating companies declare the origin of the fuel and how the fuel is produced and 
transported. Therefore, certificates are common to ensure customers and authorities that the 
companies meet the required demands, in terms of sustainability but also in other areas. Certificates 
are also an important tool used to compare different heat options. 
 
Collaboration across borders 
Due to the fact that sustainability is an important part of the society, the circular economy and the 
sharing economy are advocated, and ecosystem solutions are popular. As a result, many corporate 
business models are based on these economies to ensure flexibility and adaptability. The ecosystem 
solutions have facilitated more collaboration, and cooperation is popular to exploit added value 
created when several entities work together towards a common goal. Collaborations are conceived 
in conventional and unconventional ways, within organizations and between organizations, and 
within nations and beyond nations. Partnerships and alliances are thus not constrained by boarders. 
Collaborations are not only created between peers, but also between competitors, the companies 
thus need to determine how they can continue to be a strong market player in a fast shifting market 
environment.  
 
Technology will facilitate every need  
High acceptance towards new and innovative technologies will be apparent in the society, and 
both companies and end users will be open for new solutions. Stockholm is continuously working 
to reach the vision of Stockholm becoming the world’s smartest city by 2040. The digitalization 
does therefore have a great impact on the society. People, organizations and devices are constantly 
connected. Technologies like AI, robotics and IoT - previously viewed as innovative - are now 
common to improve products and services, and different technologies are often combined. For 
example, AI in combination with IoT is often used in production facilities to optimize the 
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production. Within the energy sector, smart systems based on these technologies are commonly 
used to develop supply-and-demand forecasts, and to continuously optimize the system to sustain 
the energy balance. Additionally, technology to integrate individual metering and charging (IMC) 
in a more efficient and less problematic way has been developed. For all newly built properties, 
IMC is mandatory for both heat and domestic heat water, while some older properties have 
implemented IMC of domestic heat water. However, due to lack of interest from the heat 
consumers and high investment costs for the property owners, individual metering and charging 
for heat has not been implemented in the majority of the existing property stock.  
 
Data security a concern for everyone  
Companies will continuously collect and analyze data. Data storage is, therefore, a key concern for 
organizations. Cloud based solutions for data storage is popular to utilize, but shared data storage 
facilities between companies are also common to be able to handle the cost that comes with 
handling large amounts of data. A high degree of digitization puts a high pressure on data security 
and personal privacy. Organizations are well aware of the risks and are continuously working to 
prevent data breach. Moreover, extended regulations on cybersecurity has been implemented, 
acting as a stable foundation for the industry. The customers are also aware of the importance of 
data security, which data they have the right to control and which personal data the companies can 
utilize. This puts even more pressure on the organizations to be able to handle the data in a correct 
matter. New companies have entered the market specializing in helping the customers with data 
protection.  
 
Customer satisfaction a high priority  
Data gathering and smart technologies like AI and IoT will likely facilitate a better understanding 
of the customers, enabling companies to develop accurate customer profiles, and thus meet 
customer demand in a favorable way. This will be important due to the fact that customers have a 
strong position in the society. The customers will be highly aware of which solutions they want 
and what the solutions should provide for them, and they will likely be able to control the decision 
of which product or service to utilize, as well as have the possibility to impact company offerings. 
To meet the high customer demand, transparency in company operations will be required. This 
shift of power has also affected the district heating industry. Thanks to initiatives with aim to 
strengthen the customers’ market position and increase the market transparency, district heating 
companies no longer have the dominant position towards the customers they previously had. The 
district heating companies thus have gone from a production oriented organization to a service 
oriented organization. 
 
Key concerns for the customers will be comfort, easiness, speed, sustainability and cost. The 
customers will, to some extent, be willing to compromise on some parameters in favor of others, 
to which extent however, is difficult for the companies to tell. In the district heating industry, end 
consumers of heat will likely demand comfort in the form of a heat temperature automatically 
regulated to their need. Other customers (e.g. the property owners) will be in favor of easy to 
handle heat systems and sustainable heat supply to meet energy efficiency goals for the properties. 
Higher customer demand for comfort will likely also create a higher demand for cooling. As a 
result, the competition between the different heating and cooling suppliers will likely increase even 
more. Due to the fact that comfort and easy to use services are important for the customers, 
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platform solutions that deliver complete solutions to the customers will be more common. The 
platform solutions will enable collaboration between different actors, however, it also means that 
companies need to alter their business models to adapt to these platform solutions.  
 
Combination of centralized and decentralized market structures  
In general markets are less centralized and many markets are completely decentralized. The heat 
and the electricity market are, to a great extent, intertwined, and viewed as one integrated energy 
market. Since the electricity market is decentralized, the heat market will be less centralized. 
However, due to market constraints, for example the fact that the district heating network is limited 
to the geographical location and the structure of the pipe network, the system will not be 
completely decentralized. The heat market can therefore be viewed as a combination of a 
centralized and decentralized system. More excessive heat suppliers connected to the district 
heating systems have also contributed to a less centralized system. The less centralized system has 
resulted in a marketplace where new transaction paths have been created. Unconventional 
transactions are more common, and transactions are no longer restricted to B2B or B2C; C2C 
transactions are also common. Peer-to-peer trading and prosumers are common in the electricity 
market and are an inspiration for the heat industry. However, since the optimal way of producing 
heat is to exploit the economies of scale, the heat market has not developed towards an open 
marketplace to the same extent. Nevertheless, the district heating companies’ business models 
have adapted to the marketplace economy. 
 
An integrated energy market with more renewable energy sources, in combination with the 
customer opinion that heat and electricity should be available at all times to their demand, is 
pressuring the energy system, and especially the load balance. Power deficit problems are an issue, 
actors on the market continuously work with. However, at the same time, due to system 
optimizations and warmer winters, less top peaks are occurring.  
 
Smart properties to meet sustainability goals  
A good example of where the heat and electricity industries are fully intertwined is in the real estate 
sector. Energy efficiency solutions will be important to lower buildings’ energy demand, which will 
enable new collaboration forms between heat and electricity suppliers, the property owners, the 
residents and third parties. Smart properties with connected and smart appliances will be helpful 
to reach energy efficiency goals. Furthermore, smart properties will be an important solution to 
meet the higher customer demand for comfort and easy to use solutions. IoT devices and sensors 
will collect and measure data about the building’s supply and demand for energy, as well as the 
resident’s way of living. AI algorithms will then make the most optimal decisions based on several 
intertwined parameters to meet the residents demand.  
 
High competition requires innovative business strategies  
Energy efficiency solutions for the properties, and warmer winters as a result of the climate change, 
has resulted in stagnating, or even decreasing, heat demand in many district heating networks. This, 
in combination with competition from other heat sources (like geothermal heat pumps) have led 
to a higher competition. The high competition, as well as the many initiatives with aim to 
strengthen the customers market position ensures competitive and fair prices. However, it is 
reasonable to assume that the price will match the competitors price and if electricity gets more 
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expensive, so will district heating. As a result of the high competition, in addition to the favorable 
market for excessive heat suppliers to connect to the network, the Swedish government no longer 
consider an implementation of TPA necessary.  
 
Another result of the high competition is that it is more important for the district heating 
companies to retain existing customers, than to acquire new customers, contributing to the 
importance of customer satisfaction. Furthermore, it is crucial for the district heating companies 
to be well aware of what their specific customer offerings are and what makes them competitive. 
The customers’ view of the energy supply as something that should just work at all times, in 
combination with high market competition, companies in the energy market need to offer more 
than “just” heat and electricity. New business models, extending the companies value offer have 
emerged, and some companies have even started offering products and services outside of the 
company’s traditional value offer.  
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6 Framework  
In the following chapter, our framework, developed for district heating companies to utilize as a tool in the process of 
finding, prioritizing and implementing blockchain applications, is presented.  
 
The literature indicates that many different ways of defining and categorizing blockchain exist. A 
shared definition of what constitutes a blockchain and when blockchain is optimal to utilize has 
not been established. Some people or organizations have developed criteria, often presented as 
flow charts or question forms, that either must be met or should be considered when a firm is 
discussing a blockchain implementation (presented in section 3.1.5.2 Conditions of blockchain 
applications). However, these criteria are often not industry specific and there is an ambiguity if these 
criteria or conditions can be applied in all situations and for all industries. Furthermore, what 
constitute criteria that need to be met for a firm to even think about blockchain, and what 
constitute conditions or parameters that a firm need to take into consideration when a blockchain 
is developed, is often not very clear. Therefore, we have developed our own framework for 
companies in the district heating industry to utilize as an assistance when a firm is investigating if 
blockchain is a suitable technology for them. Furthermore, the framework has been developed to 
facilitate our own work in establishing and prioritizing which applications blockchain can provide 
for a district heating company (presented in chapter 7 Results and analysis).  
 
The developed framework is a compilation of the most commonly occurring facts and statements 
from the literature presented in section 3.1.5 Implementation of blockchain, as well as, the blockchain 
interviews presented in chapter 4.2 External interviews Blockchain sector. All information in the 
framework is carefully considered and discussed to ensure that the framework is accurate and easy 
to use for district heating companies. Furthermore, we have chosen not to declare how many of 
the criteria or conditions that should be met for the blockchain technology to be relevant for a 
company, in an attempt not to limit the framework to certain blockchain definitions. Considering 
that blockchain has not reached its full maturity level, definitions and criteria may change or evolve, 
which might make a limiting framework outdated. 
 
The framework is divided in three process steps, presented in Figure 16. A step where the 
organization acquire knowledge about the blockchain technology is not included in the framework, 
as it is taken for granted that parties assigned with the task to investigate blockchain, obtain an 
overall understanding of what blockchain is and what it can be used for. To analyze blockchain’s 
current maturity level, however, is essential, due to the fact that blockchain is developing in a fast 
pace. Furthermore, it is assumed that the assigned people have a clear understanding of the 
organization's market strategy in order for the new blockchain applications to be in line with 
company strategies. 
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Figure 16 The layout of the framework. 

6.1 Step 1: Find blockchain applications 
The aim of the first step in the framework (Figure 17) is to find blockchain applications. This is 
done by developing a clear understanding of the organization's current and future market 
strategies, by doing a situational analysis. The phase of the framework when a situational analysis is 
performed is inspired by the “5C model” and the “SWOT-analysis”. A clear focus on future 
developments is important to ensure that plausible blockchain applications also will be beneficial 
in the future. Our developed future scenario presented in chapter 5 Future scenario and future 
estimations on how blockchain will evolve presented in section 3.1.6 The future of blockchain, can at 
this phase be utilized as a help.   
 
The findings from the situational analysis can be mapped with the parameters presented in 
“Conditions that need to be fulfilled” and “Conditions that should be considered” (presented in 
Figure 17 below), to be able to decide if blockchain is suitable to help the organization solve 
problems or explore opportunities. The phase when conditions are studied is inspired by 
Schiefloe’s Pentagon model. Schiefloe’s Pentagon model is an analytical method useful when 
studying activities in and between organizations (Halvorsen et.al., 2017), based on a system-
oriented approach (Rolstadås et.al., 2014). The model takes both formal and informal aspects into 
account, by analyzing the five aspects: structure, technologies, culture, interaction, and social relations and 
networks (Rolstadås et.al., 2014). The model is not only aimed at projects, however, it is a highly 
beneficial tool to utilize when analyzing projects (Staunton, 2015).  
 
The last phase of step 1 is inspired by the “5Ws & H” technique, which is a creative problem 
solving technique based on the questions: who, what, when, where, why and how (Čančer, 2012). The 
organization should discuss who would be affected by the blockchain application, what the 
application would be, when the application could be developed and implemented, where in the value 
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chain blockchain would be implemented, why the application is needed, and how the application 
would be constructed.  
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Figure 17 Framework Step 1: Find blockchain applications. 



 
 

 86 

6.2 Step 2: Prioritize the blockchain applications  
If several different potential blockchain applications have been identified, the second step of the 
framework is used to prioritize these applications, with aim to establish which application that will 
create the most value for the organization (Figure 18). In the process of prioritizing the applications, 
the organization starts to examine which values the applications would create by giving each 
application a score for each listed value (see “Grading of the blockchain applications” in Figure 18). 
Then, the phase “Calculate weighted score” is performed. The company starts to add the scores 
of the values, and then weights the importance of the values for the organization by giving the value 
a grading of 0, 25, 50, 75 or 100, with higher grading indicating higher importance. Weighted score 
for all values is calculated by multiplying the score and the weighting, which is then summarized 
to a total weighted score. By estimating a rating (0 - 100 %) of how suitable blockchain is to solve the 
problem the company can lastly calculate a total weighted and rated score for each application. The 
application with the highest total weighted and rated score is the application most feasible for the 
company to further develop (see appendix 11.3 Prioritization of the “green applications” for 
prioritization of the developed applications in this study).  
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Figure 18 Framework Step 2: Prioritize the blockchain applications. 

6.3 Step 3: Plan for the blockchain implementation 
When the first and the second step are performed, that is, potential blockchain applications have 
been discovered, developed and prioritized, and the organization has decided to start a blockchain 
project to enable a blockchain implementation, step three should be initialized (Figure 19). In step 
three the organization lays the foundation for how the project should be performed. In this step 
the organization needs to decide which type of blockchain technology that should be utilized and 
if the organization should do it on their own, in collaboration with other entities or outsource the 
development phase of the blockchain to another company (see more alternatives for blockchain 
implementation in appendix 11.1 Implementation approach). Especially important factors for the 
organization to consider are: who they should create partnership with, the potential risks with the 
project, if the application would be profitable, how they align the project with company strategies, 
how they should handle regulations, and lastly, how the governance should be constructed. Worth 
emphasizing is that the organization, during the whole framework process should question if 
adequate value is created.  
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Figure 19 Framework Step 3: Prepare for the blockchain implementation. 
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7 Results and analysis 
In the following chapter, identified areas, based on the literature study, the empirical study and our own developed 
future scenario and framework, that may be suitable as blockchain applications are presented. All applications are 
categorized in a first prioritization with the colors green, orange and red; where the green applications have the highest 
potential and red the lowest. The areas identified as high potential applications are then prioritized a second time 
with the help of the second step in our developed framework (see chapter 6 Framework), with aim to detect the most 
beneficial blockchain application for a district heating company.  
 
When the applications were developed, the first step of the process - in line with our developed 
framework - was to identify problems within the district heating industry, both internally within a 
district heating company and external problems in the industry. Simultaneously, the potential of 
blockchain and problems blockchain may facilitate to solve were identified, mainly by investigating 
the literature and use cases. When these two areas were explored, the two areas were connected to 
each other in an attempt to ensure that the identified blockchain applications solve a problem for 
a district heating company and are suitable for blockchain. 

7.1 Created blockchain applications  
In the following paragraph, all of the identified areas that may benefit from blockchain and thus 
may be developed into blockchain applications are presented (see Figure 20). The applications have 
been assigned with a “district heating icon” or a “blockchain icon” in Figure 20 to visualize if the 
applications have been developed based on the perspective of trying to solve a problem within the 
district heating sector or the perspective of trying to take advantage of the benefits of blockchain. 
A first prioritization of the potential of the blockchain applications has been performed based on 
the knowledge we have acquired from the literature research, the interviews and discussions with 
Stockholm Exergi. In the prioritization process the applications have been assigned with a color; 
green for the blockchain applications that may be beneficial for a district heating company and thus 
are valuable to investigate further, orange for the applications that would likely not be beneficial, 
and red for the applications that are not interesting for a district heating company to investigate 
further. The description of the applications will begin with a short introduction of how the idea of 
creating the blockchain application arose, that is a situational analysis. Considering the “green 
applications” are of high priority they will be described in detail, while the “orange applications” 
and the “red applications” that are less beneficial, will be described briefly. All descriptions of the 
applications are concluded with a discussion of the application’s potential. The potential takes into 
consideration if the application would solve a problem for a district heating company, if the 
problem would be suitable to solve with blockchain, and if it is an application suitable for the 
present time or for the future. As a result, applications that have been assigned with the color 
orange or red can still be important problems for a district heating company to solve, just not with 
blockchain, and vice versa, or not suitable to perform today.  
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Figure 20 An overview of the 32 applications divided in 10 different areas and prioritized based on a color. 
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7.1.1 Area 1: Procurement & Suppliers 

 
 

Trace the origin of the fuel and track the fuel along the supply chain 
Situational analysis  
It is important for a district heating company that the fuel is delivered on time and with the right 
quality to ensure an optimized production. If the fuel is not delivered on time the district heating 
company either must utilize their fuel storage or utilize other types of fuels or energy sources, 
considering the heat demand must be met. If the fuel is not of the right quality, less heat can be 
extracted from the fuel. As a result, the district heating company need to use more fuel than 
planned for which is both expensive and bad for the environment. Furthermore, bad quality of 
the fuel, (e.g. if the pellets are mixed with large stones) can damage the machines, resulting in high 
maintenance costs.   
 
District heating companies often have many suppliers of fuel and many of the suppliers operate in 
industries or countries associated with high risks. Furthermore, the fuel purchases are a high cost 
for the district heating companies. Therefore, all suppliers need to be thoroughly examined before 
new collaboration agreements are signed, which is a difficult task. In addition, there are often 
several intermediaries involved when the fuel is shipped, from the origin to the heat production 
facilities, which can make the communication between the industry actors difficult.   
 
Where  
An application like this would target the procurement and supplier stage of the value chain and 
connect these stages with the production stage.  
 
Who  
A blockchain application like this would involve a district heating company, its suppliers and the 
distributors of fuel. The suppliers’ suppliers could also take part in the collaboration if needed.   
 
What  
A blockchain application suitable for the area of procurement and supply of fuel would be to trace 
the origin of the fuel and track the location of the fuel on the journey from origin to production. 
If the application would be beneficial the application could be further developed to include 
procurement of other things besides fuel, for example spare parts to the power plants.  
 
How  
Several different use cases indicate that tracing and tracking assets, goods and products with the 
help of blockchain is possible. The following use cases can be used to learn how a plausible solution 
could be developed:  

Trace the origin of the 
fuel and track the fuel 
along the supply chain

Create smart contracts 
with the suppliers

1: Procurement & 

Suppliers

Create a shared fuel 
procurement program 

with other district heating 
companies



 
 

 92 

● Alibaba tries to tackle China’s fake goods problem by giving physical products an 
“electronic passport” to record their movement - from source to destination - with the 
help of QR codes (Xiao, 2017). 

● Everledger’s digital ledger tracks and protects valuable assets by collecting an asset’s defining 
characteristics, history, and ownership to create a permanent record on a blockchain 
(Everledger, 2017).  

● Maersk and IBM are establishing a joint venture which will create a global blockchain trade 
platform aimed at improving the costs of transportation, lack of visibility and inefficiencies 
with paper-based processes. (White, 2018) 

● Walmart, JD.com, IBM and Tsinghua University National Engineering Laboratory for E-Commerce 
Technologies will create a “Blockchain Food Safety Alliance” to enhance food tracking, 
traceability and safety in China, to achieve greater transparency across the food supply 
chain. (IMB, 2017) 

● Provenance has developed a blockchain-based provenance record of transparency within 
supply chains, by tracing the origins and histories of products. Through labeling and smart 
tags, physical products can be linked to digital information. (Provenance, 2018) 

● Blockverify has developed a blockchain solution with aim to improve anti-counterfeit 
measures in different industries, for example the diamond-, pharmaceuticals- and luxury 
goods markets. The blockchain application can verify a product that is already in 
possession, trace and locate stolen merchandise, identify if a product was diverted from its 
original destination and track fraudulent transactions. (Blockverify, 2018) 

 
Everledger’s solution and Alibaba’s blockchain application are especially interesting. In the case of 
Everledger’s solution, diamonds are an example of an asset that is traced and tracked. All industry 
participants, including manufacturers, retailers and consumers, participate in the blockchain 
collaboration, with aim to create transparent information about the diamonds lifetime journey, 
from the origin to the end customer. (Everledger, 2018) Everledger’s solution is built on both a 
public and private blockchains to take advantage of the values created from the two types of 
blockchains (Everledger, 2017). Everybody is allowed to have viewing accessibility to the 
provenance of the diamond, however, private and confidential information are only accessible for 
permissioned users. (Everledger, 2018) According to Everledger (2017), the values created from 
the solution are: (1) transparency and authenticity in the goods traded, purchased and sold globally, 
(2) protection of the provenance of high value assets, (3) re-established trust in global trading 
marketplaces, and (4) reduced risk, theft, trafficking and fraud.  
 
Alibaba’s blockchain solution allows product’s tracking data (where the product comes from, its 
source, and which retailer it’s coming from) to be visible, which prevents counterfeiters. The 
challenge with tracking goods is to map offline activity online. To be able to do so the application 
utilizes QR codes and RFID devices. Each carrier serves as the product’s electronic passport, 
assigning them a digital identity with which to record their movement. Each product has its own 
code and every time the product is transferred from one actor to another, the code is scanned. By 
doing so, the history of location and timestamp can be stored on the blockchain, enabling 
verification of the origin. However, with many parties participating, collaboration can be 
complicated. At the same time, the solution is dependent on that all parties in the product’s supply 
chain wants to participate. Alibaba uses third party logistic firms which make the cooperation 
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difficult. Furthermore, competitors may not be willing to share sensitive data. As a result, the 
blockchain solution need to be able to protect each party’s data privacy while adding transparency 
to the overall supply chain. (Xiao, 2017) 
 
Why  
District heating companies may benefit from an application like this in three main ways:  

● The origin of the fuel is assured, ensuring that the quality is right. 
● The location of the fuel in the transportation process is visualized, establishing when the 

fuel will arrive to the production site, which may improve the planning of the production 
and unloading of the fuel. 

● Customers would be assured that the fuel is sustainable and the company’s sustainability 
profile would be strengthened, when the origin can be ensured. 

 
Ensuring the origin of the fuel is also a way of maintaining credibility. District heating is considered 
a sustainable heat source and will become even more sustainable since 100 percent of Stockholm’s 
district heating is to be generated from renewable and recovered energy. Considering that 
customers likely will have a strong position on the heat market and the importance of sustainability 
for the customers will likely be high in the future, the increased transparency could also help 
strengthen the district heating company’s sustainability profile. In addition, it is reasonable that 
new EU sustainability regulations will be established, for example requirements that the district 
heating companies need to present transparent information about the sustainability of their fuel 
mix.  
 
When 
Considering the district heating companies already are concerned with tracing the fuel and an 
existing infrastructure for fuel procurement and supply exists, a blockchain application would be 
built upon the existing infrastructure. Therefore, if a blockchain project would be initialized the 
project would only need to focus on developing the blockchain solution. Furthermore, the many 
use cases illustrate that a blockchain solution like this is possible to develop. Hence, the blockchain 
application could likely be developed at present time.  
 
Potential  
The fuel supply is an important part of a district heating company’s operations, involving large 
costs for the company. To improve the processes within this area would thus likely be profitable. 
As mentioned by Khan and Ytterberg in Internal interview 6, a district heating company has direct 
bilateral contracts with every supplier. This would provide a good foundation to build a blockchain 
cooperation on.  
 
Constraints that may affect the possibilities to perform a blockchain project at present time can be 
that the application requires involvement of many different actors. The collaboration and 
coordination in the project can, therefore, be difficult. Moreover, a risk can be that the suppliers 
feel that value for them is not created, thus making it difficult for the district heating company to 
persuade the suppliers to be part of the collaboration. Furthermore, the question if blockchain is 
necessary for this application needs to be discussed. Tracing and tracking of goods and products 
can be performed without blockchain. Therefore, the district heating companies need to evaluate 
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if the value blockchain adds to the solution is sufficient enough to compensate the investment 
costs. Moreover, in the use cases presented above, the customers are a part of the blockchain to 
enable them to view the transparent information. The district heating customers may trust the 
district heating companies to such an extent that blockchain is an unnecessary tool.  
 

Create a shared fuel procurement program with other district heating companies 
Situational analysis  
Fuel costs are a large share of the total cost for a district heating company. Fuel management (to 
do prognosis, secure risks, build a portfolio and handle variations that arise in production and fuel 
supply) is also expensive. Quality specifications of the fuel are different from different 
organizations depending on what type of production plants they own and undefined products 
make it difficult to standardize the process. In the future, district heating companies will purchase 
more biofuels due to the increasing sustainability and environmental goals in Sweden. Considering 
the demand for forest-based biomass is increasing, partly due to increased demand from the 
chemical and petrochemical industry (Werner, 2018), the cost for biomass may increase in the 
future. This can make it even more important to streamline the current process. Blockchain is a 
facilitator for collaboration and with a necessity of working together to optimize the process, it is 
interesting to investigate its potential for this area.   
 
Where  
The application focus on the supplier and procurement stage of the value chain. The application 
does not require the participants to be connected to the same district heating system, but some 
stages of their operations need to be similar. For example, that they require similar fuel, have a 
production collaboration, could work together to decrease risk, or that it would be possible to 
share parts of an infrastructure system (e.g. trains, harbors etc.). A blockchain solution would 
provide the most value on a spot market.  
 
Who  
Main parties in the application would be district heating companies, fuel suppliers and certification 
agencies. Depending on the chosen complexity of the application, agents and brokers, 
organizations managing transportation vessels and terminal personnel could also be involved. It is 
likely that EFO would need to be a part of the solution. EFO is a fuel procurement and transport 
company in Sweden, owned by eight district heating companies; Sundsvall Energi, Jönköping 
Energi, Mälarenergi, Söderenergi, Södertörns Fjärrvärme, Eskilstuna Energi och Miljö, Tekniska 
Verken in Linköping and Göteborg Energi (EFO, 2018).  
 
What  
The application would consist of a blockchain that could facilitate the collaboration between 
different parties in a shared fuel purchasing program by enabling district heating companies to 
collaborate in fuel trading and sharing of the market risk. The role of the blockchain would be to 
provide an immutable storage container for proof of activities and shared information. 
Furthermore, the district heating companies could help each other in the process of examining the 
fuel suppliers and their products and services by sharing each other’s risk assessments or even 
perform a common risk assessment (including information about purchase volumes, geographical 
location, previous experience, working risks, type of fuel, and legislative compliance). With the 
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help of blockchain the risk assessment can be shared between several parties and thus build a trust 
bank of secure suppliers. The parties could also share control of quality storage and certification. 
In addition, blockchain could potentially enable trading of other aspects as well. For example, one 
party may be willing to accept a higher risk than another party, which could be traded and settled 
over a shared blockchain. Moreover, if different actors would like to buy different shares of the 
fuel from the storage locations that could also be settled over the blockchain. The blockchain 
could record and visualize how much an actor buys, enabling the other parties to validate the 
procurements.  
 
How  
As mentioned, blockchain’s role would be to store data and ensure trust between involved actors. 
Someone from each company needs to be a blockchain network operator, and have the authority 
to define, create, manage and monitor the blockchain network. To be able to determine which 
actors that were involved in the decision process and to ensure that miscommunication between 
the actors is avoided, all information provided to the blockchain would need to be digitally signed 
by the participants. Furthermore, the digital signatures would allow direct approval of big 
decisions. New orders could also be recorded by the traders on the blockchain. To improve the 
planning process, the district heating companies could use the blockchain to share information 
about the size of their fuel storages at different locations. To ensure that the suppliers provide 
trustworthy information about how much fuel they store, the suppliers could, for example, sign a 
contract with information about the size of the storage along with a picture of the fuel storage. 
Sample controls would still be needed, however, the evidence on the blockchain would be useful 
if legal actions were needed. Blockchain could help divide ownership and facilitate the process of 
spreading the investment risk by keeping track of and recording the conditions for the investment. 
The blockchain solution ensures good collaboration and data sharing. However, if needed, it is 
possible to restrict access to data and limit the data transparency of the fuel between the companies.  
 
Why  
The values this application would provide are better risk management and a good foundation for 
further collaboration between the district heating companies. The application would likely make it 
easier to manage the risks connected to security of supply, especially during seasons where margin-
fuel can run out fast. If no party in a production agreement needs to hide the status of their fuel 
(in order to prevent the other actors to take advantage of the information), an optimized system 
could be created. Blockchain could solve any trust issues between the actors, especially if the 
organizations are of different size or have different resources available. Moreover, blockchain 
could remove the need for individual data recording, which would prevent tedious reconciliations 
when individual information does not match. As a result, the organizations could make faster 
decisions. In addition, a common procurement program could realize large-scale benefits. A 
cooperative approach would simplify co-operation of assets and risk auditing of suppliers. With 
no established marketplaces, as for waste and biofuel, blockchain could also help increase trust in 
the bilateral contracts.  
 
When  
The application is possible to implement in present time regarding the technical aspects. 
Tentatively, a small pilot project could be developed, involving only a few parties and one specific 
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type of fuel, for example an expensive margin-fuel like bio-oil. During a pilot project it would be 
possible to experiment with the blockchain and increase the complexity of the application as the 
project progresses.  
 
Potential  
A limiting parameter for this collaboration discussed in Internal interview 6 with Khan and Ytterberg, 
is that producers want different quality of biofuel. On the contrary, considering it is a complex 
product, it may be even more important to record every decision on a blockchain to prevent 
discussions on why a certain quality of biofuel was bought. A collaboration with many actors may 
also result in longer lead times and compromises. Another limitation is that if the organizations 
involved in the collaboration have trust for each other, blockchain can be a complex solution with 
small added value. Blockchain needs to be evaluated against other technologies that may have 
better performance, for example traditional databases. 
 
The real potential for the district heating companies would be to work in a new way with other 
players on the market. A shared procurement program could enable the district heating companies 
to be more engaged along the entire supply chain and perform more ethical procurements. Using 
a blockchain solution could be a way of not interfering with the cartel laws by being transparent 
with all decisions taken. Transparent information could also prevent unconscious price fixing and 
other restrictive practices.  
 

Create smart contracts with the suppliers 
Situational analysis  
Smart contracts (read more in section 3.1.2.5 Smart contracts) are appropriate for blockchain and 
will likely drive the “programmable economy” in the near future. For a district heating company, 
the task of handling contracts with many different suppliers can be difficult. Furthermore, 
deliveries are continuous during the year and many different people are involved in the handling 
of the deliveries.  
 
What 
A possible blockchain application could be to create smart contracts between the district heating 
company and its suppliers. The smart contracts could automatically be carried out when a certain 
condition is reached. A smart contract can be executed through manual triggers, from an IoT signal 
or a set of workflow operations determined by the user. For example, an approval of an order 
could execute an automatic release of funds. The approval could be performed by different 
triggers. For example, if a quality check of the fuel is performed, a document verification of the 
measurement result could then be created and recorded on the blockchain which will execute the 
contract. Invoices, bills of lading, letters of credit or any documentation involved in a supply chain 
transaction could be included in smart contracts.  
 
Potential   
Smart contracts can be utilized as a part-solution in many larger blockchain applications since they 
are reliant on an underlying blockchain structure. However, it is also possible to develop a 
blockchain application that only involves smart contracts. If an application like this would be 
developed, it is beneficial to start a pilot project involving suppliers that the district heating 
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company has a good relationship with. The fact that the application requires involvement of many 
participants, lowers its potential. If few parties are involved it will be necessary with parallel 
solutions to handle contracts and this would mean more administration work. Furthermore, it can 
be hard to ensure that all suppliers use smart contracts since it would require a digitized system for 
everyone involved.  
 
With smart contracts, no manual handling is required and the whole process can be more digitized. 
There would be less human involvement in the settlement process which could also help reduce 
disputes. However, smart contracts may overcomplicate the current process if there are no trust 
issues. Some additional problems that reduces the potential of this solution are the fact that there 
are easier systems on the market and smart contracts do not need to be developed over a 
blockchain. To develop truly smart contracts that do not have predetermined conditions and are 
reliant on real time data will take time. Before implementing a solution for smart contracts, it could 
be wise to wait and see if a standard will arise or if one platform (in addition to Ethereum) will 
take the lead. 

7.1.2 Area 2: Production & Sustainability 

 
 

Create a common heat production system between district heating companies with aim to 
optimize the district heating network 

Situational analysis  
District heating companies with adjoining networks can choose to connect their networks to each 
other to take advantage of each other’s production which enables the companies to produce more 
or less than the heat demand of their own system, thus optimizing the entire system. Heat 
producers connected to the same system often make agreements in advance and adjustment 
settlements in retrospect. As Dalgren discussed in Internal interview 3, the settlement process is 
performed by sharing the benefit of having more production plants to choose from in the system. 
The total revenues and costs are easier to determine afterwards than beforehand, due to the fact 
that the profit depends on the volume of produced heat which can only be determined afterwards 
(Heldesten et.al., 2013). Today, the settlement process is complicated and time consuming. The 
system would likely benefit from a solution enabling continuous agreements to simplify the 
settlement process. Furthermore, considering a future with more collaboration and 
decentralization (as discussed in chapter 5 Future scenario), it will be even more important to ensure 
that the settlement process is efficient.  
 
Where  
This application would mostly concern the departments for production and distribution.  
 
Who  
Involve parties would be heat producers, mainly district heating companies, that either are 
connected to the same district heating network and have a production collaboration or heat 
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producers that want to create a production collaboration and connect their networks. Other types 
of heat producers, for example excess heat suppliers, could potentially also be part of a cooperation 
like this.  
 
What  
Blockchain may be utilized to create a common heat production system and facilitate the process 
of establishing how much and when each of the connected district heating companies should 
produce. The blockchain can be used to record decisions taken in the optimization process. The 
blockchain could also lay the foundation for a continuous settlement process, where decisions are 
accepted periodically, reducing the need to explain decisions taken, weeks after the event. The 
application could also work as an internal tool, by recording continuous status of the production 
plants. This could help facilitate cooperation between different production plants and prevent 
conflicts between departments with different end goals.  
 
How  
For an application like this, blockchain could be used to: 

● Manage agreements and contract signing between participants, maybe even perform 
automated agreements based on predetermined factors.  

● Record which producer delivered heat, at which time and at what volume.  
● Share data important for all parties.  

 
Every time an agreement is reached between different actors a proof of this is saved on the 
blockchain with information regarding for example the amount that was produced, the fuel type 
that was used and the outside temperature. Eventually, the blockchain could be used to share other 
data besides proof of agreements to deliver heat to the system. 
 
Why  
Decisions on how to operate the system is taken for every hour, and many times those decisions 
are dependent on several parameters. To go through all of the parameters to understand why the 
decision was taken takes time and is today an inefficient process. If the settlement process between 
the heat producers would be performed continuously, instead of afterwards, the settlement process 
would likely be easier, faster and more accurate, which may result in a better relationship between 
the participants. Spending less time examining historical data may also mean more time to improve 
the system performance for the future. More sufficient communication earlier in the decision 
process would be beneficial when many different production plants collaborate. Modin stated in 
External blockchain interview 2 that by knowing that the information stored on the blockchain is 
truthful, the agreement process can be faster.  
 
When  
A blockchain collaboration like this would likely be feasible to develop at present time. If a 
production collaboration between district heating companies already exists and how digitized that 
collaboration is, will, however, affect the timeframe. If a collaboration already exists, the project’s 
main focus would be to develop the blockchain, making the process faster. If partnerships need 
to be agreed on and/or digitized, the project process may be much longer. 
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Potential 
The potential of this application is high due to the fact that it could improve a costly and time-
consuming process. As mentioned, it will be more common with collaboration in the future and 
these collaborations require efficient processes. Finding ways of optimizing production plants and 
systems over time, is also important in order to sustain a strong market position and decrease the 
cost for the whole system. A more optimized system is most of the times a sustainable system. 
Seen from a socio-economic perspective, it is favorable if all parties in the society can collaborate 
to improve society value.  
 
A problem with the application is to decide which data that should be shared between the district 
heating companies, since the district heating companies are still competitors. Every party’s data 
privacy needs to be protected while the whole process is transparent.  
 

Improve trading of carbon credits 
Situational analysis  
The carbon credit system is important to reduce carbon emissions and reach environmental goals. 
Carbon credits can be traded between a company that is not in need of the credits and a company 
that needs to emit more than what the company have carbon credits for. Moreover, the carbon 
credits can be offset by other parties to reduce the carbon credits on the market. The carbon credit 
system, however, are suffering from some issues. One issue is that the system lack visibility and as 
a result, people do not trust the carbon credit as an asset. Lack in trust have also occurred due to 
different standards and regulations in different jurisdictions and the potential for double counting 
(where the same credit is sold more than once). Another issue is that it is not easy to track how 
much carbon that has been used or what the impact of the reduction has been on a tangible level 
if carbon credits are offset. (Walker, 2017) In addition, it is possible that the EU Emissions Trading 
System (EU ETS) will be stricter in the future as a result of the reforms from the winter-package. 
In conclusion, the system thus need to be improved. 
 
What 
To improve the trading of carbon credits blockchain could be utilized. Blockchain would be a 
feasible solution due to the fact that many actors are involved, which are in need of performing 
transactions between each other, share information between one another, and view the same 
information in a transparent way. Recording carbon assets on a public blockchain and using digital 
currencies would guarantee transparency and ensure that transactions are valid and automatically 
settled. Projects have been initialized by companies in the energy sector to improve the trading of 
carbon credits and the district heating companies could potentially join these projects.  Two use 
cases show that it is possible to develop a blockchain application within this area. The first use 
case is created by Energy Blockchain Labs and consists of a platform for carbon credit trading (Energy 
Blockchain Labs, 2017) and the second use case is created by Veridium which allows customers to 
buy and offset carbon credits (Veridium, 2018).  
 
Potential   
Initialized projects within the area are proof that it is an area that may benefit from blockchain, 
however, these use cases are still immature and not fully developed. Thus, at present it is not 
interesting for a district heating company to join a blockchain collaboration for trading. However, 
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the projects will probably evolve and improve making it valuable for a district heating company to 
stay updated about the projects. For district heating companies that only want to understand how 
blockchain works, this application is beneficial, considering large investment costs and risks would 
not be put on the district heating company. For district heating companies that want to develop 
its own blockchain collaboration, this is not the right application. 
 

Calculate and visualize production climate impact 
Situational analysis  
Sustainability will be important in the future and the market will most likely see an increasing 
amount of certified buildings with larger requirements on the building’s environmental 
sustainability. Good reporting systems of emissions for a district heating company will thus be 
important. Emission per hour and emission compared to other parameters need to be more 
transparent and easier for the customers to access. Moreover, it may be valuable for a district 
heating company if new taxes on waste incineration, nitric oxide and carbon are implemented in 
Sweden.  
 
What 
The application would include a blockchain where emission rates per hour and distribution losses 
would be recorded. An additional system for facilitating for customers to calculate climate impact 
with the secure data from the production recorded on the blockchain could also be offered to the 
customers. The application would be used as a tool in the certification processes. To increase 
integrity of the data it would be possible to let machines perform the input of the data instead of 
humans.  
 
Potential 
The application is interesting due to the fact that some consumers are interested in how sustainable 
district heating is. If the customers need to show their primary energy origin, this application would 
be valuable. A better visualization of the climate impact of the district heating production could 
also simplify the environmental certifications of buildings by providing better and more reliable 
data. The application could create value by showing that district heating is a sustainable heat source, 
something that many district heating companies currently do not take advantage of. Value could 
also be gained by improving the system for tracking and reporting greenhouse gas (GHG) 
emissions. In the future, with more requirements on sustainability reports it could be easier to 
create better and more trustworthy reports and make sure that double counting is avoided. The 
blockchain technology could also serve as a tool for Stockholms stad to monitor emissions from 
different production plants.  
 
The disadvantage that lowers the potential of the application is that it would be a centralized 
solution. Blockchain is not necessary when there is one central player and it is hard to have 
validation of the information in a way that would make blockchain valuable. Therefore, other 
solutions are thus likely easier to utilize.  
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Enable the customers to influence environmental decisions and impact the sustainability 
profile 

Situational analysis  
Today, customers have a very low involvement in decisions taken by a district heating company. 
At the same time, the district heating is a substantial part of the properties total emissions. 
Customers will likely have a stronger market position in the future and they will potentially want 
to affect companies’ sustainability profile (discussed in chapter 5 Future scenario).  
 
What 
This application would be a marketplace where the customers are offered to influence the 
environmental actions of the district heating company. Services offered could, for example, be a 
certain certification on the fuel used, trees that will be planted or support of socially sustainable 
actions such as gender equality projects. For services like this to be feasible, the action bought by 
the customers need to be performed and stored. The verification of the transactions could be 
recorded on a blockchain. The blockchain could be used to show customers that the district 
heating company did what was promised.  
 
Potential   
It is likely that many private customers would be interested in actions that would make their energy 
company more sustainable. However, it is not certain that they are willing to pay for it or change 
their own energy consuming behavior. The customers often expect the company to do sustainable 
choices anyway. However, customers that have their own energy goals within their organization, 
for example large property owners such as Akademiska Hus, may be more incentivized to take 
action. A problem is how the district heating companies should fulfil the promises that the 
company has given the customers. It demands good communication in the organization, a high 
level of customer focus and that the district heating company is willing to change. Moreover, it 
may also be difficult to implement blockchain when the district heating company is the central 
party, a third party would be needed to validate that the actions have been performed. However, 
the purpose of utilizing blockchain is then lost. 

7.1.3 Area 3: Distribution & Properties  

 
 

Ensure quality of the metering and maintenance tasks 
Situational analysis  
When district heating is produced and distributed in the network system, the heat is delivered to 
the substations in the buildings. Unfortunately, approximately 75 percent of the substations and 
customer heating systems have some kind of temperature errors giving higher return temperatures 
(Werner, 2017). As a result, the efficiency of the district heating system is not optimized. Today, 
there are many different actors involved in the district heating services, not only during 
construction but also during the maintenance phase. A problem is lack of communication between 
these actors. Furthermore, the customers often lack insight in how the measurement process is 
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performed. As a result, they may feel that they do not have control over their heat consumption 
and if the measurement values are high they may feel uncertain if it is a result of a high 
consumption or incorrect measurement values. Therefore, it is important to make the operations 
more transparent for the customers to ensure high customer satisfaction. In addition, it will be 
important for the district heating companies to offer a more diverse portfolio in the future. For 
example, the district heating companies could offer more services targeting properties. In the 
future, the system will be more connected, and this complexity will be hard to handle. Different 
types of actors will be needed to perform maintenance work in the properties or remotely on the 
systems. Nevertheless, this needs to be managed in a way that simplifies the collaboration 
processes.  
 
Where  
The application would mostly target the customer stage of the supply chain, but the production 
and distribution would also be involved. The application is not tied to a specific district heating 
network, customers connected to other networks could also use the service. However, the most 
value would arise if the customers were connected to the network of the district heating company 
offering the platform.  
 
Who  
Involved in the solution are the district heating companies, district heating customers, property 
managers, operating technicians and other organizations performing maintenance.  
 
What  
A blockchain application could be developed to ensure quality of the metering and maintenance 
tasks. The foundation of the application would be a web-based platform which could be available 
for all involved parties in the form of an app. The substations could send and receive information 
over the blockchain to and from the platform. If abnormal values would be recorded or the 
substation would stop sending information, the district heating company and the operating and 
maintenance technicians would receive a notice via the platform. The operating and maintenance 
technicians could then notify the system that they have received the information and that they 
have gone to the location and solved the problem. The information from the operating and 
maintenance technicians could be automatically sent to the customers and the district heating 
company when they announce the performed actions on the blockchain. The automatic system 
would allow the district heating company and the customers to have complete control over the 
maintenance tasks performed without intermeddling in the process.  Furthermore, the system 
could allow district heating companies and customers to place work orders via the blockchain. The 
maintenance technicians could then signal to the district heating company and the customer that 
the work will be performed and when it will be done. The system could include an “approve 
function” where the district heating company and customer could approve the intended work, the 
conditions for the work and the planned time for it. As a result, all parties (especially the customers) 
would be notified that actions will be performed on the substations. With the help of the approve 
function, the customers could also directly confirm their heat consumption and an automated 
contract could be executed.  
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A blockchain feature could also be used to improve the communication with the customers, by 
utilizing the substations as the communication tool and recording the information in the message 
on a blockchain. The substations are always connected to the property so information about 
maintenance of replacement would always be delivered to the customer. This would especially be 
useful when the substation needs to be replaced during audit. Audit often occur every fifth year. 
The time period of communication between the customers and the district heating company is 
thus long. With the current communication system, the risk is that the information is not delivered 
to the right person which communication via the substations would solve. Important to remember, 
is that the blockchain does not guarantee that the actions recorded on the blockchain actually are 
performed (and in the right way) in real life, since it is difficult to connect digital value with the 
physical value. However, the transparent communication system with historical data saved will 
likely make it easier to correct errors, since after-controls of who performed the maintenance task 
and when can be made. A further development of the application that probably will be possible in 
the near future is to integrate AI in the solution. With the help of AI, the system’s decision and 
management processes could be updated.  
 
How  
The application would consist of a website, a cloud environment, an underlying blockchain 
protocol and a set of applications. The district heating company could be the main responsible 
party of the system. 
 
Accenture’s (2017) blockchain platform prototype for procurement for oil and gas can be used as 
inspiration for how the application would work. Accenture has created a blockchain platform with 
aim to improve how oil companies purchase maintenance services and materials for their well sites. 
A process that is largely manual, time-consuming, and inefficient. Currently, when something 
needs to be bought for the site, the field supervisor call or email the oil company’s central 
procurement department which then places the order via a vendor. Accenture’s solution digitizes 
the entire process and give all involved parties access to the shared data on the blockchain. The 
platform solution consists of a mobile app for field personnel and a web portal for back-office 
workers. When a field supervisor, for example, discovers that maintenance of a well by a welder is 
needed, the field supervisor can use the mobile app to find one. By indicating necessary criteria, 
the mobile app presents a pre-approved list of welders in the field who could fulfill the requests. 
The field supervisor then enters the details of the work and order one of the welders. The vendor 
and the oil company receive the order via the web portal. The welder completes the work and 
inform the system of the work performed. The supervisor is notified that the work is ready to be 
reviewed. When the supervisor has accepted the work via the web portal, the oil company initiates 
the payment to the vendor. Accenture (2017) describes that the advantage with the solution is that 
all participants of the blockchain can work from the same secure record of data. This eliminates 
the risk of a single point of failure and data silos across companies. As a result, the need for 
reconciliations when information between parties does not match can be avoided. Lastly, the 
system provides the involved parties with a service history record of the equipment, allowing 
everyone to see at any time how the equipment has been maintained. Potential trouble areas can 
thus be identified and fixed before they become bigger problems. (Accenture, 2017) 
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When  
This application could likely be developed at present time. Factors that will slow down the 
development process are connecting parties to the system and build the technical solution for the 
platform in addition to the blockchain solution. It can be hard to create a simple version of this 
application, since it is very important to handle interoperability with other systems. However, it 
would, for example, be possible to build a platform without blockchain, with aim to explore 
ecosystem solutions.  
 
Why  
The application would improve the maintenance of the substations and ensure that measured 
values are correct. When the quality of measured data is assured, and higher transparency is created, 
customer satisfaction will possibly increase. When customers approve their service, they will be 
more content with the service they receive since they have different conditions that are better 
accounted for. For example, some customers want to be at the location during the maintenance, 
and for some customers their equipment cannot be turned off during more than 10 minutes. As a 
result, the application would provide an easy way to create close customer relationships. As Boberg 
stated in Internal interview 4, it is important to carefully communicate changes that affect customers 
in order to maintain a good relationship. Beside the property owner, a system like this would also 
be beneficial for the property managers. They would be notified of changes in their properties, 
enabling them to integrate the information in their planning and management of the properties. 
Furthermore, by utilizing a platform, the district heating company could collaborate better with 
operating technicians and manual work could be avoided. Beneficial with a platform solution is 
that it improves the data exchange between entities and make the transactions more transparent. 
Testing a platform solution can be of great value considering more ecosystem focused business 
models may be more common in the future.  
 
As Wrigglesworth mentioned in Internal interview 1, companies need to test new ways of doing 
business since value chains are becoming less linear. Additionally, during External blockchain interview 
3, Snäll talked about Lantmäteriet testing a more distributed value network because they think that 
this will be necessary in the future. To test a new form of collaboration in order to prepare for 
future collaborations, could thus be a reason for developing this application. Additionally, a 
solution like this would give the district heating companies control over the performances of the 
subcontractors. It would also facilitate the district heating company’s work to control if the work 
of the subcontractor is correct, and if not, charge the subcontractor for it.  
 
Potential  
The potential of an application that would ensure quality of the metering and maintenance tasks 
has high potential considering the many values that would be created. Moreover, use cases, like 
Accenture’s blockchain project described above indicate that blockchain possibly would be 
favorable to utilize as a tool for communication between different actors. During External blockchain 
interview 2, Modin mentioned that a company needs to be willing to embrace change during a 
blockchain project. This also includes the involved parties. If all parties are not willing to change 
during the course of the project or if the project is not anchored in the organization, the likelihood 
of a successful result is much lower. Therefore, incorporating many organizations in a project that 
require a change of work processes or that disrupts the traditional way of doing things, is an issue.  
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Facilitate extended load control management for the customers 
Situational analysis  
Load control will likely be more common in the future not only for electricity but also for heat. 
Today, load control in the district heating system is done by electronic control of the substations 
or by controlling the temperature in the properties. Smart heat controls enable a system to control 
the temperatures in separate rooms. As a result, the properties’ heat demand can be controlled in 
a more efficient way. Furthermore, customers will probably demand more for the same price in 
the future and implementing smart control systems can help customers maintain a good indoor 
climate while simplifying load control. Nevertheless, customers will probably want to get paid for 
offering their flexibility to the system.  
 
What 
The application would be a system where the customers agree to let the district heating company 
manage their temperature to be able to control power deficit in the system. The district heating 
company would act as the load control actor with the help of blockchain and sensors. The 
decisions taken for the customer’s building will be stored on a blockchain. The blockchain could 
also be used to store contracts regarding the load control digitally. The customers would be a part 
of the blockchain solution and, for example, sign contracts or agreements. Moreover, customers 
could also use the blockchain to trade directly with other customers that are connected to the 
system. For example, trade power-rights for the next month or sell degrees in real time to a 
neighbor. The customers could trade with tokens issued by the district heating company which 
could be utilized as a payment method as well. The service could utilize smart contracts where 
payments are carried out directly when the district heating company use a property as back-up 
energy to solve power deficit situations. An addition to the service could be to offer different 
contract options and different incentives (e.g. a 1 to 5 degree change, degree changes only during 
certain months, a lower total bill, etc.).  
 
Potential   
By creating a better system for load control, synergies between different properties could be 
utilized in a better way. It is also possible for a district heating company to offer this service since 
they have a large existing customer base. The service would create more customer interactions, 
which is beneficial to strengthen the relationship but also hard to manage. One thing to keep in 
mind is that housing cooperatives have long decision processes. As a result, it may take time before 
the customers accept an application like this. Furthermore, the customers may feel that the savings 
they could make may not compensate the less advantageous indoor climate or the need for a 
changed behavior. Another thing to keep in mind, that Rejment discussed in Internal interview 2, is 
that digitalization is not always creating new value. Often money is just reallocated from another 
area, for example instead of customers spending money on their energy bill they spend it on their 
smart heat control system. In total, the customers demand a lower or similar cost, which is 
something that a district heating company should be aware of when developing new digital 
solutions for customers. The district heating company needs to evaluate this risk against the risk 
that a third party actor starts offering the digital solution instead. The real potential of this solution 
comes from solving the power deficit. However, the share that is possible to control is often very 
small compared to the total heat demand during certain hours. Furthermore, according to Dalgren 
(Internal interview 3) power has different value depending on where in the system the property is 
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located, this value inequality can make it more difficult for customers to trade power with each 
other. Potentially a blockchain solution facilitating load control could be used for more integrating 
systems. For example, including local energy storage solutions or direct cryptocurrency payments. 
 

Simplify the transition towards smart and automated properties 
Situational analysis  
Digitalization is more common today in the property industry and will most likely have an 
important role in the real estate industry in the future. For Stockholm to be able to reach its goals 
of being a smart and sustainable city, properties need to reduce their heat demand. Forsberg 
mentioned during External energy interview 3, that changes are occurring on the customer side of the 
district heating systems. However, the systems are not equipped to handle these changes. To 
prevent the risk of not develop in the same pace as the competition on the market, the district 
heating companies need to take part in the digitalization development within the real estate market. 
According to EU directives, future buildings will need to be more energy efficient, and many of 
the energy saving measures will be new digital solutions. In addition, a changing marketplace within 
the real estate industry can result in new actors entering the market, and thus increase the market 
competition. A risk would be if these new actors would affect the district heating companies’ 
communication with their customers. 
 
What 
An application developed to solve this problem would include smart control systems for a property 
and potentially also the developed application Facilitate extended load control management for the customers. 
The application would help property owners in the automation process by offering an overall 
solution to the customers, including for example heating, lightning and ventilation. In the 
beginning, a smart control system could be implemented with the aim to store important 
information or visualize improvements. The system could then later be scaled to involve connected 
home appliances and store data from these appliances and enable them to communicate to each 
other. As a result, the district heating company would receive more data about the customers, 
enabling the companies to create better customer profiles and understand what the customers 
want. A blockchain can be used as a storage place for data and as a way to ensure the customers 
that their data is safe. The blockchain could also be used as a protocol layer to enable the 
implementation of smart contracts to automate reactions from the smart control system. 
Blockchain could also be used as a tool to collaborate between other actors and sharing data 
between different systems in the property.  
 
Potential   
When an application like this is examined, the district heating companies need to consider how far 
from their core business they should focus. This application requires the district heating companies 
to expand their value offer, however, it can be hard to start offering a general solution for facility 
management. They may not have the right knowledge and as mentioned by Rejment in Internal 
interview 2, the market for smart control systems is tough with many startups. Therefore, it may be 
difficult for a district heating company to take a position while experimenting with blockchain; the 
market may require a faster approach. However, a better offer of digital solutions could be a future 
strategy to compete with third party companies entering the market. The new companies could 
take a position in between the customers and the energy company. An example of a company that 
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has taken the intermediary position on the electricity market is Exergy which is helping customers 
sell their data to utility providers and create individual responses to changing conditions (as a high 
electricity price). In the future it is likely that similar actors will emerge on the heat market.  
 
An important question to discuss is if blockchain is the most favorable technology for an 
application like this, considering blockchain is not appropriate when handling big data. In addition, 
the application likely requires additional factors to be performed, for example installing sensors 
and analyzing data. In conclusion, the potential of a solution that would improve and make the 
transition towards more smart and sustainable properties is high, however, the potential of 
blockchain being the main tool in this solution is low.  
 

Manage Individual Measurement and Charging of heat and domestic heat water for the 
property owners and the housing cooperative 

The purpose of Individual Measurement and Charging (IMC) of heat and domestic heat water is 
to raise awareness for residents about their energy consumption. However, according to Boverket 
(2015) IMC for heating and domestic hot water is not profitable. A solution that would enable a 
more sufficient IMC would thus be favorable. Blockchain could be utilized to store information 
about the residents’ heat and water consumption and make it visible for both property owners and 
residents. As a result, the transparency would increase, and all parties would be able to see that the 
measurements are correct. Moreover, the recorded data could also facilitate the development of 
solutions to optimize the internal energy use. However, blockchain would likely not make IMC 
more profitable, on the contrary, it might even make the solution more expensive when blockchain 
is added on top of an existing solution. Therefore, it is not likely that a blockchain application to 
solve this problem, would be beneficial. However, if an EU law would force the builders and 
property owners to implement IMC, blockchain may be favorable as a tool for collaboration 
between the district heating company, the property owner and the residents. With their established 
customer relations, the district heating companies have a strong position to help their customers 
with the implementation of IMC.  

7.1.4 Area 4: Excess heat suppliers  

 
 

Enable a dynamic control system of the heat temperature excess heat suppliers deliver 
Situational analysis 
The amount of excess heat suppliers connected to the district heating networks have during recent 
years increased and will likely continue to do so (discussed in chapter 5 Future scenario). Often, the 
excess heat suppliers can choose different contract forms when connecting to a district heating 
network. Excess heat suppliers with stable levels of excess heat throughout the day and year often 
choose a contract form that state that the excess heat supplier commit to deliver a certain amount 
of power. This contract form ensures the excess heat suppliers that they can deliver their waste 
heat (most of the time) to the district heating company. At some occasions, the district heating 
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network are in need of excess heat but not to the same temperature as stated in the contract. If 
the network does not require the temperature of the water delivered from the excess heat suppliers 
to be as high as stated in the contract, the data centers could deliver colder water. As a result, the 
district heating system would be better optimized. Since data centers need to use heat pumps in 
order to deliver their excess heat to the district heating network, their electricity consumption will 
be higher than in an optimal scenario. At present, there is no system in place that can allow the 
excess heat suppliers to deliver heat with lower temperatures than stated in the contract. However, 
if such a system would be in place the data centers would not need to run their heat pumps when 
it is not necessary, needing less electricity, and thus reducing their operational costs. Furthermore, 
the district heating system would be more optimized.  
 
What 
A possible solution could be to develop a system that controls how much heat and to what 
temperature the excess heat suppliers should deliver to the district heating network. A plausible 
system could consist of a blockchain combined with sensors. The sensors could be placed in the 
pipes, in the intersection where the excess heat suppliers’ pipes are connected to the district heating 
pipes. The sensor could register the temperature in the pipes and automatically send the 
information to the system. The information could be stored with the help of a blockchain, which 
would enable a transparent and secure history of data, visible for all involved parties. By connecting 
the district heating companies’ operations with the data centers’ operations, the two operations 
could be optimized together.  
 
The advantage with storing the information with the help of a blockchain would be that all parties 
would know that the data cannot be altered, and the history of the data could be viewed afterwards 
if any disagreements about if the right temperature was delivered or the right payment was 
received, would arise. The billing process may thus be easier. Furthermore, by creating a 
transparent system, all actors would be able to see the network demand. Hopefully, faster and 
more effective transactions between the parties would thus be obtained. If the project would be 
successful, the system could potentially be extended to cover the whole billing system for the 
excess heat suppliers. Smart contracts between the district heating company and the excess heat 
supplier could be utilized, which automatically performs contracts and agreements depending on 
when heat is delivered and to what temperature. A feature of such a system would, for example, 
be automatic refunds or deductions from the bill if the agreed conditions are not met. As a result, 
more dynamic contracts with varying prices would be feasible. In addition, the system could also 
send out warnings if abnormal values or changes in the system would be registered.  
 
Potential   
The potential of the application is that the value for the excess heat suppliers would increase, due 
to the fact that the solution would possibly decrease their operational costs. Furthermore, the 
transparency in the system created by the dynamic billing may increase the trust for the district 
heating companies. The strong market position many district heating companies have compared 
to the excess heat suppliers, sometimes leads to mistrust for the district heating companies and the 
concern that the excess heat suppliers do not receive a favorable payment for their waste heat. 
Hopefully, that concern would be uncalled-for if the above described blockchain application would 
be developed. Additionally, as Dalgren discussed in Internal interview 3, in the future it will probably 
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be difficult to handle a large number of external heat suppliers. Having a more dynamic system 
facilitated by smart contracts could help the district heating companies to optimize the network 
by taking individual conditions and values (as perspectives on social utility) into account. 
Automated responses on triggers can also facilitate the communication needed.  
 
The disadvantage with the application is, however, that the heat pumps in the data centers require 
a different amount of time and electricity to switch up and down.  Therefore, the solution would 
be needed to be individualized for each data center which would make the application difficult to 
develop. Another concern would be to decide who should be responsible for the investment costs 
and maintenance costs of the sensors; the district heating company or the excess heat supplier.  

7.1.5 Area 5: Customer relations 

 
 

Create smart contracts with the customers 
Situational analysis  
Customer awareness becomes more and more important. Therefore, it is important for the district 
heating companies to focus on customer satisfaction. To meet customer demands, focus will likely 
continue to be on simplicity, comfort and price worthiness. One way to enable higher customer 
satisfaction is to simplify the contract agreements.  
 
What 
The application could consist of smart contracts performed between the district heating company 
and the customers. Contracts are digitized and stored on a blockchain and digital signatures would 
verify the transactions. Continuous smart contracts could also be utilized as a way of automating 
communication. An interesting add-on to the application would be to introduce smart contracts 
in an app developed by a district heating company. Direct communication with the customers 
could then be performed via the app. The created value would be: 

● more efficient and faster handling of contracts 
● the documentation cannot be altered afterwards 
● higher transparency and easier price models between the district heating companies and 

the customers 
 
Potential   
Similar to the application developed to facilitate smart contracts between the district heating 
company and the suppliers (read more in application Create smart contracts with the suppliers) the 
application is not hard to perform but the question is how much value it will create. Many 
customers need to be interested in the solution and it is hard to ensure that all customers use the 
same solution. Especially difficult will be to convince people to trust the blockchain since it is an 
innovative technology. The customers may want to continue having contracts in paper form with 
predetermined conditions. The customers will probably only make an effort to adapt to a new 
contract process if they see an increased benefit for themselves which is hard to initially show with 
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a smart contract solution. What could increase the potential is the use of smart contracts as a 
communication method; to simplify the contact process and the administration work required 
around work orders. Blockchain is highly suitable for facilitating smart contracts, however, 
considering the transactions (at least at present time) only would be performed between one district 
heating company and many customers (a one-to-many situation) blockchain is not the most 
suitable technology. Nevertheless, smart contracts integrated in other blockchain applications 
remain interesting.  
 

Manage a customer payment system with more transparent prices  
Discussions regarding TPA and organizational initiatives, like “Prisdialogen” with aim to create 
competitive market prices for the customers, are indications that the customers feel that favorable 
and transparent prices are important. A solution to increase the transparency of the district heating 
prices could be to simplify and make the payment solution easier for the customers. The district 
heating company could, for example, create their own cryptocurrency which the customers could 
utilize to pay for the heating and cooling, and other services. Moreover, individual pricing would 
maybe be easier to offer the customers when the prices could be visualized. Customers would 
likely want an application like this if it would result in lower prices, however, it is uncertain if 
blockchain would enable that. The reason why the price is currently not individual, is because the 
customers want it to be easy. They want to know what they will be paying to be able to calculate 
the investment cost and they want to ensure that the price does not increase, they rather risk paying 
a little bit more than take the risk of needing to pay a lot more if the consumption would be high. 
The question then is, if individual pricing is something the customers want, even though 
blockchain would make it easier. Furthermore, it is probably not enough payments carried through 
for it to be worth investing in blockchain. 
 

Optimize the sale process of heat, from production to end-consumer where several 
intermediaries are involved 

The district heating companies are only in contact with their customers, and not with the 
customers’ customers. However, it is often the customers’ customers that are the end users. If the 
end users are not satisfied with the heating, for example if they feel that heating is too expensive, 
or the apartment is too cold the district heating company is often the one to blame, even though 
they are not in control of it. Therefore, it is important that the end users also are satisfied. The 
whole sale process - from the first stage when the district heating company sell heat to their 
customers (e.g. the property owners), to the last stage when the heat is sold to the last consumer 
in the process, could be streamlined by improving communication and transparency. By doing this, 
the transactions may be faster which may reduce transaction costs, which may reduce the cost for 
the end consumers. Furthermore, it would give the district heating company a chance to be 
connected to the end user and expand the value proposition. An uncertainty, however, is if the 
district heating customers would approve that the district heating company is in contact with their 
customers directly but also if the district heating company wants to handle more customers. Finally, 
an even more uncertain factor is how blockchain could be utilized to solve the problem; blockchain 
is likely not the right tool for a solution like this at the moment.  
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Enable the creation of a client profile 
Understanding the customers, to increase customer orientation and customer awareness is today 
very important for the district heating companies, as the power of the customers have increased. 
A better understanding of the customers will make it easier for the district heating companies to 
customize their services. To create an understanding of the customers, data could be collected, 
analyzed and compiled in a client profile. Furthermore, historical data could also be utilized to 
create a complete picture of the customers’ behavior and how it has evolved. AI may also be 
integrated in a client profile system to learn from the residents’ behavior, for example which 
temperature they want to have in the apartment at what time. EY (2017) highlights that blockchain 
to enable the creation of a client profile is beneficial due to the fact that it would create an easy 
way to better understand the customers and exemplifies that the client onboarding process could 
be faster by creating a profile stored on a blockchain. However, even though it is an important 
area to work with for the district heating companies, the value blockchain would add is not clear 
since the client profiles would not be shared between different parties. Moreover, it is not clear 
which parties that would participate on the blockchain. A regular database would likely be 
sufficient to store the collected consumer data. In addition, blockchain is not suitable to handle 
big data, since it is not beneficial to store large volumes of data on a blockchain.  

7.1.6 Area 6: Data Storage & IT security 

 
 

Simplify machine-to-machine (M2M) communication between the production, distribution and 
customers 

Situational analysis  
Smart properties together with an increasing number of connected devices and soon also 5G will 
likely make the distribution of district heating more digital. When systems become more digitalized, 
IT-systems needs to be developed in order to handle large amounts of data. With more IoT-
devices, security issues will arise that blockchain could help solve, for example by protecting 
sensitive data.  
 
Where  
This application affects major parts of the value chain as the solution links the production, 
distribution and consumption process.  
 
Who  
Participating actors in the process of simplifying M2M communication are the departments that 
manage the production, the distribution, and the customer relationship. Furthermore, customers, 
not the least the property owners, needs to participate since the substations are located in the 
customers’ properties and owned by them. Technologies, like smart control systems, need to be 
implemented to enable the machine-to-machine communication. Suppliers of this technology (e.g. 
Telia) are therefore needed. Moreover, suppliers of large production equipment (which may be 
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interested in the data and help optimize the operation), as well as third parties that supply other 
services to the properties, may also be relevant to include in the collaboration. 
 
What  
The main tasks of a blockchain application that would simplify M2M communication between 
devices in production, distribution and properties, would be:   

● trade of goods and data 
● identity management 
● data storage management 

 
Instead of a many-to-many situation involving humans that do not trust each other, the 
communication would be between machines. An integrated and optimized system would be 
created by connecting the substations with production- and distribution devices with the help of 
IoT. As a result, the machines can communicate with each other and be managed remotely.  
 
How  
Blockchain could be used as a communication protocol, in order to send commands via smart 
contracts. For example, temperature values or fluid velocities could be measured by sensors and 
recorded over the blockchain, and if the outside temperature is over a certain degree or the fluid 
velocity decreases, a smart contract is executed and could be directly paid for by the smart heater. 
The devices could identify themselves via their public key and the information about their 
attributes would be stored at the responding address. The data recorded by the devices could also 
be stored on the blockchain, and the right access policies would need to be implemented to ensure 
that only authorized parties could access the data. 
 
Why  
Value created by this application may be a more transparent system, lower transaction cost and 
easier control of connected devices. In the future, connected devices will be common. It can 
therefore, be beneficial for companies to create good governance systems.  
 
Blockchain is relevant to utilize in combination with IoT due to the fact that the IoT devices are 
easy to hack and thus need to be protected, and because the IoT architecture and the protocols 
need to be secure. In addition, blockchain can provide a backbone for enhanced collaboration 
between M2M, by addressing the issue of trust and identity (which currently are a problem with 
M2M solutions). Blockchain would ensure the authenticity of the sender (the smart meter) and its 
data. With blockchain you can trust the data, create further data collection points and execute 
programs (smart contracts). The increased trust in the distributed system thanks to the blockchain 
solution, it is possible to further automate the system without the risks of lacking data, poor or 
corrupted data, and unreliable execution or interferences by third parties/intermediaries.  
 
When  
A blockchain application that simplifies M2M communication is possible to implement at present 
time considering that the connected substations are in place. However, a system, as described 
above, requires full scale integration of IoT and large investment costs are required. IoT and 
blockchain are both still at an early development stage. If an application like this would be 
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implemented the technologies might need to be more mature to ensure that the outcome will be 
as expected. Furthermore, the substations need to be ready for an integration of the smart 
technology, and the smart meters need to be ready to be connected to the internet and to host a 
blockchain light client (a protocol that allows users in low capacity environments e.g. smartphones, 
browser extensions, notebooks and tablets, to interact on the blockchain).  
  
Potential  
The application has large potential, however, the technology needed is still at a development phase. 
For example, how to process a blockchain on small devices have not been established yet. It is 
also very likely that in the future, standards for IoT communication will be implemented to 
improve connectivity between many different devices in society. However, this does not affect the 
blockchain’s role in the M2M communication application, a blockchain can be built atop of several 
ways of long-range connectivity solutions between devices. Nevertheless, it might be of value to 
hold back on a blockchain project until the standard for long-range connectivity in Sweden seems 
to have emerged. It is also likely that this solution requires more competence than what is available 
in-house in a district heating company, which might be a limiting factor. A good approach can be 
to wait for an IT company to release a service built on top of a blockchain or develop the solution 
in a partnership.  
 
The potential of this application would be to create a system that can make information accessible 
without the need for a human to control it. That way information is not connected to a human 
which potentially could streamline processes since everyone that needs the information has the 
possibility to access it in a fast and secure way. As Modin explained in External blockchain interview 
2, the blockchain can also be used to strengthen a statement. In this application the blockchain 
could store actions that were done by the devices and slowly build up trust between certain devices 
and also show the district heating company that the devices can be trusted. 
 
This application also has the potential to be integrated with other applications. For example, a 
smart meter could directly report malfunction which could be recorded in the database. A 
technician could then either fix the problem remotely or check the status of the substation via an 
online application. In order to trust the information, it needs to be ensured that it is the correct 
smart meter that sends the data which can be done by integrating a blockchain identity system. In 
a future with more AI systems, it will likely be more important to ensure integrity of the data used 
as input. The AI systems could also communicate directly with the substations, providing 
individual and smart heat control.  
 

Ensure confidentiality (no disclosure) and integrity (no modification) of data 
Situational analysis  
Data management is an increasingly important topic and cybersecurity will likely be an important 
area enforced in organizations to an even greater extent in the future. Regulations similar to GDPR 
(General Data Protection Regulation) could be established in the future which would increase the 
requirements for data security. Persson mentioned in External blockchain interview 5, that with 5G 
technology, networks will be more decentralized and hacking and data scams will likely be even 
more common. Ensuring confidentiality (making sure that sensitive information is not disclosed 
to unauthorized parties) and ensuring integrity (guard unauthorized modification or destruction to 
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guarantee non-repudiation and authenticity) is a part of a good cybersecurity. Ensuring 
confidentiality and integrity will also be more important when the number of collaborations 
increase.  
 
What  
This application is part of many other blockchain applications indirectly. Using blockchain 
solutions for IT safety can help an organization handle cyber risks, for example dealing with smart 
meters and how they can store data securely in a blockchain. A solution for better data 
management would involve the whole organization. Cloud computing services and partners (for 
sharing data standards) could also be involved. Eventually blockchain developers could take part, 
not only to develop the solution but to handle the maintenance and integrate existing systems. 
Blockchain could be used to underpin cloud storage systems by creating a system that distributes 
data across multiple servers (nodes). If one server is attacked, the data is still safe. An example of 
a company offering a distributed cloud service, powered by blockchain payments, is Storj (Storj, 
2018). Blockchain can also be used as a “keyless” signature system, by making a timestamp and 
proving the integrity of data. This system could also be used to prove time and integrity of log 
records. Small scale solutions could also be implemented, for example, replacing logins and 
passwords with SSL certificates stored on a blockchain.  
 
Potential 
IT security is an important area for all companies to work with and it will become more important 
for the companies to ensure secure data storage. It is crucial to maintain a high cybersecurity in 
order to avoid district heating systems to become a target of hackers. Sensitive infrastructures, for 
example power grids, have been attacked several times. Ensuring data is correct can also help avoid 
internal production mistakes, by removing the possibility to send false signals to a system. 
Controlling operations using wrong data can be both expensive and dangerous.  
 
It is important to assure that the log is trustworthy when identifying problems and optimizing 
processes. A log could be used to capture user activity, discovering risks and proving that a 
malicious action took place at a certain place in time. For logs to be used as evidence, their integrity 
is essential. Furthermore, looking at the overall IT risks in the company is a good way to prevent 
expensive incidents in the future. Increasing demands on utility companies, with for example the 
NIS directive (a EU-wide legislation on cybersecurity for operators of essential services in action 
from 10th of May 2018 (MSB, 2018)) as a first step, makes cybersecurity an important area. The 
NIS Directives also include cloud computing services and online marketplaces which makes it 
likely that more companies will explore solutions to handle security issues. If a blockchain solution 
would help improve integrity and confidentiality for cloud computing, many companies could 
move their operation to the cloud. Blockchain used as an application for this would thus have large 
potential. Many of the suggested solutions for increasing cybersecurity are still at an early 
development stage and will probably need a couple of years to mature. Furthermore, the 
application is also dependent on the organization being digitized with many data flows to control. 
Nevertheless, exploring a blockchain application could create a foundation for the company to 
develop a better cybersecurity program.  
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Improve AI systems with the help of a blockchain  
Situational analysis  
AI programs are used in for example production, customer services and load control and will be 
increasingly vital in the future. The AI programs could be utilized in combination with a blockchain 
solution.  
 
What 
The AI system would be able to make its own decisions, decisions that would be recorded on the 
blockchain. The blockchain can provide secure data, simplify the understanding process of 
decisions and create marketplaces where AI algorithms can be traded (see section 3.1.3.1 AI and 
Blockchain for more information).  
 
Potential   
This is an important area since district heating companies will be required to handle more and 
more data and a large amount of this data will likely be managed by different AI systems. 
Guaranteeing proof of tamper-free data can be important to be able to trust the decisions made 
by the AI program and to ensure customers that their data is treated correctly. However, the data 
from a district heating network is not of a sensitive nature. Therefore, it is rather a question of 
ensuring good data management in the organization and not whether the AI system needs a 
blockchain as a backbone. Since the decisions made from the AI are not used in a process that is 
heavy regulated (like financial auditing) and few people would receive any value from tampering 
with the data, it is likely that combining AI with blockchain is not necessary from a security 
standpoint. Another area that could be interesting is to buy AI algorithms over an open 
marketplace. However, similar to the other solutions that combine AI and blockchain, it is too 
early to say which potential this solution will have.  

7.1.7 Area 7: Administration & Communication 

 
 

Simplify signing, storing and sharing of documents  
Situational analysis  
The process of signing, storing and sharing documents between several parties are often difficult 
and takes time, regardless if the documents are in paper form or in digital form. There is a risk of 
parties forgetting to sign papers or lose original documents. Furthermore, documents that need to 
be shared may not be shared, or classified documents may be shared to the wrong person. The 
document management processes within district heating could thus likely be improved.  
 
What 
The process of signing, storing and sharing important documents which need to be stored during 
a certain amount of time could be digitized and simplified with the help of a blockchain and digital 
signing. For example, when a document needs to be signed, the person/persons that need to sign 
the document receives a notification and can then sign the document with the help of a digital 
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signature. It does not matter in which order the persons sign the document since the document 
will not be released before all parties that need to sign the document have signed it. For example, 
it does not matter if the project manager needs to approve what is stated on the document before 
a worker signs the document since the process is not carried through before all parties have 
approved and signed the document. When all parties have signed the document, the information 
is recorded on the blockchain, which assures that the information is tamper proof.  
 
The process could involve all types of documents, both internal and external (e.g. contracts, 
confidentiality agreements, recruitment forms, consultant contracts, subcontractor agreements, 
quality measurement documents and contracts with maintenance subcontractors). Since the 
blockchain is shared the involved parties do not need to store the information separately. 
Furthermore, the process could also ensure that documents that need to be released/archived, are 
released/archived. If the document also is stored in paper form and it is important to establish 
that the document is not tampered with, a digital watermark can be utilized. Moreover, an 
application like this may simplify and speed up the process of signing and storing important 
documents since involved parties likely would be notified of changes faster.  
 
A use case that indicates that this is an interesting area, is the Dubai Blockchain Strategy project in 
collaboration with the Smart Dubai Office. The aim of the project is to develop a blockchain 
platform that will increase government efficiency by enabling a paperless digital layer for all city 
transactions (e.g. visa applications, bill payments and license renewals). (Smart Dubai, 2018) 
 
To develop the application further, the application could be extended to involve parts of the 
recruitment process when new employees are recruited. Agreements could be signed over the 
blockchain with digital signatures and the blockchain could potentially store information about the 
applicants (e.g. previous work, references or criminal records). A possible pilot project for a district 
heating company within this area could potentially be performed during the maintenance period 
when several new maintenance workers are employed in collaboration with subcontractors. In the 
future, the whole recruitment process may be carried through on a blockchain. The district heating 
company could publish an application which applicants respond to. The company could select one 
of these persons and send a proposition to the applicant which could choose to agree and then 
digitally sign the contract on the blockchain. If government agencies need to be contacted in some 
way this could also be enabled over the blockchain. The problem, however, with this application 
is that someone needs to validate these transactions. If the district heating company is the only 
actor that can validate, the blockchain technology is not suitable.  
 
Potential   
An application like this would likely solve a real problem and use cases indicate that blockchain 
could be a solution. However, considering that this is not only a problem for the district heating 
industry and the fact that it likely would cost more to implement than what the created value would 
be, this application is not prioritized very high. Furthermore, it is often difficult to motivate 
projects with high investment costs that are performed internally. Focus is often on external 
operations, as companies often reason that making these processes more efficient is more value 
enhancing.  
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Check supplier certificates and handle company certificates 
Situational analysis  
High customer requirements in the future may increase the need for district heating companies to 
ensure that their products and services reach the expectations of the customers. Certifications 
could facilitate this process. Certifications are useful to add credibility, and more certifications will 
likely be issued in the future, especially to show sustainability efforts. Within the district heating 
industry many different certifications will probably be required in the future. Not only 
environmental certifications but also technical certifications (e.g. licenses for equipment). Many 
district heating companies also collaborate with subcontractors that need licenses, and suppliers 
that can be certified according to standard (e.g. Forest Stewardship Council, FSC).  
 
What 
Two possible solutions to manage certificates using the blockchain technology could potentially 
be created. The first solution could be to utilize a “certification body” created by another company. 
One certification body that have started to utilize blockchain to prove authenticity of their 
certifications is DNV GL. When a certificate is issued, the data is digitized and the information is 
sent to their private blockchain and every certificate receives a digital identity. Information about 
the certifications’ validity can be obtained through a QR-code. (Deloitte Blockchain Lab, 2017) 
The second solution could be for a district heating company to develop its own blockchain 
solution utilized to store digital proof of certificates that the district heating company issues. As a 
result, the subcontractors would obtain a proof that they are collaborating with the district heating 
company. The subcontractors could use that evidence to ensure the customers that they have, for 
example, the right to perform work on their property. Moreover, fuel suppliers would benefit from 
receiving certifications from a district heating company since it would enable the fuel suppliers to 
show other district heating companies on the market that they are trustworthy.  
 
Potential   
The first solution would only create value for a district heating company if the certificates from 
the suppliers and subcontractors could be validated in an easy way on a blockchain. Another factor 
that lowers the potential of this application is that the trust for certifications seem to be high in 
the district heating industry. During Internal interview 6, Khan and Ytterberg mentioned that they 
expect certified fuel to be controlled by the actor certifying it. Guaranteeing authenticity of the 
certification was not mentioned during the interview, implying it is not a problem. Nevertheless, 
storing the certificates the district heating company has been certified with on a blockchain, could 
be an easy way for customers to check the validity and thus strengthen the trust for the district 
heating company. The second solution could be used as a part of the procurement collaboration 
of fuel described in the application Create a shared fuel procurement program with other district heating 
companies, since they can store information about the suppliers and subcontractors on the 
blockchain. However, it is also likely that a blockchain solution would not create enough value 
compared to other technologies, since the only actor appending to the blockchain would be the 
district heating company.  
 

Simplify communication between stakeholders  
The communication between stakeholders could be more efficient, for example faster sharing of 
information about the Annual General Meeting or better communication in board meetings. 
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Different applications exist for this area. For example, using blockchain for voting in different 
decisions would enable a secure and anonymous voting process. However, few district heating 
companies have many stockholders they need to relate to. To vote using a blockchain would 
therefore not create that much value since it can be assumed that small boards have trust for each 
other and that the stakeholders do not need to be ensured that the voting was performed correctly. 
Furthermore, other technical solutions (besides blockchain) to simplify the communication 
between stakeholders could likely also be favorable.  
 

Verify the authenticity of digital accounting documents, diminishing the need for physical 
documents 

A new law for municipal accounting regarding transfer and destruction of accounting information 
is assumed to be established in January 2019. The new law would result in similar conditions for 
the municipal companies as the private sector. The new proposition state that if the original 
material is transferred to another media, the original document of the accounting information 
needs to be stored until the fourth year after the end of the calendar year. (PwC, 2018) Blockchain 
could be used to connect the digital file to the physical document, and to ensure that the uploaded 
digital file correspond to the original document. In addition, it may be possible to decrease the 
time that the original document needs to be stored since it can be traced back that no changes 
were done to the digital file. Even though a blockchain solution like this would be favorable, it is 
likely not a district heating company that should develop the blockchain application. It should 
rather be the municipalities themselves or the authorities. To change the regulation and be able to 
store the physical material a shorter time, will be difficult to achieve in the near future. Additionally, 
there are other, existing technologies to connect the digital and physical file that are more efficient.  

7.1.8 Area 8: Finance & Asset management 

 
 

Manage owner shares in facilities 
Situational analysis  
In general, the sharing economy is more common today and will likely be even more popular in 
the future. To build and operate a combined heat and power (CHP) plant is expensive. An interest 
in shared ownership from both the customers and the district heating company may, therefore, 
increase. In External relation interview 3, Tjernström mentioned that Akademiska Hus could be 
interested in shared ownership of a plant and it is reasonable to believe that, that opinion could be 
shared by other large property owners on the market.  
 
What 
A blockchain application with aim to manage owner shares in facilities may be possible to create. 
The application would need to be able to set all the rules, handle the communication, simplify the 
decision process, and ensure that the partners can trust each other. Furthermore, the blockchain 
could be used to share and store information about the current status and ownership of the facility. 
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An example of a blockchain use case within this area is Blocksquare; a plug & play system for 
online real estate platforms (Blocksquare, 2018). The company is building a blockchain-based 
protocol, APIs, and tools, in order for established real estate businesses to offer tokenized 
commercial real estate investment deals to their user base.  
 
Potential   
The potential to utilize blockchain in an application like this is high. However, the interest from 
other actors may be low. Property owners or other big companies that use a lot of district heating 
in their business may be more interested. As a result, the ownership would only be spread out on 
big entities. Few entities would mean that blockchain would not provide much additional benefit 
compared to manual handling. An additional problem is that power plants have a high complexity. 
Therefore, it is likely that the application would be affected by many regulations. The operations 
of the plants would also need to be settled by the owners. A process that may be difficult if the 
owners have different agendas. Handling different agendas between entities will require additional 
work, which will reduce the benefits from shared ownership.  
 

Facilitate investment in the district heating sector  
Investors are interested in investments with stable cash flows and low volatility, which is the case 
for the district heating industry. At the same time, changes in the energy sector and demand for 
more energy efficient solutions will result in more investments which will increase the need for 
financing. A blockchain application that would facilitate investment in the district heating sector 
is, therefore, interesting. Many uses cases exist within the area, for example Nasdaq LINQ or 
REAL. LINQ uses a blockchain to facilitate the issuance, cataloging and recording of transfers of 
shares of privately-held companies (Barzilay, 2017). REAL is a platform which focus on real estate 
investments (Ibid.). Moreover, lending services could be leveraged by blockchain. Some companies 
are currently offering this service, for example Chain. Chain’s service is called Sequence which is a 
cloud-based ledger where it is possible to build a lending platform which tracks how much 
borrowers owe (Sequence, 2018). However, an application like this would likely not be beneficial 
for a district heating company to develop. Instead, the district heating companies could utilize the 
services offered by the market. Furthermore, the use cases are still at an early development phase 
and it is still uncertain if they will be beneficial. Nevertheless, cryptocurrencies and digitized value 
are becoming more common, which indicate that a blockchain application like this may be 
favorable in the future.  
 

Handle the asset management 
To find new ways of handling the assets that a company possesses may result in better control and 
possibility to streamline processes. Examples of assets with information that may benefit from 
being stored on a blockchain are, network pipes, in-house competence, premises, software systems, 
loan-bikes, public transportation cards etcetera. A system with a more effective utilization of 
individual assets - in line with the sharing economy - could be created from the stored information. 
According to EY (2017) blockchain also has a number of potential use cases within the asset 
management life cycle. For example, streamline management of model portfolios or speed the 
clearing and settlement of trades. Existing systems will likely not be replaced by a blockchain 
solution, however, a blockchain solution could possibly be used to reconcile information across 
existing systems or enable new infrastructure for new markets and products. Loyalty and reward 
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programs for customers can also be built on top of blockchains. It can streamline administration 
and allow participating parties to interact. To use new solutions for asset management could be a 
possible development area for district heating companies, depending on how much horizontal 
integration they are considering in the future. However, many aspects of the described scenario 
above are currently not in line with the core business of district heating companies. Even though 
it could also help reduce internal inefficiencies, blockchain is likely not the best technology to 
utilize when only one party is involved.  

7.1.9 Area 9: Ecosystem 

 
 

Simplify collaboration between involved parties in the construction process of new properties 
by creating one unified system for communication, agreements and permit management 

Situational analysis  
The construction process of new buildings is often extensive and involves many different actors. 
The building developers and property owners need to communicate and collaborate with several 
actors. Many regulations should be followed, and several permits need to be approved. One 
decision, among many others, the property owner/developer needs to make is which heat source 
that should be utilized. The district heating companies, however, are often not a part of that 
decision. To calculate the investment needed for the different heat sources can be difficult. When 
the district heating company is not included early in the decision process, the company does not 
have the chance to convince the customer that district heating is the most profitable solution (if 
that is the case) and develop a solution that is suited for this particular project. District heating 
companies would thus benefit from being a part of the construction of new buildings earlier in the 
process in order to help shape decisions that would be beneficial for all involved parties.  
 
Where  
The blockchain technology is not restricted to a certain geographical location or where the 
participants are located. However, for the application to be beneficial for the district heating 
companies, the new properties need to be constructed at a location where an existing district 
heating network is located, or a new district heating network is planned to be developed. The 
application is implemented outside of a district heating company’s value chain and is dependent 
on other actors’ participation. Therefore, it is important that the other participants in the 
blockchain collaboration also feel that a blockchain solution will be profitable. 
 
Who  
A blockchain application like this would involve all needed parties when new properties are 
constructed, that is a district heating company, the property owner, the property developer, 
construction suppliers, subcontractors, Stockholms stad and land owners.  
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What  
Blockchain could simplify collaboration between involved parties in the construction process of 
new properties by creating one unified platform solution for communication, agreements and 
permit management. In the beginning of, and during the construction process of new properties, 
several involved parties need to share a substantial amount of information and a lot of decisions 
should be agreed on, making the administration often difficult to manage. By creating one unified 
system with the help of blockchain, the collaboration between involved parties could be more 
effective, likely making the process of transferring information between entities and taking 
decisions, faster and more transparent. Information, agreements, contracts, signatures and permit 
management, could all be stored on a blockchain.  
 
Blockchain could possibly also be a facilitator in the Building Information Modeling (BIM) 
process. BIM is a process for creating and managing information in a construction project across 
the project’s lifecycle. BIM enables more digital and updated information management between 
different parties involved in the construction. (NBS, 2018) The blockchain could be used as a tool 
for automation and reduction of administrative and/or financial processes. For example, 
blockchain could help reduce intermediaries in the contract processing, thus saving time and 
money. All involved parties could have a cryptocurrency wallet. When a work is ordered, 
performed and later verified, payment could be carried out with the help of a smart contract. The 
completed work and the amount spent could be stored on the blockchain, and the BIM model 
could be updated to create transparency for every involved party. (Ramage, 2018) 
 
Furthermore, blockchain may be appropriate in the area of public infrastructure projects. An 
example of when a blockchain application like this would be beneficial is when property owners 
and developers want to dig down pipes under the ground and thus apply for a permit. The process 
of applying for a permit takes time, and the blockchain may speed up that process with the help 
of smart contracts. The participants could receive autonomous updates to the platform solution 
directly after another participant has done something, for example signed the permit. The lead 
time of knowledge between the participants would then likely be reduced. Moreover, Stockholms 
stad has a lot of information that may concern several parties. Instead of Stockholms stad 
facilitating the participants with the information separately, all participants could receive necessary 
information through the blockchain. Additionally, when all information concerning the 
construction of new properties is collected, Stockholms stad would receive a more substantial 
picture of the situation. Important to take into consideration is that several different actors would 
participate in this blockchain solution. Therefore, all participants need to feel that the solution 
adds value to the existing process and not creates more difficulties.  
 
How  
A good way to start a blockchain collaboration as described above would be to start performing a 
smaller pilot project with a restricted amount of participant to ensure that the project can be 
handled in a beneficial way and that the wanted outcome of the project is reached. An option for 
the district heating company would be to start a pilot project only involving the phase of the project 
concerning the heat source. The blockchain could facilitate a communication platform between 
the property owner/developer and the district heating company with aim to ease the decision when 
the heat source is chosen. If the property owner/developer then choose to connect the property 
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to the district heating network, the communication can continue over the blockchain. Decisions 
and agreements, for example permits for digging down district heating network pipes, could be 
facilitated over the blockchain. 
 
A use case that could be used as inspiration for this blockchain application is the blockchain pilot 
project created by Lantmäteriet (also discussed in External blockchain interview 2 and 3). Kairo Future 
(2017) describes that the application will have the following characteristics:  

1. All involved actors will have a digital file representing the agreement of ownership of the 
real estate, mortgage deeds and the transaction process, stored in a cloud or locally.  

2. The authenticity of the process, the signatures, the file confirming ownership, mortgage 
deeds etc. will be secured with a blockchain, stored by Lantma ̈teriet. However, the 
blockchain will also be stored and validated by other actors making it easy for authorized 
third parties (e.g. banks, buyers, sellers and real estate agents) to verify information. 

3. The records and files that should be public according to Swedish law, will be public and 
those which should be confidential, will stay confidential. 

4. The application includes an ID-identification system which could in the future be 
improved by, for example, photos of physical ID-cards, biometric identification etc.  

 
Why  
Calculating which heat option is the most beneficial is a difficult task and large investment costs 
are involved. In most cases the district heating company is excluded from the process and when 
the decision has been made it is often difficult for the district heating company to influence the 
decision. The district heating company, therefore, would benefit from being a part of the process 
at an earlier stage and help the customers in the choice of heat source. By guiding the property 
owners/developers, the chance of them choosing district heating will likely increase. In addition, 
synergy effects would likely be possible to take advantage of, for example the possibility to share 
high constructions costs (e.g. renting machines and labor costs) during the construction process. 
Furthermore, the blockchain technology could potentially simplify the management of trusted 
information, making it easier for government agencies to access and use critical public-sector data 
while maintaining the security of this information. Over time, blockchain may thus help agencies 
digitize existing records and manage them within a secure infrastructure, allowing agencies to make 
some of these records “smart” (Cheng et.al., 2017).  
 
When  
Blockchain would be utilized to make an existing process more effective. Therefore, only the 
blockchain infrastructure needs to be developed making the technical aspect of this application 
feasible at present time. However, the collaboration between different parties might take longer to 
develop.  
 
Potential 
The potential to improve the collaboration between involved parties in the construction process 
of new properties is probably high and it is likely that blockchain could facilitate the creation of 
one unified system for communication, agreements and permit management. Use cases (e.g. 
Lantmäteriet) indicate that it is an interesting area to develop and that blockchain has a potential 
to be the suitable technology.  
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One difficulty lowering the potential of integrating a whole ecosystem in a blockchain solution is 
that it when an ecosystem is created it is hard to change direction path. In External blockchain 
interview 2, Modin said that it is relatively easy undo a blockchain solution regarding the technical 
aspects but that it can be hard to change processes once they are determined between different 
parties. For example, if the blockchain solution would not be beneficial for the district heating 
company but they have started a project and other organizations have invested in it, it will be 
harder to liquidate the project. Furthermore, the question is also if it is the role of the district 
heating company to develop a blockchain solution like this. It may be more reasonable that an 
application like this should be developed by an authority (e.g. Stockholms stad). If a district heating 
company developed this solution, it is very likely that they could not take a central role and that 
would decrease the value of implementation. Another concern is that it may be too few 
transactions in the process to make a blockchain solution more suitable than other IT systems.  
 

Enable visualization of a property’s heat life cycle (from waste to heat) for the customers, by 
tracing the properties waste and measure how much heat could be generated 

Residents become more and more aware of their impact on the climate. They want to be able to 
choose sustainable solutions. Furthermore, the circular economy has increased in popularity. 
Therefore, customers may be interested to see their heat life cycle; the journey of the heat, from 
the waste they throw out, to the heat that is produced from that waste. A system which visualize 
the amount of heat thrown away from the property, and how much heat that could be generated 
from that waste, may therefore be interesting for the property owners and the residents. As a result, 
an ecosystem is created where the garbage the property is throwing away, returns to the property 
in the form of heat. Information about the waste ecosystem could be shared between the 
participants on a blockchain. However, if enough value would be created from a transparent 
ecosystem solution, is uncertain. The problem with this application is that it may result in the 
opposite effect. If the property generates little heat from their waste, the residents may feel that 
they need to throw more to receive more heat (even though it is good that they have little waste). 
Furthermore, when the life cycle of heat from waste is simplified in such a matter, the residents 
might think that it is only positive aspects when generating heat from their waste and stop recycling 
the waste. In addition, data about the waste is not sensitive data so the value of using blockchain 
to share this data between different parties is not clear.  
 

Enable connection between society infrastructure systems 
In a future where everything is connected at all times, it is plausible that different infrastructure 
systems will be connected to each other. Cities will manage their energy flows, material flows and 
traffic flows by connecting services and utilities to the internet, and sensors will be an essential 
part of these infrastructure systems (World Economic Forum, 2015). All properties could be 
equipped with smart heat control systems provided by the district heating companies. When 
several different infrastructure systems are connected to each other, the district heating companies’ 
sensors, both in properties but also in the distribution networks, could be utilized to measure other 
parameters in addition to heat. For example, sensors connected to a society infrastructure system 
could give reports on traffic flows, floods, fire brigade emergencies, power outage or available 
parking spaces. The sensors could be used to create a communication network and blockchain 
could facilitate sharing of information between different actors and enable cooperation between 
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different systems. For example, authorities within different areas could interact on a blockchain, 
to handle common information. However, it is not clear if blockchain is the most beneficial 
technology to handle a system like this, since large volume of data would need to be shared 
between different infrastructure systems. Moreover, this is a situation that may arise in the future. 
Today however, the needed infrastructure is not in place, making the discussion if blockchain is 
suitable, irrelevant at the moment.  

7.1.10 Area 10: Market structure  

 
 

Facilitate an open marketplace where heat is traded 
Situational analysis  
In the future, the heat and electricity market will likely be more intertwined and referred to as an 
integrated energy market. If that situation arises, the heat market may become more open and 
decentralized due to the fact that the electricity market is an open and decentralized market. 
Furthermore, current changes on the heat market (e.g. discussions regarding TPA, more excess 
heat suppliers connecting to the district heating networks, and higher competition on the market) 
also indicate that the industry is developing towards a more open market. If the heat market would 
become more decentralized with more heat producers, an open marketplace where heat is traded 
may be developed.  
 
Where  
A blockchain application like this would be implemented at the distribution stage of the value 
chain. The application can be introduced to all locations were district heating networks exist, 
however, the participating heat producers, consumers and prosumers need to be connected to the 
same heat system to be able to trade between each other.  
 
Who 
An open marketplace would involve heat producers like district heating companies, excess heat 
suppliers, and maybe local heat storage facilities in the future. Heat consumers would also be a 
part of the system, and in the future maybe also prosumers (a consumer that also produces).  
 
What  
In comparison to the electricity market, the heat market could also be an open market where heat 
is traded between several actors on a spot market. If an open marketplace where heat is traded 
were to be created, blockchain could potentially be utilized for many reasons. The first reason 
would be to store information. Information (e.g. the price, heat supply and demand, and actors 
available for trading) could be stored on the blockchain. The information would be visible for all 
parties, eliminating the need for all individual parties to store the information separately, and the 
information could be updated continuously with the insurance that the information is correct. The 
second reason would be that transactions and agreements could be performed over the blockchain 
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with the help of smart contracts and digital signatures. The third reason would be to facilitate the 
work for a system operator. If a competitive industry with several different district heating 
companies in the same network would become reality, thus creating a more open marketplace, the 
need for a special system operator responsible for the whole system, would arise (described in 
chapter 3.3 Trends that will shape the future). The system operator could either be an actor that owns 
the district heating network, or an independent entity with the only responsibility to regulate the 
system. Either way, the system operator would need to be in control of the entire system operation, 
as well as, act objectively and in the systems best interest. If a district heating company participating 
in the network would take on the role as a system operator, it is important that the other district 
heating companies have complete trust in that district heating company, and blockchain could be 
utilized to ensure that trust by visualizing what the system operator decides and why. Important 
to take into consideration is that a changed marketplace would require new business models. The 
new business models must be able to handle the fact that more actors participate on the market, 
which in return increases the competition and the risk of the district heating companies losing 
market shares.  
 
How  
Blockchain can be used in two ways, either to facilitate an already created open marketplace or as 
a tool to create a more open marketplace. In both scenarios the blockchain technology would be 
utilized in the same way, so it is rather a question about if blockchain will be the trigger that leads 
to the market change or if other factors will lead to a changed market and blockchain then will be 
meaningful to manage the new market structure. The blockchain solution could consist of smart 
contract between involved parties. Smart contracts would enable more flexibility and real-life 
changes could to a greater extent be taken into consideration. Furthermore, the flexibility the smart 
contracts would enable, could shorten the contract time customers need to agree to and price 
mechanisms could control the market to a high degree.  
 
Mannaro et.al. (2017) have developed the “Crypto-Trading” project with aim to develop a 
blockchain-based system integrating smart contracts used to share energy. The solution is a 
modular blockchain-based software platform for extending the features of cryptocurrency 
exchanges to the renewable energy market, consisting of three functional subsystems: the 
prosumer system, the blockchain system and the trading system. (Mannaro et.al., 2017) The 
“Crypto-Trading” project can be used as inspiration to understand how a blockchain application 
could facilitate an open marketplace where heat is traded. Mannaro et.al. (2017) describes that the 
prosumer system consists of the energy sources, smart meters and final users who sell and buy 
energy. Each user owns an energy account (represented by a smart contract) connected to a smart 
meter. The smart meter has the task of measuring the heat production and consumption and 
interrupting the energy availability if the related energy account is empty. Important to take into 
consideration is that the smart meters need to be able to connect to the internet and to host a 
blockchain light client. The blockchain system includes smart contracts that will be able to receive 
messages from the smart meters and from the trading platform. The blockchain makes all historical 
data, including the energy trading operations, publicly available. The energy availability, for each 
prosumer, is recorded in a smart contract and the tradable energy unit is presented by a token. The 
tokens can be sold and bought at any time by the prosumers, but the blockchain ensures that the 
energy tokens cannot be sold more than one time. The currency availability is recorded inside the 
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users’ blockchain accounts. The trading system consists of a web application which allows the 
prosumers to access the robot-advised trading services. The purpose of the system is to read the 
energy production data on the blockchain and send control messages to the smart meters through 
the smart contracts. Personalized solutions, based on the energy price trends and user’s 
preferences, are suggested by the trading services. When a prosumer sells energy, the trading 
system sends a message to the related smart contract, which in turn, sends the equivalent number 
of energy tokens to the buyer’s energy account. With the help of the web-based trading system, 
the prosumers can set up a strategy for the energy trading, aiming to maximize revenues (or 
minimize costs) and control their energy demand and supply. The users can choose to either 
receive personalized suggestions from the system and then set up their own personalized strategy, 
or to enable the system to handle their energy account autonomously after stated requirements. 
(Mannaro et.al., 2017) 
 
Why   
If an open marketplace were to be constructed, the industry would be more competitive. 
Consequently, all doubts about if the district heating price for the customers are competitive 
enough would likely be eliminated, hopefully increasing the customers’ trust for the district heating 
companies. Monopoly structured markets are often associated with risks of stagnation and lack of 
innovation, and the threat of being left behind when other companies evolve. A competitive 
market would ensure the district heating companies that these risks and threats would not occur.  
 
When  
Considering a completely new market structure needs to be developed and a lot more than just the 
blockchain infrastructure needs to be in place for this blockchain application to be feasible, this is 
an application for the future. However, discussions regarding TPA, creation of initiatives to 
strengthen the customers’ market position, and allowing excess heat suppliers to connect to the 
district heating networks, are all indicators that the market requests a more open market.  
 
Potential 
If an open marketplace where heat is traded would be created, blockchain would have the potential 
to facilitate such a market. As Börje mentioned in Internal interview 5, blockchain in district heating 
will be much more beneficial for a many-to-many relationship instead of a one-to-many 
relationship. Blockchain would enable a transparent and trustworthy open marketplace without 
risking the district heating companies strong position on the market.  Moreover, use cases, not the 
least within the electricity sector (e.g. Enerchain), indicate that blockchain is profitable to utilize 
when trading takes place on an open market.  
 
However, as stated by Dalgren in Internal interview 3, a separation of production and distribution 
can reduce incentives to make the system more effective. The separation can also lead to questions 
on who should take the investment for the expensive peak load production, as on the electricity 
market. Furthermore, the current district heating market is far from a scenario like this. If an open 
marketplace would be created it is likely first in five years or more. 
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Manage integration of the heat and electricity system 
In the future, the heat and electricity market will likely be more integrated. For example, in Internal 
interview 3 Dalgren mentioned that he would like the whole energy system to be more focused on 
system-optimization. The electricity market, compared to the heat market, is less centralized with 
several actors that perform transactions between each other. If the heat and electricity market 
would be more (or even completely) integrated, the heat market would to a greater extent have the 
same market structure as the electricity market. When a system is decentralized with several actors 
that perform transactions between each other, blockchain is favorable. Furthermore, investigations 
of how blockchain can be utilized in the electricity industry has started and some use cases have 
been created and tested. Therefore, if a scenario like this would occur, new plausible blockchain 
applications that would be beneficial for the heat industry may arise; applications that previously 
were not interesting in a centralized industry with few actors.  
 
It is hard to predict which blockchain applications that would be essential for the district heating 
market considering a situation like this would occur in the future, and when that time comes both 
the blockchain technology and the district heating industry have most likely evolved. However, 
one possible application could be to enable collaboration in different forms between parties. 
Another possible application may be to facilitate peer-to-peer trading, which the electricity market 
has started to investigate. With a more intertwined market structure, more trading between heat 
producers and electricity producers could take place. For example, it may be more common for 
electricity producers to produce heat and store the heat in power-to-heat storage facilities, which 
could then be bought by both heat producers and heat consumers. An open spot market would 
then be created and blockchain could facilitate the trading. It is possible that traditional electricity 
and heat producers will not have the same role in the future and therefore more innovative 
collaboration forms will be needed to manage cooperation with new partners. Difficult with this 
area is that a combined heat and electricity market where the two industries are completely 
intertwined does not exist today. Currently, the two systems are to some extent connected but not 
to the extent that their market structures are affected. Therefore, the heat market structure would 
need to change before possible blockchain applications are investigated. 

7.2 Second prioritization of applications with high potential  
The seven applications that have been assigned with green prioritization are prioritized a second 
time with the help of step two in our created framework (see appendix 11.3 Prioritization of the “green 
applications”) and performed workshops with Stockholm Exergi, to be able to give a 
recommendation to a district heating company which blockchain application we believe have the 
most potential to be successful if implemented in the organization. The result of the second 
prioritization is summarized in the graphs below. Figure 21 presents the result after the 
prioritization without considering how suitable blockchain is to solve the problem, and Figure 22 
presents the prioritization of the applications including a rating of how suitable blockchain is to 
solve the problem.  
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Figure 21 Prioritization of “green” applications without rating of how suitable blockchain is to solve the problem. 

 
Figure 22 Prioritization of “green” applications with rating of how suitable blockchain is to solve the problem. 

The result indicates that the most favorable blockchain application for a district heating company 
(considering the delimitations in chapter 1 Introduction), both when the blockchain rating is included 
and excluded, is “Ensure quality of the metering and maintenance tasks”. The second most 
favorable blockchain application, both including and excluding a blockchain rating, is “Create a 
common heat production system between district heating companies with aim to optimize the 
district heating network”. The results from the two graphs indicate that these two applications 
both involve areas that would likely be beneficial for a district heating company to improve and 
are applications that would likely be suitable for blockchain.   
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8 Discussion  
In the following chapter, a discussion about blockchain and the thesis is performed, and future research are presented. 
The discussion aims to give the reader further insights into the area of blockchain and district heating. Discussed are 
things that might be hard to read in existing literature but can be good to have in mind if a district heating company 
is evaluating the blockchain technology. The chapter is finalized with a discussion of parameters affecting the study 
and further research.  

8.1 Discussion about blockchain  
In the following chapter, a broad discussion about blockchain is presented from our own point of 
view based on knowledge acquired during the study. The discussion concerns if it is the right time 
to invest in blockchain, what organizations need to consider when investigating and implementing 
blockchain, and parameters that affect and are affected by blockchain. Furthermore, the discussion 
includes general findings regarding our blockchain applications.  

8.1.1 Invest in blockchain  
An organization may be unsure of if a blockchain investigation will result in any value for the 
organization. However, important to remember is that the search for favorable areas to use 
blockchain does not need to be in vain if no possible blockchain applications are identified. The 
search will most likely lead to identified areas that need to be improved (both within the 
organization and the industry) or areas that the organization should focus on, which also can be 
valuable for the company. Moreover, the search will result in the company obtaining a glimpse of 
what the future might hold. This may help in determining what areas of competence to develop 
or what partners to start working with.  
 
The dilemma many companies are faced with today is if they should invest in blockchain today or 
wait and see how the technology evolves. There is both advantages and disadvantages with being 
a first mover. It is a risk to invest in blockchain when the technology still is immature, on the other 
hand, if the company waits and sees the risk is that competitors develop solutions within the area, 
making the company to far behind the competition when they realize that blockchain is beneficial. 
In many aspects, Stockholm and Sweden is at the forefront of district heating and thus have the 
chance to develop new innovative solutions, to affect the development of the market in a certain 
direction and to lead the way for other district heating companies. At the same time, due to the 
fact that no previous studies concerning how the district heating sector can benefit from 
blockchain has been performed and the fact that many of today's blockchain projects were first 
initialized one or two years ago, the district heating companies can probably wait a 1-2 year to see 
how blockchain will evolve (especially within the electricity industry) before they make a move.  

8.1.2 Three questions every company needs to ask  
The most important question a company needs to ask when a potential blockchain application has 
been developed and the company investigates if an implementation of the application would be 
beneficial, is “Will it create value?”. In the case for blockchain, this is especially important to consider 
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since it is an immature technology and many blockchain use cases are still at an early development 
phase with no proof that expected value is really obtained.  
 
The question if value will be created is strongly linked to the other question companies need to 
discuss before a blockchain implementation, that is “Why should blockchain be used?”. The 
organization needs to state what a blockchain application should provide for the organization and 
what value should be created. If blockchain does not satisfy those conditions, it is likely that it will 
be more beneficial to utilize existing proven solutions. The organization needs to discuss if the 
created value will be higher if blockchain is used. Many of the problems the applications created 
in this research thesis are trying to solve, could probably be solved with other solutions as well. 
We believe the focus should be on what blockchain can do better than other technologies, rather 
than what blockchain can do. Blockchain is far from the only or the best solution in many 
situations. Nevertheless, there can be many reasons to why a problem has not yet been solved (e.g. 
regulations, no demand, economic restrictions, etc.) and these reasons may not be solved just 
because blockchain is introduced. 
 
This leads to the third question a company needs to consider, that is “What problem will blockchain 
solve?”. Currently, many companies implement blockchain mainly due to the fact that it is a popular 
technology and some companies have received increased brand value and high financial support 
for their blockchain projects. Furthermore, many organizations want to investigate how the 
technology will affect their operations to be prepared for possible changes. Moreover, because it 
is difficult to predict if blockchain will have any impact, how big that impact will be, and when it 
will happen, companies prepare for any possible changes to prevent the risk of being left behind. 
However, a blockchain implementation may be expensive, in terms of both time and money, if the 
application does not solve a real business problem.  

8.1.3 Find blockchain applications  
Two approaches can be adopted when blockchain applications are searched for. One approach is 
for the organization to identify existing organizational problems and evaluate if blockchain would 
solve these problems. The other approach is for the organization to identify how blockchain could 
be implemented in the organization and then evaluate if the implementation would solve any 
problems. Disagreements of which approach that is most beneficial exist. However, the 
organization does not need to strictly follow one of the approaches, a mix of the two can be 
chosen, which has been the case for this thesis study. Important to remember however, is that 
identified problems can vary greatly in character. For example, in one organization the problem 
can be to improve the quality of the product, while another company need to improve customer 
satisfaction, while a third organization need to be more technology innovative and thus want to 
implement blockchain just to state that they use innovative technologies. Furthermore, considering 
blockchain is a technology under development which likely will be more common in the future, it 
is essential for the organization to consider which value proposition the company should offer the 
customers in the future, to ensure that the strategic decisions regarding blockchain are aligned with 
the company’s future market strategy.    



 
 

 131 

8.1.4 Important factors to consider  
In our search for blockchain applications we realized that many solutions also require 
implementation of other technologies, policies or regulations, or new infrastructure systems, in 
addition to blockchain, to be beneficial. For some applications, other parameters are added to 
improve the blockchain solution, however, in most applications other parameters are essential to 
create the foundation for blockchain to be implemented on. In situations where other parameters 
are needed, the organization needs to analyze which value would be derived from the other 
parameters and which value would be created from blockchain, in order to evaluate if the added 
value is enough to cover the investment costs of implementing blockchain.  
 
The organization needs to take into consideration that if other factors affecting the blockchain 
application change in some way, the value from the application will probably change. Which 
factors that may affect the application, if these factors will change, and if so, how they will influence 
the application, therefore, need to be evaluated. For example, unexpected political decisions can 
enforce completely new solutions to be beneficial. Furthermore, if the blockchain application will 
be developed in the future, the organization need to take into consideration how the influential 
factors then have evolved. To account for this, a plausible future scenario has been developed in 
this thesis (see chapter 5 Future scenario). The district heating industry is geographically constrained, 
and this thesis is limited to the district heating market in Stockholm. Thus, district heating 
companies with network outside of Stockholm, need to have this in mind while evaluating the 
applications dependent on the market structure.  
 
In this thesis study we have chosen not to discuss the costs of implementing blockchain and if any 
of the applications would create any revenue streams or reduce any costs. The decision has been 
made due to the fact that it is very difficult to estimate what the costs of a blockchain project 
would be since the costs are highly related to how the project is performed, when it is performed, 
how many parties that are involved and who they are, if the organization chooses to develop its 
own blockchain or outsource the technology development, and so on. Furthermore, it is even 
more uncertain if a blockchain project would create any revenue streams or reduce any costs, and 
if so, if they would cover the expenses of the implementation. The majority of the blockchain use 
cases (excluding the finance industry) are to a high degree still at an immature pilot phase, and thus 
have not declared the profitability of the projects. Therefore, the word “profitable” has deliberately 
been excluded in the thesis’ analysis and discussions.  
 
Due to this financial uncertainty it is important that projects that are initialized today create other 
values besides monetary value. A way to obtain a better understanding of the potential profitability 
of a blockchain application can be to perform a pilot project. A pilot project is also favorable in 
order to create a better understanding of how blockchain can be utilized and what is required of 
involved parties at an implementation. Blockchain projects commonly include several partners. As 
a result, a good collaboration is essential to obtain a valuable blockchain application. The 
application thus need to create favorable value for all involved parties. Moreover, it is important 
that the participants of the blockchain collaboration clearly declare the assorted roles in the project, 
including which actor should have the foremost responsibility and how the investment cost should 
be divided between the actors, to avoid unnecessary disputes. In addition, the value of data is 
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enhanced in blockchain ecosystems, thus it will be important with good data management. District 
heating companies may need more digital competence in the organization to understand the 
blockchain solutions and take advantage of initiatives arising on the market. 

8.1.5  The blockchain technology  
During the thesis, some discussions regarding the blockchain technology have arisen. The first is 
that it is, in general, very hard to connect digital to physical value. The safest alternative of a 
blockchain solution is to have a token that never leaves the system. There is no way to ensure that 
the data entered in the blockchain is correct and poor data input will give poor data output. This 
also means that many of the theoretical possibilities with blockchain are hard to achieve while 
interconnecting physical and digital value. Furthermore, existing regulations may require that 
blockchain solutions need to be performed in a certain way and legacy structures could complicate 
the blockchain implementation. In Sweden, the trust for governments and different organizations 
is fairly high. Many blockchain applications and use cases performed in other countries, therefore, 
are not relevant in Sweden. Consequently, it is important for organizations in Sweden to evaluate 
whether an optimized blockchain solution has lower transaction costs in a one-to-many situation 
compared to an optimized internal IT system.  
 
A reflection about different blockchain solutions is that it is hard to find an actor that is not trying 
to sell its own solution. As a result, it may be difficult to evaluate different solutions and understand 
the blockchain owner’s purpose of the application; if the application is developed in a biased way. 
Another difficulty excluded in many discussions regarding blockchain is how to handle the 
technical interoperability when creating blockchain ecosystems. All existing systems in different 
organizations need to be interoperable since not all systems will and can be changed at once. 
Moreover, it is important with standardization between different blockchain solutions. Standards 
for different sectors will probably be developed in a couple of years; either one dominant 
blockchain platform or standards for how applications are supposed to be performed. As with 
most new technologies, it is possible to implement blockchain and use it is a shadow ledger and 
replace the old systems first when the blockchain has proven its enduring value. What an 
organization should keep in mind is that even if the use case seems favorable, it is crucial to have 
the right design of the platform. The technical solution will be important in order to win over the 
majority of customers.  

8.2 Discussion about the thesis 
The results obtained in this research are highly affected by the literature examined and the 
interviews performed. Therefore, the results would most likely vary if the study was performed 
again or by other people. New findings, use cases and articles about blockchain are constantly 
published which may lead to new areas where blockchain is applicable. Furthermore, due to the 
time constraint of this thesis we have not been able to examine all information available about 
areas were blockchain is utilized, nor all blockchain use cases on the market. We have investigated, 
what we have considered to be, the most relevant information for this thesis. We as authors have, 
therefore, also affected the result of the study. Other people performing this study may thus lead 
to other conclusions.  
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The research design was chosen to fulfill the purpose of the thesis and answer the research 
questions. Another research design would probably result in other findings, however, due to the 
fact that we consider our chosen design to be the most relevant approach for this thesis, we will 
not analyze it any further.  
 
The outcome from the interviews are strongly affected by who we interviewed. A change in the 
number of interviewees or the knowledge area the interviewees had would thus likely affect the 
result. Furthermore, recent events have an effect on people’s thoughts. For example, considering 
that blockchain is currently a popular technology often covered by the media, that may have 
influenced the respondents’ answers. In addition, as interviewers, we may have influenced the 
direction of the interviews and what answers were given. In order to prevent this, the manuscripts 
created before the interviews were carefully examined to avoid leading questions. However, since 
follow-up questions and open questions during the interview arose we cannot guarantee the 
avoidance of them. The fact that we are working in collaboration with KTH and Stockholm Exergi 
can also affect the answers given. The true effect of this is hard to evaluate but we keep in mind 
that it could potentially affect the results in some way.  
 
Imperative to have in mind when reading our report is that our thesis should be viewed as a pre-
study with aim to understand if blockchain can be utilized in the district heating sector in some 
way. The report should thus be used as a guidance for how district heating companies should relate 
to the area of blockchain. If a district heating company would like to implement one of the 
blockchain applications created in this study, the results from the study need to be further 
developed to ensure a suitable implementation.  

8.3 Future research  
We do not claim to have fully explored the opportunities that blockchain provide in district 
heating. There are many more areas that could be explored. Future research studies could for 
example focus on other geographical locations than Stockholm, since it would be interesting to 
see if the value provided by blockchain would be different with other market conditions in place. 
Furthermore, a more technical investigation about the blockchain applications would be possible 
to perform with aim to develop a technical solution. In a study with this character, it would be 
interesting to start a pilot project in order to test the technology. 
 
This thesis study has not focused on the financial aspects of the blockchain applications, due to 
the current uncertainties around the profitability of blockchain. However, this area would be 
interesting to evaluate when the blockchain technology is more mature. Different types of 
investment strategies for blockchain projects could then be investigated. Moreover, it would be 
interesting to connect this area to cryptocurrencies and explore if local organization currencies will 
exist in the future.  
 
Lastly, an area that could be further studied is blockchain in combination with other technologies, 
not only with AI and IoT as shortly described in this report but also with Data Analytics, Digital 
twins, and Cognitive services.   
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9  Conclusion 
In the following chapter the conclusions and key findings from the thesis are presented.  
 
The purpose of this thesis study was to answer the following main research question:  
 
RQ. What applications can blockchain provide for a district heating company today and 
in the future?  
 

The combined findings from the literature study and the empirical study resulted in 32 blockchain 
applications in total. All applications were prioritized after their potential to solve a problem for a 
district heating company and how beneficial blockchain is for the solution. Seven out of the 32 
blockchain applications were identified as high priority applications, indicating that they may be 
beneficial for a district heating company and thus are valuable to investigate further. The seven 
blockchain applications identified as high potential applications are:  

● Trace the origin of the fuel and track the fuel along the supply chain 
● Create a shared fuel procurement program with other district heating companies 
● Create a common heat production system between district heating companies with aim 

to optimize the district heating network 
● Ensure quality of the metering and maintenance tasks 
● Simplify collaboration between involved parties in the construction process of new 

properties by creating one unified system for communication, agreements and permit 
management 

● Simplify machine-to-machine (M2M) communication between the production, 
distribution and customers 

● Facilitate an open marketplace where heat is traded 
 
To facilitate the work of answering the main research question four sub-questions were developed.  
 
SubRQ1. Where in a district heating organization can blockchain be implemented?  
 

To be able to find where in the organization of a district heating company blockchain would have 
the potential to be implemented, the whole supply chain of a district heating company was 
examined. The 32 developed blockchain applications were categorized in 10 identified areas that 
will likely benefit from implementing blockchain:  

● Procurement & Suppliers 
● Production & Sustainability 
● Distribution & Properties  
● Excess heat suppliers  
● Customer relations 
● Data Storage & IT security 
● Administration & Communication 
● Finance & Asset management 
● Ecosystem 
● Market structure  
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SubRQ2. Which criteria need to be satisfied to implement blockchain in a successful way? 
 

For blockchain to beneficial in an organization there must be a need for a shared database where 
interacted transactions take place between multiple parties without an intermediary, to increase 
trust. Furthermore, areas identified as important for a district heating company to improve when 
implementing blockchain are, to increase customer satisfaction and customer orientation, reduce 
costs, develop a more efficient production, improve company collaborations and to obtain a more 
sustainable organization by developing climate efficient solutions. When the blockchain 
applications have been developed, extra attention has been given to the above stated parameters.  
 
SubRQ3. Which blockchain applications have the most potential?  
 

The seven identified blockchain applications that are considered to be of special interest for a 
district heating company were developed further and prioritized a second time with the help of 
the framework developed in this thesis. As a result, the seven applications received a total weighted 
score based on the value the application would create for a district heating company and how 
suitable blockchain would be to solve the problem. The two applications receiving the highest total 
score was “Ensure quality of the metering and maintenance tasks” and “Create a common heat 
production system between district heating companies with aim to optimize the district heating 
network”. These two applications, out of the 32 applications identified, are the ones we identify to 
have the highest potential to be beneficial for a district heating company if implemented in the 
organization.  
 
SubRQ4. How will future changes in the district heating sector change the structure of the 
district heating market? 
 

A conclusion from our work to find and develop blockchain applications for a district heating 
company is that some of the applications are not beneficial to further elaborate today but may be 
so in the future. The future is difficult to predict, however, by identifying trends and changes that 
most likely will affect the district heating industry a plausible future scenario can be established, 
which has been done in this report. Key findings we have identified to affect the future of district 
heating are:  

● Sustainability will be present at all levels of the society and district heating companies work 
to sustain a sustainable society will be important. 

● Collaborations in different forms will be important to take advantage of synergy effects. 
● Technology will facilitate every need in people’s daily life and people will be connected at 

all times. 
● IT security and personal integrity will be of high concern for both companies and 

customers. 
● The customers market position will be strong, and customers will be well aware of their 

needs and demands, making customer satisfaction a high priority for the district heating. 
● The heat and electricity market will be intertwined and referred to as one unified energy 

system. Therefore, the district heating market will be less centralized with more producers 
available on the market. 
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● Smart properties will be connected to other society infrastructure systems and energy 
efficient solutions in the properties will be a requirement to meet sustainability goals- 

● The strong customer position on the market and an increase in heat producers in the 
district heating industry will create high competition on the market. As a result, innovative 
business strategies will be essential for the district heating companies to assure continued 
position on the market.  

 
To conclude, blockchain is a highly interesting area in constant change. Blockchain as a technology 
has existed on the market since 2009, however, blockchain as a phenomenon integrated in 
industries’ daily operations have not existed for a long time. The uncertainties around blockchain 
and what the benefits of including the technology in the organization are, are still uncertain. 
However, more and more use cases are developed, and companies developed to relieve 
organizations in their blockchain implementation processes are today common. How far the 
different industries have come in the investigation of how blockchain can be utilized, varies. For 
the district heating industry, the investigation has just started. Before this thesis study no previous 
studies have been performed within the area. Nevertheless, more studies will likely be performed 
in the years to come. Further studies within the area are needed to establish any certain results of 
how the district heating market can profit from the blockchain technology. Due to the still 
uncertain outcome of a blockchain project and the fact that the district heating industry just has 
started to investigate blockchain, our recommendation for the district heating companies in 
Sweden is to wait one to two years before blockchain is implemented in the organization to see 
how the technology will develop, not the least within the electricity industry. If the district heating 
companies are interested to start a blockchain implementation, we recommend that the company 
does so to learn more about blockchain as a technology and what value the technology could create 
for the organization. We recommend that the organization start with a small blockchain 
collaboration, preferably a pilot project, with potential to be scaled. At the same time, we stress 
that the organization need to be well aware that assumed created value may not be reached. In 
conclusion, regardless if a district heating company chooses to wait and see how blockchain will 
evolve or the organization starts to plan for a blockchain project today, blockchain will likely be a 
part of the future society. District heating companies thus need to stay updated on the trends and 
changes of the area.  
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11  Appendix 
In the following chapter the implementation approach of blockchain and blockchain initiatives and protocols are 
presented. Furthermore, the prioritization of the seven “green applications” are presented.  

11.1  Implementation approach 
When implementing the blockchain technology, several different approaches can be utilized. In 
Table 8 the different implementation options currently available on the market, are summarized.   

Table 8 Summary of the main blockchain implementation options (Mougayar, 2016; Blockchain Hub, 2017; Harrison, 
2018). 

Approach How Why Examples 

IT services/ 
Blockchain as a 
Service (BaaS) 

Outsource the 
construction 

No problem of configuring 
and setting up the 

blockchain 

Microsoft, IBM, 
Accenture, 

Deloitte, PwC 
and EY 

Blockchain first 
Work directly with 

the blockchain’s tools 
and services 

Assemble its own solution 
Innovative (still uncertain 

option) 
Fast time-to-value 

Existing governance 

Bitcoin, 
Ethereum 

Development 
platforms 

Tools for IT 
professionals 

No preferences for a 
blockchain 

Creates blockchain 
programmability 

Applications back into a 
blockchain infrastructure 

BlockApps, 
Blockstream, 

Eris, EthCore, 
Hyperledger, 
Tendermint 

Vertical solutions 
Private blockchain 
infrastructures that 
are industry specific 

Disagreement if they are 
blockchains or just 
distributed ledgers 

Axoni, Chain, 
Clearmatics, 

DAH, itBit, R3 

Special APIs & 
Overlays 

DIY building blocks 
Blockchain is used as 
an asset, ownership 
or identity-binding 

infrastructure 

Focus on services that use 
the built-in trust-based 

component 

Blockstack, 
Factom, Open 
Assets, Tierion 

 
It is also important to evaluate the parties that are needed in the operation of the blockchain. Some 
common participants are (Gupta, 2017):  

● Blockchain user: Multiple users that conduct transactions with low awareness of 
blockchain technology 

● Regulator: Oversee transactions 
● Blockchain developer: Create applications and smart contracts 
● Blockchain network operator: A participant from every business in the network, that has 

the authority to define, create, manage and monitor the blockchain network 
● Traditional processing platforms: Computer system for augmenting processing that might 

need to initiate requests into the blockchain. 
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● Traditional data sources: Existing data systems that could influence smart contracts or 
define how communication/data transfer will occur 

● Certificate authority: Manages certificates on a permissioned blockchain 

11.2  Initiatives and protocols 
Energy Web Foundation (EWF): EWF is a non-profit organization co-created by the Rocky 
Mountain Institute and Grid Singularity. Affiliates include for example EoN, innogy, Shell, 
Electron and Swytch. The goal is accelerating blockchain technology across the energy sector. 
EWF is trying to solve one of the biggest challenges with blockchain, inconsistent standards and 
no coordinated rules by educating regulators, standards bodies and other stakeholders. They have 
also developed an open source technology infrastructure, a blockchain for the energy sector known 
as Tobalaba, that was launched in November 2017. (Energy Web Foundation, 2018) 
 
Ethereum: An open source distributed blockchain computing protocol that features smart 
contract functionality (Nielson, 2018). Permissionless, enables construction of smart contracts by 
allowing for scripting language to exist on top of the blockchain (World Bank Group, 2017) The 
Ethereum cryptocurrency is called an ether, often referred to as gas. (Nielson, 2018) Is supported 
by Ethereum Enterprise Alliance with over 150 members (Toll, 2017) who works in an effort to 
deliver protocols and standards on the Ethereum blockchain for decentralized applications and 
interoperable across industries (Tapscott & Tapscott, 2017).  
 
Hyperledger: Open source platform hosted by the Linux Foundation. Created in an effort to 
advance cross-industry blockchain technologies and to be a business blockchain umbrella (The 
Linux Foundation, 2018). Offers a range of different blockchains for different uses. The project 
also includes making collaborative efforts for creating standards and protocols. (Nielson, 2018)  
 
Corda: Permissioned blockchain, developed by R3, a consortium of over 70 financial institutions 
(World Bank Group, 2017). It is the biggest commercial consortium among banks and insurers 
(Mearian, 2017), used for recording, supervising and synchronizing financial agreements between 
financial institutions. Is today an open source distributed ledger (Nielson, 2018).   
  
Bitcoin: The first and largest public permissionless blockchain (World Bank Group, 2017). A 
protocol that defines the rule for the virtual Bitcoin currency called bitcoins. Uses the consensus 
mechanism Proof-of-Work. (Nielson, 2018)  
 
Ripple: The Ripple Transaction Protocol (RTXP) was issued in 2012 and is focused on offering 
cross-border and inter-banks payments (World Bank Group, 2017). It is a public permissioned 
blockchain, with an open source protocol and tokens termed as XRP (ripples) (Nielson, 2018).  
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11.3  Prioritization of the “green applications” 

 
Figure 23 Prioritization of the “green applications”, step 1. 
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Figure 24 Prioritization of the “green applications”, step 2. 
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