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ABSTRACT

This research paper represents an investigation of blockchain applicability in the

Swedish energy market. The paper also attempts to explore the numerous claims and

benefits surrounding this technology. Overall, the blockchain platform presents an

innovative opportunity for energy to be bought and sold on the market in a new way that

is providing consumers with greater efficiency and control over their energy sources.

The platform is also set to integrate different types of data such as energy prices, usage,

marginal costs, legal compliances etc., with the purpose of providing a better service

than the platforms that exist today. To investigate these claims, firstly, the blockchain

technology, its purpose, and function is explained. Secondly, the paper explores

relationship and application in the energy market. Existing literature has been examined

in order to provide a foundation when it comes to technological application. Lastly, the

Swedish energy market has been considered and if the technology would make a

difference. The interviews with experts have been conducted to get an inside look into

the actual reality of this technology. Overall, the experts did not have a strong word to

give about the possible application of the technology in the Swedish energy market. The

technology does have potential but it is simply in too early stages of development and

the obstacles are more significant than the previously promised benefits.

Keywords: Blockchain, Technology, Swedish, Energy, Market
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CHAPTER 1. INTRODUCTION

The energy transition is a worldwide phenomenon that is accumulating more and more public,

institutional, business, and governmental attention with each passing year (Sovacool, 2016).

The rise of renewables, national initiatives, new laws, alterations in the financial system,

funding, technological efficiency, and innovations, among others, are all ever-increasing

trends set to assist in this energy transition (Sovacool, 2016). This report aims to explore how

blockchain technology fits into this picture and what it can do for the transition. More

specifically how does the Swedish energy market relate to the development and integration of

this technology? However, apart from professionals in the fields of interest, the purpose, and

potential of blockchain technology remain largely unrecognized in the eyes of the public and

academia due to its novelty (Sovacool, 2016). For that reason, a section of this report will be

devoted to exploring the nature and dynamics, and popularity of this technology.

According to google trends (Google Trends, 2021), the term blockchain is becoming an

increasingly popular term that mimics the trend of cryptocurrencies. From a research point of

view, the number of publications related to potential blockchain applications has more than

quadrupled in just one and a half years. Until 2016 there were 40 publications noted however

as of 2018 the number of publications reached 200 (Casino, Dasaklis, and Patsakis, 2019)

which complies with the public popularity trend previously mentioned. For the most part,

blockchain remains a buzzword in the eyes of the general public that gets thrown around,

however, in most cases, it is agreed that it represents change and something different due to

its practical application of cryptography at scale (Leible et al., 2019). Each new technology

comes with its pros, cons, and perks, and in order to understand its implications in the energy

sector, we need to understand its purpose. This includes what is different about it, what are its

potential benefits and what are the obstacles that this technology has to overcome to become

integrated into the mainstream and part of the status quo, and if that is where the technology

is headed. Therefore the part of the aim is to explore and provide simple explanations on this

subject as well as link the benefits to the energy transition implications.
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A significant leverage point for this technology comes in the form of an ever-increasing world

trend and that is that the worldwide energy trend market is being more and more digitized

(IEA, 2017). This is increasing the demand for innovation and application of new digital

devices and platforms which presents perfect conditions for the development and integration

of blockchain technology.

Blockchain technology is defined as a unique platform for energy exchange that aims to

influence the existing energy infrastructure while providing better and more cost efficient

services than the existing retailers and benefiting utility providers. (Andoni et al., 2019). Due

to its complexity, an in-depth explanation of the technology will be provided in the second

chapter of the report. In short, this technology is based on Public Ledger which means that the

collected data does not have a single storage point (Iredale, 2021). Today we use and rely on

banks, retailers and other trusted intermediaries to provide us with valid and reliable

information. In this system, there is no way to understand what is happening behind closed

doors and we simply have to take the word as it is and get charged however much these

intermediaries charge us. The information and the service provided by these intermediates

also come at a cost that can sometimes be significant (Iredale, 2021). Public Ledger means

that the information is distributed across the network, each computer in the network contains

the exact copy of a document. In order for a transaction to be verified, confirmed, and

processed it has to be verified across the network. This is an automatic process that uses

cryptography which makes this system tamper-proof (Iredale, 2021). Simply put, what

blockchain provides is an efficient, transparent, and reliable platform for transactions to be

tracked and verified. In terms of energy, the customer can safely and immediately verify the

origin of the electricity source.

The existing newly published research opens up the doors to the vast applications of

blockchain technology in multiple sectors across multitudes of industries including the energy

industry. However, the problem is that the existing research does not provide any information

when it comes to blockchain applications in the Swedish energy market. Every country, every
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region, and even cities have a unique energy market blueprint that requires specific analysis

and has different requirements as well as susceptibility to the application of different policies

and technologies including the blockchain (Wu and Tran, 2018).

In terms of the Swedish energy market, we can observe that Sweden is one of the leading

countries in the world when it comes to renewable energy supply (Kretchmer, 2020). To be

exact 54% of the Swedish energy supply comes from renewables additionally this is expected

to increase due to the national goal to be 100% renewable by 2040 (Kretchmer, 2020). In

parallel Swedish energy market is experiencing a particularly large increase where the general

public is taking it upon themselves to integrate renewable energy sources into their homes

(Ding, 2021) they are also known as pro-consumers. However, this type of trend is creating a

variety of different problems for the grid which include unpredictability, price fluctuations,

grid capacity among others (Ding, 2021). In order to meet the customer’s expectations in

relation to supply, price, and function new smart solutions will be required. Blockchain stands

as one of the potential solutions that can contribute to this cause and this study will explore to

what extent this is so (Ding, 2021).

Lastly, the report will explore the standpoint of existing Swedish blockchain developers as

well as several energy companies related to the field of blockchain integration including its

potential.

1.1. Research question
As mentioned, the goal of this research is to discover the existing layout of blockchain

applications in the Swedish energy market. However, due to the niched market, the report will

also go into the basics of blockchain technology as well as its application in the energy

market in general so that the author and the reader can gain a better grasp of what it actually

means to implement this technology in the energy sector. The paper will also discuss the

benefits and challenges of this technology.
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Where does the Swedish energy market stand in relation to blockchain technology?

Do they have intentions to integrate technology?

CHAPTER 2. Background

2.1. Theoretical foundation
The purpose of theoretical analysis or literature review is twofold.

1. It provides an overview, function, and purpose of the technology including the overall

benefits

2. How does it relate to the energy sector and what its potential application

In its very origin, the purpose of blockchain technology was to solve the problem of digital

falsification of documents. In 1991 Stuart Haber and w. Scott Stornetta, two computer

scientists came up with a computationally practical solution for time-stamping digital

documents so that they can not be tampered with (Gupta, 2017). Cryptography was used as a

method and the data or documents were stored in the chain of blocks. Additionally, a method

known as "Merkle Tree" became a part of the system allowing for several documents to be

collected into one block which improved the efficiency of the technology (Gupta, 2017). For

various reasons, the technology went unused for more than a decade until cryptographic

activist, Hal Finney, introduced the system called RPoW which stands for Reusable Proof of

Work. This system works by using the blockchain data to create a non-fungible proof of work

token that can be transferred from person to person (Andoni et al., 2019). Before the RPoW

system, there existed a so-called double-spending problem. This problem interfered with the

practicality of the technology because the same unit of value, e.g. money, could have been

transferred multiple times to different people before the transaction is sealed in the

blockchain. RPoW solved the double-spending problem by keeping the ownership of tokens

registered on a trusted server that allows users around the world to verify the transaction’s

correctness and integrity (Andoni et al., 2019).
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The reason why users around the world can verify the transaction correctness is that

blockchain has very unique properties that separate it from other technologies and make it

unique. One key property is known as "Public Ledger" (Andoni et al., 2019). The public

ledger stands as a non-centralized database where confirmed transactions are recorded. In the

current system, there are centralized databases, such as banks, that keep track of all the

transactions, they are also known as trusted intermediaries or private ledgers and only they

have access to the transactions database. These private ledgers come with additional costs that

participants have to consider. Having a public ledger removes the need for a trusted

intermediary between transactions (Andoni et al., 2019).

In other words, the technology removes the need for a middle man and with that, the

associated costs are also removed. In other words, this technology allows for every client in

the network to reach an agreement without having to trust each other because transactions are

publicly recorded (Tanwar et al., 2020). This has an enormous amount of business and

company applications with the potential to influence the very foundation of code of conduct

creating new norms, new practices, and a new paradigm of business as usual. The reason for

this is that much of the existing business framework relies on centralized architectures or

trusted third parties to verify tasks, transactions, proof of ownership of items, assets, and

proof of identity (Tanwar et al., 2020). The smart tagging system, which is an intrinsic part of

the technology, documents the details of each transaction so that the validity of each

transaction, asset or item can be verified by each user (Tanwar et al., 2020).

Presently, companies and institutions require large amounts of paperwork to be taken care of

manually. Blockchain is changing the system by having much of the paperwork come

together in a decentralized autonomous network. This includes contracts, business plans,

codes of conduct, NDA's, legalities, and reports (Andoni et al., 2019). This has enormous

benefits for companies because the manual workload is greatly reduced and so are the costs

associated with such activity to reach the same level of certainty in a faster and more secure

way.
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Having a public ledger, a blockchain network can also be called a peer-to-peer network

because that is the very foundation of it. Scientifically, the network is composed out of nodes

and every single computer in the network represents a node (Andoni et al., 2019). Nodes are

interconnected and are constantly communicating with each other verifying the correctness of

the transactions and the history of transactions. All transactions are time-stamped and stored

in blocks that are chronologically connected with each other and locked in the network

verified by all the peers associated with it (Gupta, 2017). This makes the technology robust

and tempered proof containing the auditable registry of all verified transactions. Subsequent

benefits of such a system allows for faster and more secure transactions which are publicly

verified, this allows for traceability of transactions, the system also removes costs associated

with having additional intermediaries, a constant process of verification makes the system

more resilient to faults (Andoni et al., 2019).

2.2. Blockchain and Energy market
According to the report (Andoni et al., 2019), it is stated that blockchain has the potential to

significantly influence the energy market by providing numerous benefits and innovation in

different ways. Because security is one of the main features of the technology, it alone would

provide a secure platform for trading and tracking energy, carbon credits, renewable energy

certificates, custody of grid materials and increasing transparency for shareholders without

compromising privacy (Kouhizadeh and Sarkis, 2018).

In parallel the document's concluded that the technology can improve the efficiency of the

existing business models and energy practices (Andoni et al., 2019). Specifically, it is noted

that utility companies and energy enterprises can significantly benefit from this technology

because it provides them with an opportunity to improve their current energy practices, which

include customer service as well as costs (Andoni et al., 2019).

One of the greatest aspirations that blockchain technology promises to provide is the

peer-to-peer (P2P) platform where consumers and prosumers can efficiently trade energy

between themselves at an optimal and sound level (Wu and Tran, 2018). All the transactions
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would be encrypted and secured with a tamper-proof smart contract which the blockchain

provides. This setup would allow for an automated trading platform that would provide

customers with accurate price signals as well as the customer energy costs (Wu and Tran,

2018). This in turn is incentivizing the customer to implement demand-side response behavior

and move the energy loads accordingly. This also applies to the establishment of smart

charging contracts. A consumer would also be provided with mobility which includes a

possibility to switch energy suppliers. Such an arrangement also has an influence on energy

affordability issues (Wu and Tran, 2018).

Marketplaces designed to support local energy generation and consumption present an ideal

ground for implementing blockchain technology because it reduces transmission losses as

well as delay the need for network upgrades (Kouhizadeh and Sarkis, 2018).

With all that is being said, the blockchain offers various solutions across the entire energy

trilemma. Costs are being reduced through multitudes of mentioned methods, the security is

provided through cryptography and lastly, the technology is mostly associated with renewable

energy sources, incentivizing a further increase in their production (Andoni et al., 2019).

According to the existing literature (Andoni et al., 2019), the challenges with implementing

this technology revolve around accepting the digitalized and decentralization-oriented

approach of doing business never before seen in history. It is a disruptive technology

challenging the very foundation of energy of companies and for it to facilitate itself in the

market there are various legal, regulatory, and competitive barriers that it has to overcome.

Novel practices which require new ways of thinking will dictate the speed of development of

this technology as well as industry.
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CHAPTER 3. Literature review

The reviewed papers provide an insight into overall themes and trends of this technology and

they include: trust enabler, market barriers, security, applications, stage of development,

opportunities, or potentials. Based on the documents it is clear that blockchain technology has

an application in the energy market but the development path is not straightforward.

Consensus is reached that the technology is an effective trust and security provider for

producers, distributors, and consumers (Andoni et al., 2019). An investigation also reveals

that in order for blockchain technology to deliver effective results it needs to work in unison

with the energy internet and other Internet of things (IoT) devices (Wu and Tran, 2018).

Moreover, the application of blockchain to the energy internet can complement the

development of the energy internet (Wu and Tran, 2018). It is mentioned that the technology

is in its early stages and that there are a lot of market berries that have to be considered and

overcome including regulatory, legal, and competitive barriers (Wu and Tran, 2018). Adding

to that, several research papers point towards an additional challenge which is excessive

power consumption (Kouhizadeh and Sarkis, 2018).

Despite all of that the research has also concluded that the technology does in fact contain

features that can revolutionize the energy market and some of these features are

disintermediation, transparency, security, tamperproof transactions. Moreover, it includes the

potential to empower greater market interaction from the consumer and prosumer's point of

view (Kouhizadeh and Sarkis, 2018).

Its disruptive nature threatens the established energy network and energy companies but

because of mentioned reasons, there is a long path for blockchain to prove its commercial

feasibility and be accepted in the mainstream. Despite all of that, an overall trend indicates

that currently, the technology is still experiencing a hype phase (Wang and Su, 2020).

Lastly, there are no official documents that are investigating blockchain application in the

Swedish energy market which is the primary focus of this report.
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CHAPTER 4. Methodology and Data

Here the author will discuss the exact methodology and methods used to conduct the study as

well as justifications for perusing this exact code of conduct. This will include the method for

literature and document review, the primary databases used for the research, the strategy for

conducting interviews with experts in the field as well as procedures the research data has

been assembled so that the study can be replicated by those desiring to do so. Lastly, the

chapter will examine the ethical considerations that were taken into the account during this

report.

4. 1. Research process
This study is based on a qualitative research method because it has the possibility of

addressing the research question in a much better and more comprehensive and in-depth way

(Bryman, 2015). This method has to do with understanding the non-numerical data which

includes interpretations and perspectives of patricians or interviewees to gain a better

understanding of the phenomenon at question (Creswell and Creswell, 2018). The research is

based on the constructivist paradigm, also known as the theory of knowledge, and argues that

people create knowledge and meaning through experience and interaction of ideas and

reflecting on those experiences (Anon, 2008) which entails that reality is no absolute but

instead it is constructed by people manning that multiple realities exist (Creswell and

Creswell, 2018). This research approach best complies with the researcher's desire to better

understand the topic of blockchain application in the energy market. The answer to the

problem, according to the researcher, lies in the experts' opinion and an in-depth explanation

related to the applicability and feasibility of the technology. By exploring experts' reality and

cross-referencing the facts and agreements the researcher has been able to establish common

ground for the topic and answer the research question.
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The literature for this report has been found in primary data bases which include Science

Direct, Springer Link and Scholarly. The reports have been selected based on keywords

which include: blockchain, energy, Sweden, Swedish, market, sustainability. or any

combination of these words in their title. Only peer-reviewed and most cited documents have

been selected for the literature review.

In order to work with the most reliable, prolific, and soundproof information the results were

sorted and chosen based on citation (Plomp, 1990). The research revealed a shortage of

Swedish-related articles indicating a gap that was then explored in a qualitative way. The

second part of the research consisted of identifying companies and individuals that have

connections with the energy market as well as blockchain technology. A google search

revealed an article from the University of Skövde elaborating on a project that intends to test

the application of blockchain technology between energy producers and energy distributors.

The article was written by professor Jianguo Ding, 2021 which led to a personal inquiry and

interview arraignment. During an interview the researcher was assisted in identifying relevant

energy companies to contact that could provide me with additional information in order to get

a better grasp over the existing trend implicating the situation and position of this technology.

The data gathered from the interviews were then transcribed and analyzed according to the

interview guide section presented by Alan Bryman’s Social Research methods (Bryman,

2015). Lastly, the discussion was formulated by cross-referencing literature findings with the

commonly established themes gathered from in-field research resulting in the author's

conclusion that answers the research question.

The report starts with a deeper investigation of the existing literature review on the subject.

Various relevant and cited research papers, documents and reports have been thematically

analyzed and have provided the needed theoretical foundation for this report. This foundation

is composed of unanimous agreements also known as similarities and relationships related to

the purpose and position of this technology (Creswell and Creswell, 2018). Secondly, the

literature review aimed to understand how and why this technology is being integrated with

the energy sector. This also included reoccurring terms and trends in the field of blockchain's
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integration with the energy infrastructure and systems and more specifically how does it aid

in the transition to renewable energy sources. The documents have provided a contemporary

framework for further in person investigation. Given the lack of data, I have decided to

investigate the blockchain trend of development in the region of Sweden. The available data

from official Swedish sites including companies has also been used as a benchmark the

interviews will be weighed against (Creswell and Creswell, 2018).

4.2. Research Limitations
During the research process, there has been great difficulty in gaining access to the relevant

people. Upon contacting several companies the researcher has been transferred from person to

person inside the company and lastly, they have been giving out recommendations about other

companies to contact for potential leads. Few cases that have been gathered may also present

a very narrow perspective into the researched subject which may overlook other various

developing projects as well as insights into the nature of technological development of

blockchain in the energy market in the region of Sweden.

The researcher has acknowledged the potential shortcomings of the research that comes with

the particular method that has been chosen. The reality of qualitative research is its subjective

nature. This means that the results of the study may vary depending on who conducts them

and what kind of relationship they develop with the participant which may steer the

conversation in a number of directions. This makes the replicability of the research more

difficult (Bryman, 2015). Opinions and attitudes of both researcher and research participants

also largely determine the outcome of the research (Bryman, 2015). For this reason, efforts

have been placed to separate the facts from opinions during the research process. To increase

the quality of the research two main metrics have been used to assess the validity of the data

presented by the participants and they include trustworthiness and authenticity (Bryman,

2015).
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4.3. Interview guide
In order to gain a sufficient perspective and to fill the knowledge gap, participants have been

primarily selected based on their experience in the Swedish energy market as well as

knowledge surrounding blockchain technology. The reason for this is because research

requires a pragmatic view of this technology. The literature review has revealed theoretical

possibilities of this technology however Swedish market remains a unique case that requires

the perspective of someone with years of experience in the field in order to get viable

information (Robinson, 2014). The questions have been composed with the purpose of

gaining insight into the knowledge gap in a semi-structured format seeking descriptive

information. The questions have been designed to be open-ended and neutral as possible so

that the interviewee could choose the terms they prefer. The interviewer was considerate and

encouraging through attentive listening and nodding (Robinson, 2014). During the research

process, the researcher managed to secure interviews with 4 authoritative representatives with

different backgrounds and different occupations that were able to relate to research questions.

All interviews were conducted online through the ZOOM platform and have been recorded

with the permission of the participants. The recorded interviews have then been transcribed in

order to gain better clarity into the perspectives of participants. (Robinson, 2014).

Initially, blockchain developers in Sweden have been contacted in order to gain first-hand

perspectives on the topic and understand their way of thinking including their understanding

of the current status of development of this technology in the market. Secondly, energy

companies such as E.ON, Vattenfall, and Swedish Energy Agency have been contacted in

order to get access to the people knowledgeable on this front.

After each interview, a thematic analysis has been conducted to determine general patterns of

thought in interviewees. This includes keywords, patterns, and opinions of participants that

have shaped the line of questioning for the following participants. This has been done with

the purpose of acquiring a more nuanced perspective (Robinson, 2014).

Based on the literature and the purpose of the research question the following questions have

been selected and asked but often times the direction of the interview was determined by what

was considered most important to understand about the subject:
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- According to your estimates, will blockchain provide sufficient solutions to eliminating

various frictions that the energy market might be experiencing?

- Is there sufficient interest in Sweden for this technology to be developed?

- Are you familiar with some of the projects on this frontier in Sweden?

- Who might be most interested in developing this technology?

- What are the biggest hurdles that this technology might have to face?

- Is blockchain a threat to various energy-related companies?

- How does the blockchain aim to change the current landscape in the field of energy?

- Is there someone specific that might benefit from this transition?

- Does Sweden's existing decentralized energy portfolio and energy infrastructure make it

easier or harder for this technology to be developed in comparison to countries with more

centralized energy systems?

4.4. Ethical considerations
The purpose of the ethical review is to enhance the validity of the research and provide

sufficient reasoning that aims to follow and defend academic standards (Bell and Bryman,

2007).

The informative content of the following research is primarily based on peer-reviewed

research articles and publications. Additionally, the official websites of companies and trusted

institutions have been used as a supplementary component to the research to provide

up-to-date facts and futures related to the topic in question (Nash, 2017).

In terms of practical aspects of the research, the following criteria have been considered and

followed.
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Upon inquiring about the participation of various experts in the field a sense of priority has

been placed on keeping dignity and respect throughout the entire process of interaction. This

means that any form of offensive or discriminatory language has been avoided during the

study. Every participant has been informed about the agenda of the research and the

permission has been inquired before the start of the research. The same applies to the

allowance to record the interview for the purpose of transcription which is used to ensure the

accuracy of the data provided during the interview. The participant has been informed that the

interview does not have a political nature and that they are free to share whatever they feel

comfortable sharing. The rights to anonymity have also been presented if the participant

wishes for their name not to be disclosed. It is only after the preceding criteria have been

fulfilled that the interview has been conducted (Bell and Bryman, 2007). Lastly, every

participant has been notified that they are allowed to change their minds at any point during

the research.

When it comes to ethical consideration of the technology itself there can be found various

forms of controversy of this technology as it relates to the energy required to run it (de Vries,

2018). Although the technology aims to improve energy efficiency in the energy market the

technology itself is known to require sometimes even substantial amounts of power (de Vries,

2018). Another problematic aspect of the technology relates to electronic waste. This includes

various disposable computer parts such as graphic cards which present key components on

which the blockchain network is based on. IT facilities that harbor these computer chains and

databases require regular hardware updates in the form of new graphics cards and the disposal

of these cards is not efficiently dealt with (de Vries, 2018). However, this type of that

presented can be very misleading for various reasons. Although it is true that the blockchain

network is an energy-intensive platform it is still very insignificant in comparison to the

existing platform used to conduct trade, business and transactions. To be more specific, the

banking sector uses 133% more energy than its counterpart, blockchain (Kouhizadeh and

Sarkis, 2018). Another important distinction is that blockchain applications are vast and that

the energy sector presents a significantly smaller portion of the total pie and therefore less
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energy demand than previously conveyed (Kouhizadeh and Sarkis, 2018). Among other

things, blockchain technology gives additional leverage when it comes to environmental

protection. Blockchain provides an opportunity for the existing supply chain of the production

process to become transparent which includes visibility, traceability, and verification of the

goods. This way the customer can know exactly the origin and the process of the product or

energy consumed leveraging the potential for application of sustainability practices and

sustainability schemes (Kouhizadeh and Sarkis, 2018). Overall this would significantly

reduce frauds, greenwashing, and errors.

CHAPTER 5. Results

During the research process the researcher has encountered dozens of authoritative

participants that had no knowledge whatsoever in this field. This includes the Swedish Energy

Agency which has an official purpose of “assisting Swedish energy market in creating and

transitioning to a more ecologically and economically sustainable system through

collaboration with other companies and municipalities and research communities” (RIO,

2012).

After being transferred to four different personnel within the institution nobody was able to

provide any information about blockchain development with any degree of confidence. This

result by itself infers two things, the degree of awareness surrounding this topic, potential for

inefficient communications between the personal. Both of which display the degree of

awareness and the degree of development of this technology in today's market.

The second result relates to a research professor at the University of Skövde, Jianguo Ding.

Professor Ding is currently involved in one of the first official energy-related blockchain

projects that aims to investigate the feasibility and applicability of blockchain technology in

the energy sector (Ding, 2021). The success of the project will determine the future position

of this technology and if the research will get further funding or not. When it comes to
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blockchain applications in the energy market, professor Ding states that Sweden has a very

different energy infrastructure compared to other countries. Where in other countries the

energy market is very centralized, regulated, and owned by the government the Swedish

energy market consists of 170+ different energy companies and the government does not have

a clear insight into the doings of these companies.

Additionally, Sweden has on average a greater share of renewable energy in their energy mix.

This presents a very unique field in terms of existing policies, regulations, opportunities, and

risks for the integration of this technology and therefore it would be very hard to replicate

elsewhere, states professor Ding. The Swedish energy market is based on competition and

marketing, and most often companies are in business for themselves with their unique

business models and business secrets. This makes it hard for them to collaborate because each

company wants to sell most of its electricity (Ding, 2021).

However the industry does have an interest in acquiring the overall data because the existing

model leads to larger amounts of energy waste and a miss balance between the supply and

demand, it is estimated that 10% of Swedish energy is lost due to inefficiencies (Ding, 2021).

Companies can often produce too much energy which they can not sell and therefore they

have an interest in the data to decrease their losses. In order for this technology to be

implemented all companies must agree to share something of value on this platform in order

for this project to be of use, states professor Ding.

The key is understanding which information to share. The platform would then be used to

store all the information anonymously and this would give an insight to companies whether to

increase or decrease their production. This would then lead to the creation of a unified price

on the market. This would be of big benefit to companies and the government, says professor

Ding. Another benefit of the technology is that the platform will enable the consumers to

choose the cheapest energy available on the market buying from the cheapest producer.

Professor Ding says that this would benefit all of the stakeholders. Another significant benefit

this technology can provide, professor Ding states, is cybersecurity. Wars are expensive but

cyber attacks are cheap and can be devastating.
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On the other side, there are a variety of hurdles when it comes to implementation. Firstly the

companies are unaware of the benefits of this technology. According to professor Ding, the

companies have a small picture of the possibilities because they are mostly focused on what

they do. Secondly, the blockchain only has a significant purpose on the large scale. If only a

few companies are interconnected it does not make sense to follow through with the

technology. The same applies to security, the smaller network is more vulnerable to being

attacked. It only makes sense for this technology to be nationwide, even spanning across

nations. Only then the network would be secure (Ding, 2021).

The second interview occurred with Ms Marielle Lahti from Energymarknadsinspektionen.

She works in a department related to forward-thinking and innovation in the energy market

especially in the field of microgrids and she has 15 years of experience in the energy field.

Currently, she is part of the initiative called “Effective dialog” which relates to interacting

between traditional stakeholders and the new stakeholders which has the purpose of

enhancing the capacity of the Swedish electricity system on a national level. Additionally, she

has experience in smart grid counsel which has to do with Swedish innovation and pace of

development in smart grids as well as exporting Swedish innovation.

According to her, there are three different ways to look at this subject which also present the

foundation for the development of this technology. Firstly we have the technical and digital

development of the technology, then we have market drivers and lastly, we have a regulatory

body.

According to Ms Lahti blockchain has different purposes for which it can be used and the

purpose can be very different from each other. It can be used to cut off a middle man, it can

be used for securing data, validating, and being confident that data and transactions are

correct, additionally, this can mitigate costs and provide more effective communication

between buyers and sellers. The technology is considered to be so secure that it could replace

current institutions such as banks (Lahti, 2021).

According to Ms Lahti, there are various trends that we have to take into account that provide

a certain framework for this and similar technology. The first trend is the increased desire
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customers to become prosumers which would then in turn increase market interaction.

Additionally, there is a political will supporting this trend, nationally and internationally.

There are various European legislative packages designed to assist in renewable energy

transition (Lahti, 2021). These packages include regulatory proposals that are pushing

towards customer interaction (Lahti, 2021). According to Ms Lahti, there is room for

interpretation when it comes to the strategies and technologies to be used to execute on the

agenda. Blockchain is a technique that could enable this development and it does significantly

simplify the process of data collection and data analysis leading to a more efficient

decision-making process among the stakeholders.

However, it can also be said that blockchain is a technology among other technologies (Lahti,

2021). A very significant question in this field has to do with who is going to be developing

this technology? At the moment there are not known parties on the frontier of this

development but Ms Lahti assumes that there could be new stakeholders that see a business

opportunity in this field. In support of that, Ms Lahti understands that Sweden is a very

innovation-driven country, especially in the area of digitalization and there are certain

companies as well as banks that have taken interest in this field for some time (Lahti, 2021).

According to her, different service providers could benefit from this technology especially

real estate developers that are in charge of the new generation of smart buildings.

Overall the blockchain is very new to the market, there are a lot of uncertainties and trials that

the technology has to undergo for its purpose and use to be justified. Every time in history a

new technology has been invented it has to compete with the already established systems. On

top of that, blockchain is seen as a technology among other technologies that could develop

the needed service which puts it in a competitive arena (Lahti, 2021).

The third interview was conducted with Mr Alex Eriksson who has a position in the R&D

department in Vattenfall on the territory of Sweden. As we previously established, Vattenfall

was the only company that has publicly available information related to blockchain

development in the energy market. However, according to Mr Eriksson, the blockchain does

not have that great significance in the Swedish energy market for various reasons. One of the
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main characteristics that make this technology unique is its ability to provide trust and

therefore it is only valuable in places and countries where trust presents a big issue.

Moreover, even if trust is an issue there are other means and technologies which could be

used to establish trust besides the blockchain. However, in Sweden trust is not an issue that

the market is concerned with. Overall, there is a great level of trust in authority, agencies, and

the market that the service and electricity will be delivered by the providers. The additional

hurdle of the technology that we have discussed is that in order for blockchain to be of use

and significance it needs to operate at a large enough scale therefore many parties must agree,

collaborate and share information of value for the project to make sense (Eriksson, 2021). The

second large hurdle that the technology is facing is the time it takes to verify transactions

which is a native attribute of the blockchain and it makes it far from an ideal platform when it

comes to energy trading where information needs to be delivered in seconds.

Hypothetically, if the technology is to be implemented and it works as expected there could

potentially be some savings for the consumer but the saving would be so small that it would

take a long time for it to financially make sense and this excludes the price of setting up the

technology (Eriksson, 2021). This is so because replacing the existing system with new

technology also requires time and energy. Despite the publicly available information, there is

no commercial blockchain application on the market, says Mr Eriksson. There is a test

program in the Netherlands that relates to peer-to-peer trading in a community that has

specific enough circumstances for this project to work.

However the community still has to compete with the prices of the national market and the

trading is entirely community-driven which can present sufficient motivation for this to work,

says Mr Eriksson, but that entirely depends on the strength of the community. As of now,

there are no real results from this test run. Theoretically, implementing this technology would

make sense if there is a strong national interest in small assets acquisition. That is to say, if

there is a significant enough increase of prosumers whose interaction with the grid needs to

be managed for the purpose of balancing the grid then that could be a valid enough reason to

make a move, but even then there are possible alternatives that could be simpler, cheaper and

provide the needed balancing of the grid (Eriksson, 2021). In the future, the technology may
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become more efficient and it could potentially make more sense to implement it but overall,

you do not have to replace something that already works, especially if there is not enough

monetary incentive for a project of this size (Eriksson, 2021).

CHAPTER 6. Analysis & Discussion

When it comes to the research questions “Where does Swedish energy market stand in

relation to blockchain technology? Do they have intentions to integrate technology?”, the

research has provided a very useful insight into the reality of the technology, especially in the

field of Swedish energy market. Although at first the technology may have seemed very

promising, a more detailed investigation has shown that there is a significant amount of

obstacles to be considered. The amount of obstacles and drawbacks are so significant that

they potentially outweigh the benefits of the technology under these specific circumstances

that we have here in Sweden. Much of the benefits that have been mentioned in the

background still hold true however the interview with Mr Alex Eriksson from Vattenfall has

provided information that explains that there is no substantial monetary benefits to replacing

the middle man because the cost of the technology and needed power to run it does not yield

sufficient enough margin for its use. Both Marielle from Energymarknadsinspektionen and

Mr Eriksson see blockchain as a technology among other technologies, which means that

there are other alternatives that could provide relatively the same service in a simpler and

cheaper way. When it comes to the cyber security concerns as professor Jianguo Ding stated

there are more things to be considered then simply assuming that blockchain is the only

alternative that can provide robust cyber security. Not to mention that the whole country and

more has to be using the blockchain platform in order to achieve a great degree of robustness.

Both Marielle and Alex claim for this to be highly unlikely anytime in the near future.

The research has also provided the information that at the moment there is a minimal public

interest when it comes to developing this technology in the field of energy which answers the

research question to a very high degree. That is not to say that the market overall is not

interested in this technology nor that the technology does not have great potential in the future
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but simply at this moment in time the blockchain technology is still in its early stages of

development. Moreover, according to Alex, Sweden does not have a problem with trust which

is one of the major promises of blockchain aims to deliver. This is not to say that the

blockchain could be a very much needed system in certain energy markets but based on

existing analysis the technology has a long way to go.

CHAPTER 7. CONCLUSIONS
Overall, the hypothesis of the research has been disproven. The leading assumption of this

research project was that the blockchain is a revolutionary technology with numerous benefits

that could transform the Swedish energy market. However, the research and the results have

shown that things are not as straightforward as they may initially seem. The obstacles

standing in front of blockchain development and integration are as of now greater than the

benefits the technology could provide. The results have also concluded that the technology is

in the very early stages of development and that it may take years for it to get the validation

and efficiency to replace the existing model. Moreover, we have established that the Swedish

energy market might not be the right market for blockchain technology because one of the

leading features of the technology can provide trust and according to researchers in Vattenfall,

Sweden already has high levels of trust at the moment. However, the research was limited to

the number of people interviewed and the results might have been different if a greater

number of experts were included. That is not to say that there is still no potential that

somebody may have figured out the problems and sees the incredible potential in the energy

market or any other market but this research has not managed to find sufficient results to

indicate that this might be true. Further research could be focused more on the blockchain

developers who may better understand its potential applications. Lastly, the purpose and the

attributes of the technology are still considered to be very valuable and constructive but they

also do require special circumstances and strong enough incentive for anything to be done

about it.
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