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Abstract 

Blockchain technology is experiencing increased attention due to its possibility to 

transform how markets operate and reducing the need for intermediaries. Important 

aspects of markets are transaction costs, transparency and asymmetric information and 

by study them, deeper knowledge of the markets can be obtained. One area where 

blockchain technology is being explored is within the energy industry where it has 

enabled peer-to-peer trading of electricity. This enables consumers to track the origin of 

their consumed electricity. However, when electricity trading is not conducted 

bilaterally, Guarantees of Origin is used as a tool for tracking electricity.  

Guarantees of Origins are traded on an open market but there are no publicly available 

prices and no common trading platform, hence most trading occurs bilaterally or by 

using an intermediary. In addition, there is limited amount of information regarding the 

costs associated with its market and trading process. This study therefore explores the 

characteristics of the Guarantees of Origin market and trading process in terms of 

amount of transaction cost, transparency and asymmetric information. Along with how 

blockchain technology could impact it. This was done by using a qualitative approach 

with a single-case research method, the chosen case being the Swedish GoO market and 

trading process. Data was derived from secondary sources as well as from interviewing 

different stakeholders in the market.  

The conclusions from the study show that the Guarantees of Origin market and trading 

process is characterised by low transparency, low amount of symmetric information as 

well as inducing transaction costs. This gives a skewness to only large volumes being 

traded. The study shows that blockchain technology could add value to the market for 

Guarantees of Origin, by improving informational flow resulting in enhanced 

transparency, whilst reducing transaction costs. However, it is questionable whether 

there are sufficient incentives from stakeholders in the market to advocate adoption of 

the technology. 

Keywords; Transaction costs, transparency, asymmetric information, Guarantees of 

origin, Swedish energy industry, blockchain technology, distributed ledger, smart 

contracts   I 
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1. Introduction 

The purpose of this chapter is to provide the reader with an introduction to the study. It 

will start with a background of a markets’ function, the emergence of blockchain 

technology and previous research on Blockchain. It will then continue with the use of 

blockchain in the context of the energy market, this followed by a presentation of 

Guarantees of origin and research within that field. The chapter will conclude with the 

overall purpose of the study, the research questions, its scope and delimitations and, 

finally, the layout of the study. 

1.1 Background 

In 2008 Satoshi Nakamoto introduced blockchain technology (Nakamoto, 2008). 

Blockchain technology is one of the more recent technology developments that has the 

power to transform markets (Nakamoto, 2008). In terms of markets they should, 

according to O’Hara (2003), serve two important functions, liquidity and price 

discovery. According to O’Hara (2003), liquidity refers to the matching of buyers and 

sellers and price discovery refers to how new information is included in prices. 

Liquidity can be extended to cope with for example trading costs, speed of execution 

and depth available to customers placing orders according to Foucault, Pagano and Röell 

(2013b) and for a market to be liquid it is required to have numerous participants (Skaar, 

2018). Should the market be illiquid, an intermediary can provide liquidity by matching 

buyers and sellers and is compensated for it (Skaar, 2018), this being a transaction cost 

according to O’Hara (2003) and Skaar (2018). Price discovery is closely related to 

transparency (Madhavan, 2000; Skaar, 2018) but can be extended to the identities of the 

market participants and anonymity of trading (Foucault, Pagano, & Röell, 2013a). 

According to Wright and De Filippi (2015), blockchain technology offers the possibility 

to remove the need for intermediaries by allowing coordination between unrelated 

individuals in markets, something that was not possible before. In addition, it offers full 

transparency for every transaction (Iansiti & Lakhani, 2017).  
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Blockchain can be a useful tool in markets with imperfect information since it can 

function as a transparency device that mitigates market inefficiencies (Notheisen, 

Cholewa, & Shanmugam, 2017) and therefore improves matching, facilitate transactions 

and lower transaction costs (Subramanian, 2017) as well as removing third parties 

(Malinova & Park, 2016). 

Previous research on blockchain technology and its application ranges from the payment 

industry (Guo & Liang, 2016) to supply chain in the wine industry (Biswas, 

Muthukkumarasamy, & Tan, 2017). The technology has been used for various financial 

applications such as private securities (Crosby, Nachiappan, Pattanayak, Verma, & 

Kalyanaraman, 2016; Guo & Liang, 2016) and insurance (Crosby et al., 2016) to non-

financial applications such as notary public and the music industry (Crosby et al., 2016) 

as well as been introduced for biomedical and health care applications (Kuo, Kim, & 

Ohno-Machado, 2017). 

Despite a vast range of different areas where blockchain technology have been studied, 

previous work have, according to Risius and Spohrer (2017), predominantly focused on 

its design and features, its conceptualization and prototyping and not rarely on 

cryptocurrencies. To further understand its applicability, Risius and Spohrer (2017) 

proposed that research should consider different trade-offs and more critique of the 

technology. Lastly, Risius and Spohrer (2017) also stated that research on blockchain 

and value creation is missing and that empirical and theory-driven research is scarce. 

Another area where blockchain technology is being researched is within the energy 

industry (Hasse et al., 2016) where studies to a great extent have been on focused on 

peer-to-peer electricity trading (Mengelkamp, Gärttner, et al., 2018; Munsing, Mather, 

& Moura, 2017; Wang, Wang, Zhou, & Chi, 2017; Zhang, Wu, Long, & Cheng, 2017). 

In a blockchain based peer-to-peer energy trading solution, the end consumer benefits 

from knowing whom she buys the energy from and by this know the origin of the energy 

(Hasse et al., 2016). However, the way to know the origin of energy when an end 

consumer does not buy directly from the source of the produced energy is with the use 

of Guarantees of Origin, henceforth abbreviated as GoO (Energimarknadsinspektionen, 

2017b; Jansen, 2017; Malinen, 2015c).  
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GoO is an electronic document stating that a certain amount of energy is added to the 

grid and is the only way a retailer can specify that the sold energy is from a specific 

energy source (Energimarknadsinspektionen, 2017b; Jansen, 2017; Malinen, 2015c). 

GoOs are traded on an open market, separated from the physical and financial flow of 

energy (Malinen, 2015c). However, there is no common trading platform and no 

publicly available prices (Colnerud Granström, Lager, Pålsson, & Nurmi, 2011). 

Therefore, most trading occurs using bilateral agreements or through brokers (Veum, 

Londo, & Jansen, 2015). 

In terms of previous studies on GoO, Mulder and Zomer (2016) and Raadal, Dotzauer, 

Hanssen and Kildal (2012) looked at how the use of GoOs affected energy production. 

Mulder and Zomer (2016) found that GoOs might not incentivize renewable energy 

investments but rather to be used as a marketing tool by retail companies. Raadal et al., 

(2012) found that the income producers get from selling GoOs is only a fraction 

compared to the income from green certificates and is therefore not a tool to increase 

investments in renewable energy. However, as stated in a report by Veum et al., (2015), 

information about the GoO tracking scheme is scarce, but that the cost of using GoOs 

should decrease if the market expands and more market participants can bear costs. 

1.2 Problem Statement 

Drawing from the background, this study aims to contribute to the understanding of the 

GoO market and assess it in terms of transaction costs, transparency and amount of 

information available, since these factors influence a market. Secondly, the study aims 

at discussing the potential value of using blockchain technology in a different part of the 

energy industry than electricity trading. This study will be driven by a theoretical 

approach to discuss different trade-offs of the technology in a market and trading process 

1.3 Purpose 

The purpose of the study is to explore if there is a potential value for blockchain 

technology in another process than electricity trading within the energy industry, derived 

from an analysis and discussion on transaction costs, transparency and asymmetric 

information in a market and trading process. 
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1.3.1 Research Questions 

In order to discuss the purpose, the authors will address the following research questions; 
 
Research Question 1; How can the GoO market and trading process be characterised 

from a perspective of transaction cost, transparency and asymmetric information? 

Research Question 2; How could blockchain technology potentially impact the GoO 

market and trading process, derived from a perspective of transaction costs, 

transparency and asymmetric information? 

1.4 Scope and Delimitations of The Study  

The study will discuss the purpose and research question using the case of the Swedish 

GoO market and its trading process. In terms of this market the study will only look at 

national trade and not include the import and export of GoOs. In terms of the process 

related to GoO a delimitation is set to only look at the process from the issuing of GoOs 

to their expiration, the production of energy itself is not considered. In addition, focus 

will be on the buying and selling of GoOs and therefore not touch upon the end 

customers to any greater extent.  

Furthermore, the authors will not recommend any implementations of blockchain 

technology. The discussion related to the potential impact of this technology on the 

market and trading process will be theoretically driven. Lastly, the interviews were not 

conducted to capture the interviewees opinion on blockchain technology but to obtain 

information on the current market and trading process of GoOs in Sweden.  

1.5 Thesis Outline 

The outline for the thesis is displayed in figure 1. The thesis consists of six chapters with 

subchapters. Each chapter will begin with a brief introduction describing its purpose.   
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Figure 1; Thesis Outline 
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2. Methodology 

The purpose of this chapter is to present the approach of the research and how it was 

conducted. The chapter starts with a presentation of why a qualitative research 

approach using a single-case study was chosen. This is followed by a presentation of the 

research design and the use of a literature review. Then follows a presentation of how 

data was collected, including the interview strategy and how the data was presented and 

analysed. Lastly, the chapter ends with a presentation on how the authors coped with 

the aspects of quality of the study. 

2.1 Research Approach and Method 

When selecting the approach, the overall plan for the study, Creswell (2014) state that 

the researcher can choose between three different types. Namely to either use a 

qualitative, quantitative or mixed method approach (Creswell, 2014). The reasoning 

when choosing between a quantitative or qualitative approach is according to Stake 

(1995) dependent on what the researcher wants to explore. According to Stake (1995), 

the quantitative researcher wants to understand what exists and the qualitative researcher 

wants to explore to be able to understand. When choosing between the two, Stake (1995) 

puts forward that the decision should be based on; 

“… (1) the distinction between explanation and understanding as the purpose of inquiry; 

(2) the distinction between a personal and impersonal role for the researcher, and (3) a 

distinction between knowledge discovered and knowledge constructed” (Stake, 1995, p. 

37). 

Another definition was provided by Hancock and Algozzine (2011) to decide what type 

of research to conduct, which relies on the information available related to the topic. If 

there is little information available about an issue, a qualitative approach is more suitable 

than a quantitative one. The examination of data available when deciding on a research 

approach is shared by Creswell (2013) who states that qualitative research is useful when 

a problem needs to be explored and variables are not easily measured. The qualitative 

study requires information that can only be retrieved by talking to people (Creswell, 

2013). 
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Drawing from Stake (1995), a qualitative approach was deemed suitable for this study 

in order to address the research questions since the authors wanted to explore the 

dynamics of a market without centralized trading. Moreover, the authors also sought to 

discuss a potential use of blockchain technology rather than quantifying the effects of 

this technology. 

Drawing from Hancock and Algozzine (2011) and Creswell (2013), the use of a 

qualitative approach is strengthened since the amount of publicly available data 

regarding the GoO market is limited. There are no publicly available prices and trading 

is either done with bilateral agreements or through an intermediary. In order to fully 

understand the market and the trading process of GoO the authors needed, in addition to 

secondary data, retrieve information through interviews.  

Within the field of qualitative research, Yin (2014) puts forward that the researcher can 

choose between different type of methods such as conducting an experiment, archival 

analysis, historical analysis, a survey or a case study. In order to choose which one of 

these type of methods, Yin (2014) puts forward that the researcher should consider the 

formulated research question and to what degree the study focus on historical or 

contemporary events. In terms of choosing method relating to the research question, Yin 

(2014) state that experiments, historical analysis and case study is appropriate if the 

question addresses “how” or “why” something occurs. Surveys and archival analysis is 

instead suitable if the research question addresses “who”, “what”, “where”, “how many” 

or “how much”. In terms of the second condition, Yin (2014) puts forward that 

experiments, surveys, archival analysis and case studies are appropriate when exploring 

a contemporary event, whereas historical analysis explores past events. 

Based on the conditions from Yin (2014), the authors wanted to explore how a current 

market looks in its contemporary setting along with how a new technology might affect 

the market. The authors could address this with either an experimental method or a case 

study. Since an experimental method is conducted when the researcher can manipulate 

behaviour directly in a laboratory setting (Yin, 2014), the use of a case study method 

was found most appropriate. The case study being when the researcher explores, in-

depth, a contemporary bounded system or systems (Creswell, 2013; Yin, 2014). 
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Another way to define whether the study is a case study or not is to, according to 

Merriam (1998), examine whether the issue addressed can be put in a bounded system 

or not. Meaning, if there is a finite number of data, a limited number of people to talk to 

or a limited amount of time. If the intended case cannot be put in a bounded system it is 

not going to be a case study (Merriam, 1998). Drawing from the definition of a case by 

Merriam (1998), the GoO market is bounded by its participants. By examining the 

process flow and trading of GoO in Sweden, there was a limited number of stakeholders 

involved in the market of GoO as well as in the trading process.  

Challenges with a case study is to choose the boundaries of the case and whether the 

researcher should analyse one or multiple cases (Creswell, 2013). Since there is no 

common marketplace for GoO trading, the authors found that the usage of one case, the 

Swedish trading process of GoO, was most appropriate. Using only one case can make 

generalization harder since the results mostly corresponds to the particular case 

(Creswell, 2013; Merriam, 1998). However, Creswell (2013) also states that the 

researcher should define the rationale for the chosen case. The authors justified a single 

case study since it made it possible to analyse the GoO market and trading process in an 

in-depth fashion, which would be harder with a multiple case study due to the limited 

amount of time.  

2.2 Research Design 

The research design is defined by Yin (2014, p. 28) as the “logical plan for getting from 

here to there” and by Creswell (2013, p. 49) as “the plan for conducting the study”. It 

is also argued by Hancock and Algozzine (2011) that the way a researcher should choose 

the design is the ability for the design to allow for a full investigation of the case. 

To be able to find a foundation to start from, Hancock and Algozzine (2011) and Yin 

(2014) proposes to explore previous research so that a new angle on the topic can be 

proposed. As Yin (2014) puts forward,  the literature review should enable the researcher 

to find key topics of interests, what have already been done within that topic and find a 

new angle on questions to be asked.  
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By following this, the authors explored what have been done within blockchain 

technology, followed by a walkthrough on what have been done in the energy industry 

related to blockchain technology along with what different types of processes within the 

energy market that exists. The authors finally settled on looking at the GoO market and 

the potential use of blockchain technology within this market. 

When the overall theme and case of the study was determined, the following design was 

inspired by the design presented by Creswell (2014), Hancock and Algozzine (2011), 

Merriam (1998) and Yin (2014). As also stated by Merriam (1998) and Yin (2014), the 

starting point when conducting a case study is to present a frame of reference to address 

the case. The frame of reference can be used as a guidance tool for determining the data 

collection and analysis of data (Creswell, 2013; Merriam, 1998; Yin, 2014). By 

constructing a frame of reference it is not only the data collection and analysis that can 

be improved but it can also help the researcher draw generalisations (Yin, 2014).  

As Merriam (1998) puts forward, one way to define the frame of reference is to do a 

thorough literature review on other studies related to the topic of the research. Drawing 

from this the authors continued, after the topic and research questions of the study was 

defined, with conducting a literature review on market microstructures, transaction 

costs, transparency, asymmetric information as well as on blockchain technology. This 

was then used to propose a frame of reference. The frame of reference then influenced 

what type of data regarding the Swedish GoO market and trading process that was 

collected as well as how it was analysed. After formulating a frame of reference, the 

following research design, based on Creswell (2013), contains a data collection, an 

analysis of the data as well as a finalising with generalisations and a conclusion. An 

overall view of the research design used in the study is presented in figure 2 on the next 

page;  
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Figure 2; An overview of the used research design 

 

2.2.1 Literature Review 

The purpose of the literature review is, according to Bryman and Bell (2013), to 

thoroughly go through what is known about the topic intended for the research. The 

literature review should visualise what has been done in an area as well as demonstrate 

what will be used in the research (Bryman & Bell, 2013). The search for data can be 

done through electronic databases by using keywords (Bryman & Bell, 2013). In terms 

of literature review, the authors used it firstly for the purpose and research questions, 

and secondly to conduct the frame of reference. The authors used different types of 

keywords, as well as combinations of keywords to find suitable articles. Some of the 

used keywords are presented in table 1 on the next page. 
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Table 1; Example of keywords used in literature review 

 

 

For Introduction Example of keywords used
Blockchain technology Blockchain

Blockchain technology
Distributed ledger technology
Smart contracts

Energy and blockchain technology Microgrids
Energy prosumer
Peer-to-peer trading
Energy and blockchain 

Guarantees of origin Guarantees of origin
Trading guarantees of origin
European electricity market

For Frame of reference Example of keywords used
Market microstructure Transaction cost economics

Transaction costs
Transparency
Price transparency
Asymmetric information
Disclosure
Bargaining theory
Market microstructure

Blockchain technology Blockchain technology implementation
Implementing blockchain solutions
Blockchain technology advantages
Blockchain technology disadvantages
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2.3 Data Collection  

In terms of data collection, Creswell (2014) states that the researcher should choose the 

data source so that the information will help the reader better understand the problem 

addressed (Creswell, 2014). As also described by Creswell (2014), mainly four types of 

data sources are used in qualitative research. The researcher can use observation, 

interviews, the use of documents (both private and public) as well as audio and visual 

materials. As argued by Yin (2014), the researcher should try and use many sources of 

data since it allows the researcher to address the problem from many different angles, 

also referred to as data triangulation (Yin, 2014, p. 120). The data sources used in the 

study was based on secondary data from documents, archival records as well as 

information and data conducted through interviews. 

2.3.1 Documentation and Archival Records 

One commonly used source of information for case study research are documents as 

well as archival records (Hancock & Algozzine, 2011). The use of archival data can help 

the researcher get access to data of high quality without needing to spend time on 

collecting the data (Bryman & Bell, 2013). Documentation is for example previous 

studies on the topic, written reports, newspapers and so on (Yin, 2014). Documents can 

also be information published by a public authority (Bryman & Bell, 2013). Virtual 

documents is another type of documentation, which represents information collected 

from different internet pages and can be a good source of information (Bryman & Bell, 

2013). Archival records are statistical data, organisational records or for example survey 

data (Yin, 2014). The documentation and archival records used in the study were for 

example based on directives from the European Union, governmental reports and 

documents as well as national statistics. 

2.3.2 Interviews and Interviewee Sampling Strategy 

Interviews are according to Creswell (2013), Hancock and Algozzine (2011) and Yin 

(2014) one of the most common sources of data in a case study. As stated by Merriam 

(1998), the purpose of interviews is to get access to specific information and the type of 

interview depends on the type of information the researcher wants to obtain. Specific 

information can only be obtained by interviewing different people (Stake, 1995).  
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To obtain valuable information, the interviewees should not get the same question but 

rather questions related to their expertise (Stake, 1995). As argued by Hancock and 

Algozzine (2011), one important obstacle to address when conducting interviews is to 

find the key participants that can provide valuable information. 

This study used the rationale by Charmaz (2006) presented in Creswell (2013), that no 

more data is collected when no more fresh data will provide new insights to the problem. 

As also put forward by Creswell (2013), the interviewees should be chosen based on the 

information they can contribute to the problem of the study (Creswell, 2013).  

In terms of sampling strategy, the authors followed the sampling strategy presented by 

Merriam (1998). As defined by Merriam (1998), the sample strategy is a twofold 

strategy; firstly the case must be selected, and secondly there must be a sample of whom 

to observe or contact within the case. The second part of the sampling can both be done 

before the data collection starts or it could be done during the data collection as well 

(Merriam, 1998). As put forward by Creswell (2014), there is no specific answer to how 

many participants that should be included in the study.  

Drawing from the sampling strategy by Merriam (1998), this study first defined the case. 

Second, by using secondary information regarding the Swedish GoO market and trading 

process, a systematic stakeholder mapping was conducted to map which stakeholders 

are involved in the Swedish GoO market. This created a stakeholder map. As defined by 

Nwankwo and Richardson (1996), a systematic stakeholder mapping is; 

“a formal process of identifying those people who are likely to have an interest (or stake) 

in a proposed development and the mapping of these people to create diagram which 

indicates their relationship with the strategist at the centre of the proposed or actual 

development.”(Nwankwo & Richardson, 1996, p. 44) 

The stakeholder map was the base for the sample selection for interviews. Within each 

stakeholder group the authors searched for possible participants with special knowledge 

for the certain stakeholder group. When participants within each stakeholder group were 

found, the authors reached out to them by email to see whether they were willing to be 

part of the study and answer some questions.  
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In this way the authors could see if the participant wanted to answer any questions before 

they were sent to the participants. This reduced the likelihood of the participants not 

answering. The questions asked to the different stakeholders had the aim of gathering 

data, regarding the Swedish GoO, in terms of the handling of, the trading process as well 

as information related to the market. 

In terms of the way an interview can be structured, Hancock and Algozzine (2011) and 

Yin (2014) puts forward that they can be structured, semi-structured or unstructured 

depending on what type of questions the researcher wants to ask (Hancock & Algozzine, 

2011; Yin, 2014). According to Hancock and Algozzine (2011), semi-structured 

interviews are preferred when conducting a qualitative research. The semi-structured 

interview contains predetermined but flexible questions and the researcher has the 

possibility to ask follow-up questions (Hancock & Algozzine, 2011). The use of open-

ended questions requires that the researcher has some knowledge about the phenomena 

studied so that specific questions can be asked, but it has the advantage of allowing more 

flexibility than a structured interview (Merriam, 1998). 

As put forward by Creswell (2013) and Hancock and Algozzine (2011), when 

conducting interviews, the interview setting and recording should be considered. In 

terms of interviews it can be conducted in person, over telephone or by using email 

(Creswell, 2014). According to Mann and Stewart, cited in Bryman and Bell (2013), 

when interviews are conducted using email it is important that the researcher expresses 

that the answers are highly important. An important thing that the researcher should 

consider when designing interviews online is whether all questions should be sent at 

once or if only a part of the questions should be sent. Both methods have positive and 

negative factors (Bryman & Bell, 2013). Things to consider when doing interviews 

online is that it is harder to ask follow-up questions and also to read the situation 

(Bryman & Bell, 2013). Related to this, Hancock and Algozzine (2011) states that the 

researcher must make sure that the interviewee understand what the information from 

the interview should be used for and Yin (2014) also puts forward that the researchers 

have to make sure to have the consent by participants to use the provided information. 
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The study used email as the primary way to conduct the interviews. The interviews were 

designed in a way that after the authors had contacted different participants to see 

whether they were willing to be part of the study, the authors then sent an email with all 

questions. The interviews were semi-structured with open-ended questions based on the 

topics of the frame of reference. This enabled the authors to gather more information 

than if structured questions were used, since the authors did not have enough knowledge 

to cover everything with structured questions. If needed, the authors emailed follow up 

questions. One important thing that the authors included in the emails was a paragraph 

stating that the participants were to inform the authors on how they wanted the 

information to be presented. The participants were to state whether their names could be 

used or if they wanted to be anonymous. The interviewee could also indicate whether 

any information was confidential. 

2.4 Data Presentation 

As put forward by Creswell (2013), in order to analyse a case, the case context has to be 

described in detail, this to be able to interpret the data and locate patterns. In order to 

visualise the collected data and information the authors used process mapping. This was 

done to provide the reader with an overview of the flow of GoOs in Sweden, from 

initiation through trading and finish with the usage of the GoO. As stated by Klotz, 

Horman, Bi and Bechtel (2008), the process map is a tool to use when in need to visualise 

activities and increase transparency in a process. The process map allows for visualising 

the flow of elements and activities in the direction of the work done (Klotz et al., 2008).  

The process map should, according to Klotz et al., (2008, p. 625). “what will be done, 

who will do it, when and where it will be done, and who or what depends on it being 

done” and Biazzo, (2002, p.42) states a process map to be “…a model that shows the 

relationships between activities, people, data and objectives involved in the production 

of a specified output”. Slack, Brandon-Jones, Johnston, and Betts (2015) explains that 

process mapping is a tool to describe how activities relate to each other by using different 

type of symbols. The authors identify that the most common features of process mapping 

techniques involve the visualisation of activities within a process as well as a 

visualisation of the flow of materials, people an information within the process. 
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In order to provide the reader with a visualisation of the flow of GoOs and the how the 

trading is conducted in the most straightforward way, the authors adopted process 

mapping. By doing so, the different stakeholders’ part in the flow of GoOs and in the 

trading process could be presented together with the associated costs and information 

flows between them. 

2.5 Data Analysis 

Drawing from the research design, the collected data was analysed through the lens 

developed from the frame of reference. In terms of analytical techniques, Yin (2014) 

describes five normally used analytical tools for case studies; pattern matching, 

explanation building, logical models, cross-case synthesis and time-series analysis. In 

the explanation building, which could also be referred to as the process tracing, the 

researcher tries to use the case data to create an explanation of the case (Yin, 2014) and 

this was also deemed the most appropriate tool to use for this study. 

2.6 Quality of the Study 

As stated by Merriam (1998, p. 198), “Ensuring validity and reliability in qualitative 

research involves conducting the investigation in an ethical manner”. The validity of 

the study is how well the researcher has checked the accuracy of the findings (Creswell, 

2014). The reliability refers to how well another researcher can duplicate the research 

process (Creswell, 2014). 

2.6.1 Validity 

The construct validity refers to how the researcher is able to use the appropriate 

measurement methods for the study (Yin, 2014). In terms of increasing the construct 

validity of the study the researcher can try and increase it by using several different types 

of information sources to shed light on a problem (Creswell, 2013; Merriam, 1994, 1998; 

Yin, 2014). This is also called triangulation (Creswell, 2013; Merriam, 1994, 1998). In 

addition to triangulation, the researcher can create a chain of evidence allowing the 

reader to follow how the researcher has initiated the research questions up to the final 

conclusions (Yin, 2014). 
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Lastly, the researcher can increase the construct validity by enabling key people or 

outsiders to read the study before it is finished and review the research (Yin, 2014). This 

could be done with peer debriefing, which is when the researcher involves an outsider 

to read and comment the findings (Creswell, 2014; Merriam, 1994, 1998). Member 

checking refers to parts of the study being brought back to participants so they can check 

the accuracy (Creswell, 2014; Merriam, 1998). 

Based on the suggestions by Creswell (2013), Merriam (1994, 1998) and Yin (2014) the 

authors used multiple information sources to cope with the construct validity. In 

addition, the authors sent the detailed GoO process map back to the two governmental 

bodies, which are part of the GoO market. This to get feedback from two governing 

bodies on whether the map was a representative visualisation of the flow of GoO and 

the trading process. 

The internal validity of a study is how well the study reflects the reality of the 

phenomena it is studying (Merriam, 1998). In terms of the way the study reflects the 

reality, some concerns are how well the researcher can collect and analyse data since the 

researcher is the primary instrument for data collection. Another concern related to 

qualitative research that uses interviews is whether another researcher would get the 

same results (Merriam, 1998). One thing the researcher can do in terms of the internal 

validity is to present for example the researchers’ past experience (Creswell, 2013; 

Merriam, 1994, 1998). To cope with the internal validity the authors designed the 

interview strategy based on recommendations from previous literature. 

Merriam (1998, pp. 206) state that “External validity is concerned with the extent to 

which the finding of one study can be applied to other situations”. One of the downfalls 

by using the case study is that the ability to generalise is limited (Merriam, 1994). 

However, as presented in Merriam (1994, 1998), even if generalisation in case studies 

are limited, the researcher can try and make working hypotheses. 

These hypotheses should state the factors that are case specific and those that could be 

used in broader terms (Merriam, 1994). By doing so, the researcher can make 

suggestions on how the findings can be used in broader terms, even if it is not 

generalisation per say (Merriam, 1994). 
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In terms of coping with the external validity, the authors tried to make a comprehensive 

method chapter to demonstrate how the study was conducted. In terms of 

generalisations, the conclusions presented is mainly working hypotheses rather than 

generalisations. This because all findings are in the context of the Swedish GoO market 

and trading process.  

2.6.2 Reliability 

Merriam (1998, pp. 204) state that “Reliability refers to the extent to which researcher 

findings can be replicated”. The reliability of the study refers to how consistent the study 

is and the researcher should try to increase this by documenting all procedures as 

accurate and as detailed as possible (Creswell, 2014). In terms of the reliability, one way 

to for the researcher to improve it is to present a detailed and thorough description on 

how the research was conducted. This allows for another researcher to adapt the design 

to another case or context (Creswell, 2013; Merriam, 1998). An explanation of the 

adopted research design was the primary way the authors tried to cope with the study’s 

reliability as well as a thorough methodology chapter. 

2.6.3 Ethics 

In terms of ethics, the researcher within qualitative research should be aware of how to 

cope with confidentiality, anonymity and where the information is the researchers own 

internalisation of the findings (Merriam, 1994). Ethics will most likely be of concern 

when data is collected, since a qualitative study in most cases uses interviews as a 

primary source of data (Merriam, 1998). In terms of ethicality, the researcher must 

inform the participants what the information will be used for, that it is voluntary for the 

contacted participants to be part of the study and how the information will be treated in 

terms of confidentiality and anonymity (Bryman & Bell, 2013). 

In terms of the ethical part of the study, the authors reached out to the participants to see 

whether they were willing to be part of the study before conducting the interview. In 

terms of anonymity of the participants, as described under the interview paragraph, could 

choose how they wanted their answers to be presented. All but five participants approved 

to be referred to on a name basis but the remaining preferred to be anonymous. 
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 Hence, due to some participants wanting to be anonymous this was set to be the standard 

for the presentation of the answers from all contacted participants. However, in terms of 

governmental contacts there is only two stakeholders responsible for the issuing and 

controlling of GoOs, so in terms of the answers from them they will be referred to as the 

issuing or governing body. The respondents from these two departments were also 

comfortable with the authors referring to them as such. 
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3. Frame of Reference  

The purpose of this chapter is to present the theories and concepts used in the study. The 

first part presents the market microstructure as well as theories regarding transaction 

costs, transparency and asymmetric information. The chapter will then continue to 

present blockchain technology and smart contracts together with their respective 

advantages and disadvantages. In combination with this previous research on how 

others propose the usage of blockchain is presented. The chapter ends with a summary 

of the frame of reference that will serve as a lens throughout the subsequent chapters. 

3.1 Part I - The Market  

According to O’Hara (2003), markets serve two important functions, liquidity and price 

discovery, which are vital for asset pricing. In regards to liquidity, O’Hara (2003) refers 

to this as the matching of buyers and sellers on the market. In addition, as Foucault et 

al., (2013b) stated, liquidity has several dimensions ranging from trading costs, speed of 

execution, protection against execution risk and the depth available to customers placing 

large orders. The latter, depth, requires numerous participants of both kinds on the 

market in order for it to be liquid (Skaar, 2018). In an illiquid world, an intermediary 

can provide liquidity when a buyer and a seller cannot find each other. However, the 

intermediary is compensated by the spread, which is one example of a transaction cost 

for the traders (O’Hara, 2003; Skaar, 2018). Should the transaction cost be too high 

whilst liquidity low, it could create a barrier to entry (Skaar, 2018). 

Price discovery, according to O’Hara (2003), involves the inclusion of new information 

into asset prices. According to Skaar (2018), new information must be brought to the 

market in a timely and accurate way to ensure efficient price formation. Closely related 

to dissemination and disclosure of information is transparency, according to Skaar 

(2018). As Foucault et al., (2013a) stated, transparency can be extended to the identities 

of the market participants and hence involves issues of anonymity of trading. For an 

efficient market it is required that it produces informative prices whilst being liquid 

(Skaar, 2018). Drawing from this the continuous focus of this subchapter will be on 

transaction costs, transparency and asymmetric information in markets and trading 

processes.  
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3.1.1 Transactions and Transaction Costs 

Williamson (1981) defined a transaction as the event when a good or service is 

transferred across a technologically separable interface. With a well-working interface, 

transfers occur smoothly. As (Williamson, 1981, p. 552) also put it, friction can find its 

economic counterpart in transaction costs and asked; “do the parties to the exchange 

operate harmoniously, or are there frequent misunderstandings and conflicts that lead 

to delays, breakdowns, and other malfunctions?  

As defined by Coase (1992), transaction costs are costs associated with the price 

mechanism to establish efficient exchange in a transaction and can be exemplified by 

costs of bargaining, designing contracts, monitoring and dispute resolution mechanisms. 

Williamson (1979) stated four factors for which there is a general consensus regarding 

transaction costs. First, opportunism is a central concept when studying transaction 

costs. Second, this opportunism is especially important for economic activity, which 

involves transaction-specific investments in both physical and human capital. Related to 

that, and thirdly, efficient processing of information is an important concept. Lastly, 

assessing transaction costs is a comparative institutional undertaking (Williamson, 

1989). 

Drawing from Coase (1937), Dahlman (1979) stated that in order for an exchange 

between two parties to occur, it is necessary for them to search each other out but at the 

cost of time and resources. If establishing contact is successful, the involved parties must 

inform each other of the exchange opportunity, which again requires resources. In this 

bargaining situation, information about willingness to trade on certain conditions are 

revealed as well as decision costs adhering to determining whether these conditions are 

mutually agreeable (Dahlman, 1979). 

Continuing with (Dahlman, 1979) if trade is decided on, there is yet again costs 

associated with policing and monitoring. Costs regarding policing, monitoring and 

enforcing a contract are incurred due to a lack of knowledge as to whether one or both 

parties involved will violate its part. Having this knowledge beforehand, these costs can 

be avoided by contractual stipulations or by avoiding trade with agents known to avoid 

fulfilling their part of the contractual obligations (Dahlman, 1979).   
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As Dahlman (1979) also stated, these three stages of transaction costs (searching, 

informing of opportunity and monitoring) can be reduced down to one single common 

denominator, lost resources due to lack of information. This imperfect information 

regarding existence and location of opportunities to trade, as well as quality and other 

characteristics, give rise to the aforementioned search and information costs (Dahlman, 

1979). 

Another definition of transaction costs by Hendrikse (2003) is that transaction costs can 

be defined as the time and effort necessary to establish a transaction or exchange and 

have the potential to increase costs considerably when there are different parties 

involved in different locations. Examples of these types of efforts can be establishing 

contact and signing agreements. A broader concept of transaction costs, as defined by 

Hendrikse (2003), entails the means needed to negotiate a contract, such as information 

gathering for a bargaining strategy, time needed to enforce a contract and costs for pre-

emptive measures. As discussed by Hendrikse (2003), important aspects of negotiation 

are the numbers of players involved, the patience of the players as well as available 

alternatives and available information. 

On the note of negotiation and issues related to decision power concentrated to one 

individual, Milgrom and Roberts (1990) discussed bargaining problems and three kinds 

of it. The first entails co-ordination problems, the second the aforesaid costs associated 

with collecting information and the third being asymmetric information regarding 

reservation prices of the involved parties. The third kind of issue related to bargaining 

offers possibilities for the misrepresentation of preferences and can result in the 

exchange not taking place, even though it would be preferable. The outcome is, thus, 

that market exchange is efficient when there are no bargaining costs, aligning this with 

the second assumption stated by the Coase theorem (Coase, 1960). 

Both Todorova (2014) and Arrow (1969) looked at how transaction costs can induce 

market failure. From different form of market failures, Todorova (2014) sought to reveal 

the transaction cost character. As defined in the study, transaction costs are the costs of 

using the market mechanism, costs to organize an exchange on the market or to 

overcome the obstacles to an efficient market process.  
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Furthermore, Todorova (2014) also stated that transaction costs may originate from 

technical constraints resulting from the process of negotiations. By this the author mean 

that it might be challenging or even technically impossible to identify all stakeholders 

engaged in or affected by the externality. In addition, it may also be problematic to 

coordinate successfully between them, compensate them and to have negotiations 

involving multiple parties to align interests (Todorova, 2014). 

Also, according to Todorova (2014), cheating and opportunism in market transactions 

are a source of resources being taken away. As defined, costs of locating a partner who 

can provide demanded quality are transaction costs of the ex-ante type. Costs associated 

with monitoring and verification of quality after the contract is signed are defined as ex-

post transaction costs. Together, search costs and enforcement costs form quality 

observance transaction costs (Todorova, 2014). 

Arrow (1969) hypothesized that transaction costs can be regarded as the general reason 

for the nonexistence or failure of markets. On that note, Toumanoff (1984) related two 

types of market failure to transaction costs, with those being market power and 

externalities where these being symptomatic of the existence of transaction costs. 

Moreover, Arrow (1969) identified three sources of transaction costs, namely exclusion 

costs, costs of communication and information and the costs of disequilibrium since it 

takes time to compute optimal allocation. 

In terms of classifying transaction costs, Kissell (2013) put forward a framework for 

classification based on costs associated with investments and trading as well as 

opportunity costs. Kissell (2013) separated and defined transaction costs in economics 

as fees paid by buyer but not received by seller and/or vice versa. In finance, however, 

transaction costs were defined as the premium above or under current market price to 

attract additional sellers or buyers to the market. Overall, Kissell (2013) identified ten 

distinct components of transaction costs: commissions, taxes, fees, spreads, rebates, 

delay cost, price appreciation, market impact, timing risk, and opportunity cost (Kissell, 

2013).  
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As such, investment related costs arise during the investment decision phase. These costs 

occur from the investment decision to the time the order is placed on the market. 

Investment related costs occur due to a lack of communication between for example a 

portfolio manager and a trader or due to delays in selecting proper broker. The longer it 

takes to resolve these issues, according to Kissell (2013), the higher potential for adverse 

price movement and higher investment cost. Furthermore, Kissell (2013) also separated 

between fixed and variable components in financial transactions costs as well as 

labelling them either visible or hidden (non-transparent). The former are the costs with 

a fee structure which is known beforehand. As an example, these can constitute a 

percentage of traded value or as a cost to total volume traded. These are primarily 

attributed to the first four of the ten distinct components of transaction costs, namely: 

commissions, taxes, fees and spreads. The non-transparent transaction costs are, 

conversely, costs whose fee structure is unknown and they comprise of the largest 

portion of total transaction cost. They also have, according to Kissell (2013), the highest 

potential for performance enhancement. 

Kissell (2013) state that trading related transaction costs constitute the largest subgroup 

of transaction costs. These are the costs that occur during the actual implementation of 

the order. As stated by Kissell (2013), these costs cannot be eliminated, however, they 

can be correctly managed. As for opportunity costs, these are the profits or losses as a 

result of not being able execute the order in due time. These arise when the trader is 

unwilling to commit to the trade due to existing market price, insufficient market 

liquidity (not enough sellers for a buy order or vice versa) or both (Kissell, 2013). 

3.1.2 Transparency 

As stated by Madhavan (1996), an important attribute of a trading system is market 

transparency, which was defined by O’Hara (1995) cited in Madhavan (1996, p.255)  as 

‘‘the ability of market participants to observe the information in the trading process.’’ 

Moreover, Madhavan (1996) also stated that transparency, and thus, information, has 

many dimensions such as knowledge about current or historical prices, quotas or 

volumes, the origin of order flow as well as the identities and motivations of market 

participants (Madhavan, 1996). 
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As Bloomfield and O’Hara (1999) stated, issues related to transparency is fundamental 

in the design and regulation of markets. Bloomfield and O’Hara (1999) also noted that 

it can be argued that restricting transparency benefits large traders at the expense of 

smaller traders. In addition, Bloomfield and O’Hara (1999) also brought forward 

arguments that suggested that a restriction of transparency can reduce the speed with 

which market prices adjusts and thereby cause market inefficiencies. Relating to market 

size, Madhavan (1996) proved that market transparency could induce a form of market 

failure even on larger markets. This could occur due to the reduction of the effective 

amount of noise in the market, lowering liquidity and increase price sensitivity to 

undisclosed trades. Conversely, Madhavan (1996) also showed that transparency could 

reduce price volatility and increase market liquidity if the market is sufficiently liquid 

and large, given it does not cause the aforementioned market failures. In such a market, 

with high liquidity, prices become more stable due to transparency and traders do not 

alter their strategies significantly (Madhavan, 1996). 

In the study conducted by Bloomfield and O’Hara (1999), four principles where 

presented on how transparency affect the market. Firstly, trade disclosure significantly 

improved information efficiency on the market. Second, as a result of trade disclosure, 

opening spreads were widened dramatically due to market makers’ reduced need to 

compete for order flow. Later rounds in spreads were reported to be less affected by 

transparency since more information was contained in the market prices. Third, trade 

disclosure benefitted market makers at the expense of informed traders. Lastly, trade 

disclosure had an overall effect on informational efficiency on transaction prices and 

prices converged faster in more transparent markets (Bloomfield & O’Hara, 1999). 

Another study by Bessembinder, Maxwell, and Venkataraman (2006) showed that 

improved transparency has the potential to reduce costs in a market for mainly two 

reasons. Firstly, improving transparency might potentially reduce the rents of market-

makers. Secondly, improve transparency can also improve customers’ ability to control 

and evaluate trade execution costs. Moreover, Bessembinder et al., (2006) also stated 

that improved transparency could decrease market-making costs. Bessembinder et al., 

(2006) also defined security market transparency as to the amount of information 

regarding the conditions on the market and its transactions made public on a timely basis. 
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Moreover, Bessembinder et al., (2006) divided transparency into pre-trade transparency, 

such as unexecuted orders, and post-trade transparency which was defined as data about 

completed trades. 

In 2014, Manzano and de Frutos analysed the implications of pre-trade transparency on 

market performance. As Manzano and de Frutos (2014) stated, there is a broad 

agreement that transparency is of importance since it affect the informativeness of the 

order flow and thus the process of price discovery but effects of transparency on security 

markets are complex and somewhat contradictory. The focus of the study was mainly 

that of anonymity, which according to Manzano and de Frutos (2014), is a particular 

aspect of pre-trade transparency. As such, when broker identities are displayed, the 

investors learn about order flows and Manzano and de Frutos (2014) could therefore 

examine the effects of disclosing information regarding composition of the order flow 

to market participants. 

Also by Manzano and de Frutos (2014) was that for competitive markets, transparency 

increases market liquidity as well as reducing volatility in price. However, under 

imperfect competition, the implications of market transparency were ambiguous. 

Moreover, Manzano and de Frutos (2014) found that increased transparency increased 

the preciseness of traders’ predictions. In large markets, Manzano and de Frutos (2014)  

showed that transparency increased liquidity and reduced price volatility but not for thin 

markets. Lastly, the practical implications from Manzano and de Frutos (2014) 

suggested that a change in transparency, which lowers price volatility, does not 

necessarily reduce the execution costs of traders. 

In terms of investigated effects of transparency on different markets, Edwards, Harris, 

and Piwowar (2004), and Asquith, Covert, and Pathak (2013) looked at how different 

levels of transparency affects the bond market.  Edwards et al. (2004) examined the 

effects of transparency on transaction costs for US corporate bonds and found that 

transparency decreased customer transaction costs. As the authors presented, there is a 

discrepancy regarding the outcome of higher transparency on the bond market. 
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It could be argued, according to Edwards et al. (2004), that price transparency will 

facilitate better deterrence and detection of fraud and will improve pricing efficiency 

and competition, thus leading to lower transaction costs. It could also be argued that 

increased transparency will increase dealers’ costs of providing liquidity, resulting in 

less participation, competition, liquidity and therefore higher transaction costs (Edwards 

et al., 2004). 

Edwards et al. (2004), also showed that decreasing transaction costs were generally 

greater for smaller trade sizes, which the authors attribute to the likelihood that larger 

traders already possessed substantial knowledge and thus lower initial transaction costs. 

On that note, Edwards et al. (2004) argued that large traders can negotiate better prices 

because of this information advantage compared to smaller who lack this analytical 

capability. 

In a study by Asquith et al. (2013) the effects of introducing a new over the counter 

reporting called TRACE (the Trade Reporting and Compliance Engine) in the bond 

market was examined. TRACE requires that bond transactions must be publicly reported 

and the information regarding transactions are gathered on a platform publicly available. 

The authors noted that by using TRACE, hence greater transparency, bonds became 

more accessible to retail clients, enhanced market integrity and stability, and provided 

regulators with greater ability to monitor the market. The authors also found that 

increased transparency had limited impact on the trading activity of the most liquid 

segment of the market, whilst high yield bonds experienced significantly greater 

reduction in trading activity. The implications from the study were that increased 

transparency may change the relative bargaining positions of investors and dealers, 

allowing investors to obtain fairer prices at the expense of dealers. The reduced price 

dispersions would also allow investors and dealers to base capital allocation and 

decisions on more stable prices, thus potentially benefit customers. Asquith et al. (2013) 

also concluded that it was not clear that transparency for all instruments is necessarily 

beneficial and the results indicated that transparency affected different segments in the 

same market in different ways. 
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3.1.3 Asymmetric Information 

Closely related to transparency in a market, as defined by O’Hara (1995) as ‘‘the ability 

of market participants to observe the information in the trading process” cited in in 

Madhavan (1996, p.255)  is information and the level of information available to market 

participants. As Spencer (2000a) noted, the transparency of a market is dependent on the 

availability of financial information as well as the speed with which the information is 

reflected in the prices. However, if there is asymmetric information there will be a 

pooling equilibrium according to Spencer (2000c). This is a result of not being able to 

discriminate between good and bad products, only average quality and thus resulting in 

adverse selection, moral hazard and verification problems (Spencer, 2000a, 2000c). 

As stated by Hendrikse (2003), information plays a crucial role in problems regarding 

both coordination and motivation. Especially the latter occurs when not everyone has 

access to the same information, i.e. asymmetric information. In the case of motivation, 

one participant may use the information advantage to serve its own agenda at the 

possible expense of other participants. As for coordination, asymmetric information give 

rise to issues related to information regarding the decisions of other participants. 

Furthermore, the sequence of decisions of the participants can have great impact on later 

choices and the outcome (Hendrikse, 2003). 

According to Hendrikse (2003), a standard representation of situations that arise due to 

asymmetric information is the principal-agent model. In its essence, the model concerns 

the relationship between one actor (the principal) that hires the other (the agent) to 

perform a particular task. The relationship between the two is then governed by a 

contract. Issues arise due to the principal being able to observe the result of the agents’ 

efforts but not the efforts provided and the circumstances surrounding it. As also pointed 

out by Hendrikse (2003), a principal-agent problem possesses three features: an 

available surplus due to the principal being willing to pay more than it costs the agent to 

carry out the task, a conflict of interest and asymmetric information. The latter provides 

interesting and useful insights for the principal-agent problem (Hendrikse, 2003). 
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Another aspect of information asymmetry is hidden action problems, which arise due to 

both parties having the same information during the design of the contract but the 

decision of the agent as well as the circumstances are only known to the agent and not 

observable to the principal once it has been accepted (Hendrikse, 2003). As defined by 

Hendrikse (2003), this is an ex-post information asymmetry. When there is an ex-ante 

information asymmetry, a situation when the agent already has more information during 

the design of the contract, this is defined as a hidden characteristics problem. Perhaps 

one of the most classical examples of a hidden characteristics problem is the market for 

lemons presented by Akerlof (1970). In his seminal work, Akerlof (1970) revealed the 

quality aspects of informational asymmetries and presents asymmetric information and 

inferior quality as the reasons for the disappearance of certain markets. 

As Spencer (2000c) stated, in an ideal market a Pareto-optimal allocation of resources 

is produced but that this requires full information, atomistic agents and no externalities. 

In addition, Spencer (2000c) also stated that one of the key characteristics of a financial 

market is that prices reveal private information and thus helping to reduce information 

asymmetry. The basic problem is, however, when some individuals have access to 

private information which makes them information monopolists. This relates back to 

Akerlof (1970) who showed through adverse selection that private information can 

prevent markets from being established or create a market of low-quality. 

As argued by Spencer (2000a), financial securities should be regarded as credence goods 

since there is a great imbalance of information and therefore trust have to be put in the 

professionals providing the service. According to Spencer (2000a), we are practically 

blind to the process and with that in mind, the market of credence goods is based on 

trust. Also, the type of informational defects in financial markets depend on how easy 

or hard it is to improve information through research. On that note, Spencer (2000a) 

stated that if it is easy to obtain more information, information is endogenous and if it is 

not, it is exogenous. Given the latter, Spencer (2000a) stated that it is relatively easy to 

define the informational structure on financial markets since clients are at a clear 

informational disadvantage to the provider. As such, Spencer (2000a) saw it reasonable 

to characterize such markets in terms of exogenous information. 
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Another perspective can be provided by Blouin and Serrano (2001), who analysed when 

trading occurs on a decentralised market platform. They assumed a market with 

randomly occurring and anonymous pairwise meetings with bargaining between agents, 

that the agents are asymmetrically informed about the value of the good as well as no 

new market entries. This can be contrasted with the centralised market platform where 

buyers and sellers meet on one platform to conduct trade (Blouin & Serrano, 2001). In 

a model of competitive market equilibrium, trade is centralized, and buyers and sellers 

of a particular commodity meet at the same place, trade for same price and takes place 

simultaneously. No trade occurs until it has been made public. According to Blouin and 

Serrano (2001), by moving from a centralized market and instead meet one at a time in 

a decentralized market, asymmetric information can be studied. When the buyer and 

seller meet on this decentralized market, they bargain. If there is no agreement on price, 

they remain on the market but leave if agreement is reached. In the next period, a seller 

meets another buyer and so forth. Through these periods, matching occurs but this search 

is costly, and the agent can opt to give in and agree to the terms, according to Blouin and 

Serrano (2001). 

Moreover, Blouin and Serrano (2001) distinguished between two-sided and one-sided 

uncertainty. The former refers to a situation when both sellers and buyers are uninformed 

whilst the latter refers to one of them being uninformed. Regardless, according to Blouin 

and Serrano (2001), both situations is a case of asymptotic inefficiency which means 

that the lack of information disclosure results in the whole society losing out due to 

excessive delay in learning. Inherent to both two-sided and one-sided information are 

the economic forces such as cost of learning and misrepresentation of information. In 

conclusion, Blouin and Serrano (2001) showed that, given these circumstances, 

information was not aggregated perfectly. Lastly, the authors established that, in the case 

of common values uncertainty, there seemed to be little room for a positive result of 

information disclosure and efficiency of decentralized markets based on bilateral trade 

(Blouin & Serrano, 2001). 
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According to Leuz and Verrecchia (2000), information asymmetries creates costs in 

markets by introducing adverse selection into transactions between buyers and sellers. 

In their study bid-ask spread was used as a proxy to explicitly measure asymmetric 

information. As Leuz & Verrecchia (2000) argued, using bid-ask spreads as a proxy 

addresses adverse selection problems that arise from transacting in firm shares in the 

presence of asymmetrically informed investors. As Leuz & Verrecchia (2000) also 

reasoned, less information asymmetry implies less adverse selection and ultimately 

implies a smaller spread. Lastly, committing to a higher level of disclosure reduced the 

possibility of asymmetric information between a firm and its shareholders and/or 

between potential buyers and sellers according to Leuz & Verrecchia (2000). 

3.2 Part II - Blockchain Technology 

In its essence, as Wright & De Filippi (2015) explained, a blockchain functions as a 

chronological database of transactions recorded by a network of computers. The 

blockchain is encrypted and structured into smaller datasets (blocks) which contains 

information about a certain number of transactions. The blocks also contains a reference 

to the previous block in the chain as well as the answer to a complex mathematical puzzle 

that validates the data associated with that particular block (Wright & De Filippi, 2015).  

Continuing on the explanation from Wright & De Filippi (2015) all participants in the 

network keep a copy of the blockchain stored, which are periodically synchronized and 

thus facilitating that all participant have access to the same shared database. The 

legitimacy of the transactions is facilitated by the network confirming and validating 

new transactions and that they do not invalidate previous transactions. A new block will 

only be added in the end of the blockchain when consensus is reached by the computers 

in the network for example through a proof-of-work mechanism. When added, it cannot 

be altered or deleted and the information contained in the block is accessible and 

verifiable to all participants in the network, resulting in a permanent record that can be 

used to coordinate an action or verify an event (Wright & De Filippi, 2015). 

 



32 
 

Malinova (2016) described blockchain as being a ledger of all transactions for an item 

that is kept in a public, distributed, commonly accessible network. Transactions within 

the blockchain are verified by linking ownership of the transacting parties to public keys, 

which in turn can be thought of as identifiers, albeit anonymous. To verify the 

transactions, multiple parties compete through proof-of-work protocols for a fee. 

Moreover, Malinova (2016) stated that one intrinsic feature of the distributed ledger in 

blockchain technology is the capacity and objective to remove information frictions. 

Another explanation, presented by Risius and Spohrer (2017), put forward blockchain 

technology as a fully distributed system for cryptographically capturing and storing a 

consistent, immutable, linear event log of transactions between actors in a network. The 

actors within the network, explained by Risius and Spohrer (2017), consensually keep, 

update and validate transactions in the network, functionally similar to that of a 

distributed ledger. A distributed ledger being a database that can be shared across several 

different networks regardless of sites, geographies or institutions (Walport, 2016). In 

such a network, blockchain technology enforces transparency and guarantees eventual, 

system-wide consensus on the validity of an entire history of transactions (Risius & 

Spohrer, 2017).  

Once the information is entered into the system, it can never be erased and thus creating 

a verifiable record of every single transaction ever made within the chain (Crosby et al., 

2016). For many, Bitcoin is the most well-known example that utilizes the technology. 

Albeit controversial, the underlying blockchain technology has worked and is gaining 

traction in both the financial as well as the non-financial world (Crosby et al., 2016). 

The Fundamentals of Blockchain Technology 

Simply put, drawing from the explanation in Crosby et al., (2016) and by using the case 

of digital currency, blockchain technology could enable person A to send money to 

person B. The transaction is represented online as a block, which in turn, is distributed 

to all members of the network. These members approve the transaction, i.e. validating 

it, and then the block is added to the chain with full transparency and permanent record. 

Lastly, the money is transferred from A to B. 
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This process removes the typically trusted third party (in the example above; financial 

institutions) and their duties to validate, safeguard and preserve transactions. The lack 

of a third party is dealt with by using cryptographic proof for the two parties. Through a 

digital signature each transaction is protected, then sent to a “public key” of the receiver 

and then digitally signed using the “private key” of the sender. Proving ownership of 

this “private key” is what allows the owner to spend the money. (Crosby et al., 2016) 

There are two different methods of achieving network consensus in a blockchain 

(Sikorski, Haughton, & Kraft, 2017). The first, proof-of-work, is dependent on the 

computing power of the miner in order to verify and publish transactions. Mining refers 

to the process of verifying transactions and publishing blocks and thus, a miner is the 

one performing this operation (Sikorski et al., 2017). 

In contrast, the proof-of-stake is dependent on the stake already possessed by the miner 

in order to verify and publish transactions. This results in verification being performed 

by the nodes with the largest stake in network (Sikorski et al., 2017). Verification in this 

consensus mechanism is carried out by the nodes with the largest stake in the network 

as its correct operation is in their best interest. In contrast to proof-of-work, this 

mechanism enjoys reduced energy consumption. However, it can suffer from “nothing 

at stake” problems where the result is leading to consensus never resolving (Sikorski et 

al., 2017). 

In addition to consensus mechanisms there are different levels of how open a blockchain 

network is and according to Sikorski et al., (2017), a permissioned blockchain is a 

blockchain whose use is restricted to only known, vetted participants. In contrast, a 

permissionless blockchain is a blockchain that is accessible to anyone who wishes to use 

it. There is also private blockchains, which limits read access to particular users and 

conversely, a public blockchain that grants read access and ability to create transactions 

to all users. In short, there are numerous versions suitable depending of the overall goal 

of the blockchain (Sikorski et al., 2017). 

 



34 
 

Drawing from the five basic principles on how blockchain work by Iansiti and Lakhani 

(2017, p.125). A blockchain works like a Distributed Database since it allows all parties 

in the network to access the complete database and its entire history. Moreover, all 

parties can verify the records of its transaction partners directly, and thus making an 

intermediary unnecessary. Secondly it allows for peer-to-peer transmission where the 

peers in the chain communicate directly between each other without having to go 

through a central node. This is then resulting in that each node is stored and the 

information is forwarded to all other nodes. 

Third, a blockchain allows for transparency with pseudonymity since each participant 

receives a unique address for identification which is used for the transactions on the 

blockchain. The participants can then choose to be anonymous or identify itself to others. 

Blockchain also allow for irreversibility of records which means that once a transaction 

is entered to the database and the transaction is linked to the chain it cannot be altered. 

This because the transaction is linked to all the transactions that occurred before. Lastly, 

given the nature of the ledger, blockchain allows for computational logic which means 

it enables for blockchain transactions to be tied to computational logic and thus being 

able to be programmed. This means that users can set up rules and algorithms that 

automatically trigger transactions between nodes (Iansiti & Lakhani, 2017). 

Advantages and Disadvantages of Blockchain Technology 

Blockchain technology have been, according to Malinova and Park (2016), a buzz since 

its inception. The advantage of using it, according to Malinova and Park (2016), stems 

from its ability to pave way for new business models and organizations since it allows 

for efficient transactions with potentially untrustworthy parties without a third party. The 

ruling hypothesis is that blockchain technology enables a consensus and involved parties 

can verify a digital event with certainty through an irrefutable record, thus promoting a 

trust-free economy and automatic business transactions (Beck, Stenum Czepluch, 

Lollike, & Malone, 2016; Christidis & Devetsikiotis, 2016; Glaser, 2017; Puschmann & 

Alt, 2016). According to United Nations Development Programme (2018), benefits of 

blockchain are immutability, security, verifiability, resilience and transparency. As 

Malinova and Park (2016) noted, there is a built-transparency in blockchain technology. 
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Mengelkamp, Notheisen, Beer, Dauer, & Weinhardt (2018) put forward that some 

advantages of using a blockchain is the reduction of a needed intermediary, transparency 

and equality among agents, an irreversibility of transactions and cost-efficient 

transactions. 

Moreover, blockchain technology also provides a solution for the Byzantine General’s 

Problem where different parties do not trust each other (due to one general being a 

traitor) but need to have a communication mechanism to reach consensus. The 

blockchain technology solves this by removing trust in the other party, i.e. making it a 

trustless system, and instead require trust in the blockchain protocol software system 

itself (Swan, 2015). As Sikorski et al. (2017) explained, this is dealt with when each 

node generates a private-public key pair and publishes the public key. Responses from 

other nodes passes through one node and are signed by the node for verification. When 

an adequate amount of identical responses is recorded, consensus about the issue at hand 

is reached. This results in a method that provides fast and efficient consensus 

convergence according to Sikorski et al. (2017). Nevertheless, the system is required to 

be set up by a central authority, alternatively through closed negotiations, and all 

involved parties need to decide on the exact list of participants (Sikorski et al., 2017). 

As Wright and De Filippi (2015) explained, before the invention of blockchain 

technology it was not possible to coordinate single activities without a centralized body 

guaranteeing the quality of the data. Due to this, unrelated individuals were not able to 

confirm that an event had occurred without relying on the central body guaranteeing the 

transaction in question. With blockchain technology, information over a network of 

computers is forced to become more transparent and verifiable through the 

aforementioned mathematical puzzle solved by considerable computational power. In 

doing so, it is challenging for potential attackers to corrupt the shared database with 

incorrect information or if they do not possess the majority of the total computational 

power of the network (Wright & De Filippi, 2015). 
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As for disadvantages, Beck et al., (2016) stated the transaction time as being one of them 

since it needs to go through and be submitted to the blockchain before balances can be 

updated, which can hinder universal acceptance of blockchain. This issue can be 

avoided, as Beck et al., (2016) noted, by introducing a centralized service, which would 

then minimize the transaction time. This would, however, be counterintuitive concerning 

the sought after decentralized features of blockchain and would compromise 

transparency, trust and security (Beck et al., 2016). 

A second disadvantage, or issue, concerning blockchain is its scalability, since achieving 

the security of the blockchain requires a great number of nodes (Beck et al., 2016). On 

that note, Mengelkamp, Notheisen, et al. (2018) stated that there is a trade-off between 

the correctness of information and computational costs. When all participants are 

known, a less costly mechanism can be used but these mechanisms may be insufficient 

for broader adaptations. Intrinsic to its decentralized nature, it is also costly to run the 

blockchain and the cost is also more prominent compared to a centralized model and 

where the company incorporates the cost in the end price for the consumer making it 

more hidden (Beck et al., 2016). Moreover, blockchain is still a novelty and is expected 

to encounter more challenges (Mengelkamp, Notheisen, et al., 2018) whilst their 

technical protocols and implementations are deemed highly complicated (Beck et al., 

2016; Glaser & Bezzenberger, 2015). 

Mengelkamp, Notheisen, et al. (2018) also put forward some disadvantages such as the 

need for a complex technology which may not be mature enough today, the need for the 

society to address the new technology and problems regarding the high energy 

consumption when trading in real time which will affect the scalability (Mengelkamp, 

Notheisen, et al., 2018). 
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3.2.1 Smart Contracts 

Even though the most well-known application is that of cryptocurrency, blockchain 

technology also enables for transactions to comply with programmable rules, thus 

creating smart contracts (Risius & Spohrer, 2017). According to Tschorsch (n.d.), this 

feature establishes the trust element without relying on a middleman. 

In 1996 the smart contract was firstly introduced by Nick Szabo (Szabo, 1996). In short, 

a smart contract is a programmed code that automatically will perform some function 

when triggered by an event (Cant et al., 2016; Hileman & Rauchs, 2017; Shermin, 2017; 

Sillaber & Waltl, 2017; Ølnes, Ubacht, & Janssen, 2017) and pre-defined conditions are 

met (Cuccuru, 2017; Giancaspro, 2017; Shermin, 2017; Sillaber & Waltl, 2017; Ølnes 

et al., 2017). In addition, smart contracts can also be programmed to account for external 

inputs from beforehand approved trustworthy sources. This may be to buy or sell stocks 

given a certain threshold or a seller getting paid for a good when it is delivered. These 

inputs are supplied by “oracles”, defined as independent computer programs monitoring 

the desired off-blockchain data, and inform the linked smart contract with the 

information (Cuccuru, 2017). 

According to Hileman and Rauchs (2017), smart contracts in a distributed ledger 

technology context could be used as a tool to automate numerous business processes 

across different entities. The main difference, compared to a traditional database 

architecture, is that smart contracts can be executed and guaranteed by a system of rules 

as well as having a verifiable and auditable outcome for the participants in the network 

(Hileman & Rauchs, 2017). The code in the smart contract can represent the ownership 

of any asset or data and the smart contract can also include information such as personal 

data, rights, certificates and so on (Cuccuru, 2017). When the smart contract is placed 

on the ledger they follow the encoded rules until the predetermined conditions are met 

(Cuccuru, 2017) and the transactions are stored on the blockchain (Sillaber & Waltl, 

2017). As defined by  Sklaroff (2017), smart contracts are decentralized agreements and 

are a part of a decades long pursuit to deal with inefficiencies concerning traditional 

written agreements.  
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The Fundamentals of Smart Contracts 

As Mik (2017) stated, smart contracts concern transactions and not the generation of 

new tokens as in the case of cryptocurrencies. This can be exemplified in a simple way 

with smart contracts being regarded as self-executing ledger-modification instructions, 

e.g. “if X occurs, send Y amount of tokens from public address A to public address B” 

(Mik, 2017). As defined by Cuccuru (2017), smart contract is a non-legally binding 

contract in a technical sense and rather an instrument for their conclusion or automatic 

enforcement: a channel for the execution of online agreements, not really agreements in 

themselves. Similar to Cuccuru (2017), Mik (2017) and Sillaber and Waltl (2017) further 

elaborated on the principles of smart contracts with the basic notion “if x then y”. 

The lifecycle of a smart contract starts with the creation of the contract where the parties 

involved need to determine the conditions of the contract (Sillaber & Waltl, 2017). The 

negotiation part of the conditions in the contract is similar to a regular contract 

negotiation where there will be multiple interactions between the involved stakeholders 

before the final conditions are determined and finalized (Sillaber & Waltl, 2017). Once 

the conditions are determined, these are transferred into code and the contract is 

implemented in a block in the network (Cuccuru, 2017; Sillaber & Waltl, 2017) and 

verified by the nodes in the chain (Sillaber & Waltl, 2017). To ensure the flow within 

the network, a fee is paid to the miners that secure the blocks within the (Sillaber & 

Waltl, 2017). When implemented on the network, any participant with a wallet (i.e. those 

that can participate in a transaction) can now see and execute the smart contract (Sillaber 

& Waltl, 2017). 

Drawing from Cuccuru (2017), Mik (2017) and Sillaber and Waltl (2017), imagine a 

transaction of a license (x) from party A to party B. A creates a smart contract where the 

license is permanently attached and that it should be released given certain conditions, 

for example the transfer of y, and launches it into the blockchain. When launched, it 

becomes independent and cannot be affected by the parties, thus manages and reduces 

fear of non-compliance from the other party. When B wishes to acquire the license, y is 

transferred to the protocol, which triggers the event and the contract algorithm releases 

x to party B and y to party A. 
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When one side of the agreement is fulfilled the other side is autonomously performed, 

without any delays and need for a third party, by the computer protocol resulting in an 

all-or-nothing trade (Cuccuru, 2017; Mik, 2017; Sillaber & Waltl, 2017). 

Advantages and Disadvantages of Smart Contracts 

As for advantages Sklaroff (2017) puts forward that, in contrast to traditional written 

agreements, the scripting languages of smart contracts offer a wider range of operations 

as well as greater scalability. In addition, smart contracts are capable of integrating with 

operational and financial systems seamlessly. Moreover, by employing smart contracts, 

parties can utilize performance standards, generally defined contract terms and 

enforceable agreements without complete knowledge of future events. When employing 

standards, parties can incorporate commercial customs into the agreement whilst 

avoiding time consuming negotiation (Sklaroff, 2017). 

Cant et al. 2016 and Sillaber and Waltl (2017) stated that smart contracts allows 

transactions to be carried out between parties in the blockchain network without 

necessary knowing and trusting each other and thus, eliminating the middle men’s 

purpose of acting as a proof of trust between two parties (Shermin, 2017). On that note, 

and as described by Mik (2017), the core idea of smart contracts is closely tied to the 

elimination of human judgement, the reduction of dependence on financial 

intermediaries and, in many instances, a detachment from the legal system. Simply put, 

smart contracts can be seen as part of the broader trend to use technology to ensure a 

consistent application of legal rules and agreements (Mik, 2017). 

The benefit of using a smart contract with an automatically enforceable transaction is, 

according to Cuccuru (2017 and Shermin (2017), that it can lower the transaction costs 

since the use of a middle man can be replaced with a machine consensus. By using 

machine consensus and coding, the risk of misunderstandings due to communication 

problems could be lowered as well (Cuccuru, 2017). Another advantage of the smart 

contract is that when created they cannot be changed, they will be visible for everyone 

on the network and they will self-enforce (Cuccuru, 2017; Hileman & Rauchs, 2017).  
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The use of an automatically enforcing computer controlled contract makes the 

transactions independent from the parties, which reduces the risk of non-compliance 

issues (Cuccuru, 2017). 

The advantages can also be seen as disadvantages in terms of confidentiality, privacy 

and the high network burden (Hileman & Rauchs, 2017). The benefit of using a smart 

contract is that it relies on a programmed code to run the transaction (Hileman & Rauchs, 

2017). The use of a programmed code will therefore require that the users of the contract 

obtains sufficient knowledge and capabilities to use this type of coding (Cuccuru, 2017). 

If not, the users of the smart contract have to rely on a third party setting up the 

blockchain network and the interface for the smart contract in a user-friendly way so 

that the smart contract is understandable for the main users. This may lead to the main 

user having to rely on collaboration with specialists which could increase the amount of 

expertise and people involved in the transactions (Cuccuru, 2017). Therefore, even if the 

transaction costs of using a smart contract could be lowered, the cost of design and 

implementation may rise (Cuccuru, 2017).  

The power of using a code could also be, according to Cuccuru (2017), a limitation in 

other terms. A smart contract is designed so that when predetermined conditions are met 

the contract is executed. This means that the contract has limited amount of flexibility 

when released on the network. Therefore, a contract including levels of flexibility will 

be hard to design when using a code, for example when parties are using incomplete 

contracts or relational based contracts (Cuccuru, 2017). As put forward by Cuccuru 

(2017), the smart contract could be suitable for transactions that are characterized by 

standardized terms and measurable conditions. 

As stated by Sklaroff (2017), that while smart contracts deal with inefficiencies of 

traditional agreements, they also give rise to new inefficiencies. In addition, Sklaroff 

(2017) also presents three features of smart contracts as being the cause of the 

inefficiencies. First, automation, which demands that every agreement needs to be form 

based on fully defined terms. Second, decentralization, which conditions that all 

agreements made needs to be verified by third parties. Lastly, anonymity, which 

removes usage of commercial context to give meaning to agreement terms.  
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The conclusions from these three features are, according to Sklaroff (2017), that it is 

extremely costly to form smart contracts in a volatile environment or when the 

agreement is surrounded by some level of uncertainty. 

3.2.2 Previous Implementations of Blockchain Technology and Smart Contracts 

This last part of part II will put forward some potential implementations of blockchain 

technology presented in previous research. In terms of how others have discussed the 

use of blockchain technology, some areas where implementation is discussed is within 

the financial sector (Abeyratne & Monfared, 2016; Crosby et al., 2016; Guo & Liang, 

2016; Malinova & Park, 2016), supply chain networks (Biswas et al., 2017) and the 

energy (Mengelkamp, Gärttner, et al., 2018; Munsing et al., 2017; Wang et al., 2017; 

Zhang et al., 2017). Within the financial sector, Abeyratne and Monfared (2016) 

discussed the use of a blockchain implementation to change financial applications. They 

put forward that by using blockchain to create a decentralised system, stocks and other 

assets can be traded without any controlling body. However, they also put forward that 

blockchain has many other implementation areas, for example smart property, the use 

of smart contracts to control identities, or asset tracking, the use of ownership recording 

in a distributed network. Continuing on the use of blockchain technology in the financial 

sector, Malinova and Park (2016) argued that implementing blockchain technology in 

financial markets offers new options for investors to manage the degree of transparency. 

As argued, a lack of full transparency reduces welfare due to traders paying 

intermediaries and incur costs for dealing with smaller investors (Malinova & Park, 

2016). 

As Malinova and Park (2016) also stated, blockchain technology, and the possibility to 

transfer value digitally and anonymously, will extend options to small investors and thus 

expand the scope of peer-to-peer trading. Secondly, using digital IDs for privacy is 

native to public blockchains. The optimal system, according to Malinova and Park 

(2016), is a private blockchain that offers full transparency, and which mandates a single 

and unique ID per user. By doing so, the proposed system offers privacy by restricting 

access to trusted parties while combining the aforementioned unique IDs for 

transparency.  
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A multi-ID privacy solution, Malinova and Park (2016) argued, improves welfare and 

also provide greater opportunities for investors to find suitable liquidity providers. 

Lastly, the findings from Malinova and Park (2016) were most applicable to trading 

securities, where most costs are associated from finding liquidity and can enjoy the 

features from smart contracts. 

In addition to the financial sector, Abeyratne and Monfared (2016) discussed that 

problems related to transparency and traceability in a supply chain network can be 

countered using blockchain. Blockchain can enable to store key information from the 

beginning through several different stages in the supply chain by having a unique 

number for each product in the network. They argued that the use of such a system 

should be anonymous but that the actors should be certified by a trusted body to get 

access to the system. By allowing all actors access to all relevant information in the 

supply chain the process would become more transparent (Abeyratne & Monfared, 

2016). 

Abeyratne and Monfared (2016) also hypothesized a blockchain ready manufacturing 

supply chain in the production of cardboard boxes. The system proposed by Abeyratne 

and Monfared (2016) facilitated large amount of data to be collected about the products, 

thus enabling better informed decisions by the buyers. It would also provide new insights 

for the organizations involved. By integrating smart contracts, Abeyratne and Monfared 

(2016) argued that more secure transactions would occur. Nevertheless, the technology 

required specific IT infrastructure for all stakeholders to be in place and could prove 

impractical for smaller suppliers. Smart contracts should be implemented to enable 

governance (Abeyratne & Monfared (2016).  

Biswas, Muthukkumarasamy and Tan (2017) tested a blockchain prototype in the supply 

chain of wine supply. The platform used was an open platform of blockchain 

applications, which can be designed to function as a private blockchain. Moreover, as 

Biswas, Muthukkumarasamy and Tan (2017) noted, the solution offers an important set 

of functionalities that enables the user to securely record and retrieve data, timestamps, 

archives and trace.  
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The platform is also easily configurable according to Biswas, Muthukkumarasamy and 

Tan (2017) as well as supporting multiple blockchains and can create and work with 

different blockchains simultaneously. The authors also argued that private blockchains, 

thus the proposed one in the study, would effectively deal with transparency, 

provenance, safety, security and privacy. Sensitive information could be encrypted 

whilst public information could be stored in plain text. Addressing speed of transactions 

could, according to Biswas, Muthukkumarasamy and Tan (2017), be done by having 

some level of trust when miners are pre-selected to the private blockchain. 

Notheisen, Cholewa and Shanmugam (2017) examined blockchain technology in real-

world asset trading of used cars, hence combining new technology with the work done 

by Akerlof (1970). This in order to mitigate adverse selection effects by offering a 

reliable, transparent and complete record of each asset’s history, i.e. converting 

registration certificates into unique digital assets (Notheisen et al., 2017). As argued by 

Notheisen et al., (2017), it made it a transparency device and aided potential buyers make 

better informed purchases. In a more practical sense, and from the user perspective, 

buyers, sellers and involved stakeholders would access the system via a web application 

and the transactions were carried out by an algorithmic process specified by smart 

contracts. This, in turn, would limit human behaviour since it is governed and deployed 

by algorithms. These measures would, according to Notheisen et al., (2017), reduce the 

impact of adverse selection on market efficiency by dismantling asymmetric distribution 

of information between involved parties. Moreover, it would also minimize the buyer’s 

uncertainty about the characteristics of the traded object in question (Notheisen et al., 

2017). 

Previous research on blockchain technology in the energy market is mostly focused on 

electricity trading (Mengelkamp, Gärttner, et al., 2018; Munsing et al., 2017; Wang et 

al., 2017; Zhang et al., 2017). Moreover, Sikorski et al., (2017) looked at how to use a 

blockchain solution to enable machine-to-machine interactions so that consumers could 

trade with prosumers using a proof-of-concept implementation. They argued that the 

implementation of a blockchain solution within the electricity market could reduce 

overhead costs, such as costs associated with purchase agreements, billing etc., and 

increase the speed of transactions.  



44 
 

A similar study was conducted by Mengelkamp, Notheisen, et al., (2018), which 

presented a market design simulation on how decentralized local energy markets can 

trade using a proof-of-concept blockchain solution. By running a simple simulation, 

without transaction costs, they found that there is a potential cost reduction for 

participants in such markets (Mengelkamp, Notheisen, et al., 2018). 

Also, Wang et al., (2017) looked at how the market mechanism in a local energy trading 

based on a blockchain solution could look like. The authors proposed a double auction 

(CDA) transaction mode which uses a “price first and time first” trading book. A 

transaction was to occur between a buyer and a seller if the bid from the buyer were 

higher than the asking bid of the seller, with the trading price being the average of the 

two bids. The matching would continue until an expiration date, at that time the 

unmatched participants were to buy or sell electricity from a bulk power grid at a fixed 

price. The authors put forward that using this type of market mechanism could allow the 

participants to reach market equilibrium due to balancing demand and supply with only 

a small amount of information and computational costs. They also put forward that the 

participants could, by trading electricity using a blockchain solution, lower their 

transaction cost and have more traceable and transparent data security. However, the 

authors argued that in order for participants to trade they would need to be given access 

to the network by a trusted entity, for example the government (Wang et al., 2017). 

Another study on the use of blockchain technology in microgrids were conducted by 

Mengelkamp, Gärttner, et al. (2018). The framework addressed issues such as the need 

to have a reliable information system that connects participants on a market platform, 

controls the market access as well as monitors the market operations. Mengelkamp, 

Gärttner, et al. (2018) concluded that the use of a blockchain solution is suitable but due 

to regulations it might not be possible to implement everywhere. They put forward that 

using a blockchain solution could enable information symmetry between market 

participants and allow for small quantities to be transacted. An advantage, according to 

Mengelkamp, Gärttner, et al. (2018), is that a blockchain solution for trading energy 

would allow the transactions to be secure, transparent and enable smaller quantities to 

be traded. 



45 
 

3.3 Part III - Summary of Frame of Reference 

Drawing from the first subchapter (Foucault, Pagano, & Röell, 2013; O’Hara, 2003; 

Skaar, 2018) state that market efficiency is affected by how liquid the market is and how 

well markets update and receive information. The efficient market is associated with low 

transaction costs as well as transparent and symmetric information.  

Transaction costs are costs associated with the price mechanism to form efficient 

exchange (Arrow, 1969; R. . Coase, 1992; Dahlman, 1979; Todorova, 2014; 

Williamson, 1981) but also costs associated with bargaining and monitoring (R. . Coase, 

1992; Hendrikse, 2003). Transaction costs also refers to costs associated with locating a 

counterpart (Dahlman, 1979; Todorova, 2014) and costs of collecting information 

(Hendrikse, 2003; Milgrom & Roberts, 1987). Lastly, transaction costs can be costs such 

as commissions, taxes, fees, spreads, rebates, delay cost, price appreciation, market 

impact, timing risk, and opportunity cost (Kissell, 2013). 

As established, transparency is important for a trading system (Madhavan, 1996),  

affects the informativeness in order flow (Manzano & de Frutos, 2014) and defined as 

the participants’ ability to observe information in the trading process (O’Hara, 1995 

cited in Madhavan 1996, p.255). Reducing, or restricting, transparency can cause 

inefficiencies and benefit larger traders (Bloomfield & O’Hara, 1999) and anonymity is 

a particular aspect of pre-trade transparency (Manzano & de Frutos, 2014). In more 

transparent markets, disclosure improves information efficiency on the market, benefits 

market makers and transaction prices (Bloomfield & O’Hara, 1999) as well as 

converging prices faster (Bloomfield & O’Hara, 1999; Manzano & de Frutos, 2014; 

O’Hara, 2003; Skaar, 2018), whilst it decreases customer transaction costs (Edwards et 

al., 2004). Increasing transparency can also change the bargaining positions of investors 

and dealers, in favour of the investors (Asquith et al., 2013). Transparency can also 

increase liquidity given it is a large market and not a thin one (Manzano & de Frutos, 

2014; O’Hara, 2003; Skaar, 2018). 

Asymmetric information, when participants in a market cannot receive and evaluate the 

same amount of information (Hendrikse, 2003; Madhavan, 1996; Spencer, 2000b, 

2000c) this can result in parties not being able to discriminate between good and bad 
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products. This, according to Spencer (2000a, 2000c), leads to a pooling equilibrium, 

adverse selection, moral hazard and verification problems. For financial markets, a key 

issue in terms of amount of information is related to price revelation and a inefficiencies 

arise when some individuals are information monopolists (Spencer, 2000c). 

Informational defects in financial markets depends to what extent information can be 

improved through research (Spencer, 2000a). As stated by Leuz and Verrecchia (2000), 

committing to disclosure reduces possibilities of asymmetric information between 

parties. Another aspect of asymmetric information is the potential of a principal-agent 

problem when a principal is paying the an agent more than the cost of the agent to carry 

out the task  (Hendrikse, 2003). In this, a hidden characteristics problem arises when an 

agent possesses more information than the principal ex-ante, which influences both 

coordination and motivation (Hendrikse, 2003). 

Drawing from the second subchapter table 2 presents a summary of blockchain 

technology and smart contracts, the fundamentals of as well as the respective 

advantages and disadvantages.  

 

 

 

 

 

 

 

 

 

 



47 
 

       

 

 

B
lockchain technology

A
dvantages

D
isadvantages

C
onsistent,

im
m

utable,
linear

event
log

of
transactions

betw
een

actors in a netw
ork (Risius &

 Spohrer, 2017)
Efficient

transactions
w

ith
potentially

untrustw
orthy

parties
w

ithout a third party (M
alinova &

 Park, 2016)
Transaction

tim
e,scalability

issues
and

costly
to

run
(Beck

etal.,
2016)

C
onsensually

kept,
updated

and
validated

transactions
in

a
netw

ork,functionally
sim

ilarto
thatofa

distributed
ledger(Risius

&
 Spohrer, 2017)

Trust-free
econom

y
and

autom
atic

business
transactions.

(C
hristidis &

 D
evetsikiotis, 2016; Beck et al., 2016)

Trade-off
betw

een
the

correctness
of

inform
ation

and
com

putationalcostsand
a

novelty
(M

engelkam
p,N

otheisen,etal.
2018)

A
ledger

ofalltransactions
for

an
item

thatis
keptin

a
public,

distributed,
com

m
only

accessible
netw

ork
(M

alinova
&

Park,
2016)

Im
m

utable,
secure,

verifiable,
resilient

and
transparent

(U
nited N

ations D
evelopm

ent Program
m

e, 2018)
H

ighly
com

plicated
technicalprotocolsand

im
plem

entations(Beck
et al., 2016; G

laser &
 Bezzenberger, 2015)

D
istributed

database,
peer-to-peer

transm
ission,

transparency
w

ith
pseudonym

ity,irreversibility
ofrecords,

com
putationallogic

(Iansiti &
 Lakhani, 2017)

Transparent,
equal

am
ong

agents,
irreversible

and
cost-

efficienttransactions
and

no
interm

ediaries
(M

engelkam
p

et
al., 2018)

Solution for the Byzantine G
eneral’s Problem

 (Sw
an, 2015)

Sm
art C

ontracts
A

dvantages
D

isadvantages

Program
m

ed
code

autom
atically

perform
ing

a
function

w
hen

triggered
by

an
eventand

pre-defined
conditions

are
m

et(C
antet

al.,2016;C
uccuru,2017;G

iancaspro,2017;H
ilem

an
&

Rauchs,
2017; Ø

lnes et al., 2017; Sherm
in, 2017; Sillaber &

 W
altl, 2017)

O
ffers

a
w

ider
range

of
operations

as
w

ell
as

greater
scalability.

Parties
can

utilize
perform

ance
standards,

generally
defined

contract
term

s
and

enforceable
agreem

ents
w

ithoutcom
plete

know
ledge

of
future

events.
A

voids tim
e consum

ing negotiation (Sklaroff, 2017).

Requiresthatthe
usersobtain

sufficientknow
ledge

and
capabilities

to
use

this
type

ofcoding.Reliance
on

third
parties

ifinsufficient
know

ledge
could

lead
to

low
ered

transaction
costs

butthe
costof

design
and

im
plem

entation
m

ay
rise.Lim

ited
am

ountofflexibility
(C

uccuru, 2017). 

Transactions stored on the blockchain (Sillaber &
 W

altl, 2017).
Elim

inates
the

m
iddle

m
an’s

purpose
oftrustbetw

een
tw

o
parties (Sherm

in, 2017).
Issues

for
confidentiality,

privacy
and

the
high

netw
ork

burden
(H

ilem
an &

 Rauchs, 2017).

D
ecentralized agreem

ents (Sklaroff, 2017).
Low

ers transaction costs (C
uccuru, 2017; Sherm

in, 2017).
G

ive
rise

to
new

inefficiencies.
C

ostly
to

form
in

a
volatile

environm
entor

w
hen

the
agreem

entis
surrounded

by
som

e
level

of uncertainty (Sklaroff, 2017).
Executed

and
guaranteed

by
a

system
of

rules
that

have
a

verifiable
and

auditable
outcom

e.
A

n
all-or-nothing

trade.
Program

m
ed

to
account

for
external

inputs
from

beforehand
approved trustw

orthy sources (C
uccuru, 2017).

Low
ered

risk
ofm

isunderstandings
and

reduces
the

risk
of

non-com
pliance issues (C

uccuru, 2017).



48 
 

In terms of research on how blockchain technology can be used, one area of research 

has been its use within the financial sector (Abeyratne & Monfared, 2016; Crosby et al., 

2016; Guo & Liang, 2016; Malinova & Park, 2016) were it was found to enable asset 

trading without any controlling body (Abeyratne & Monfared, 2016) and offers new 

options for investors to manage the degree of transparency and reduce costs originating 

from finding liquidity (Malinova & Park, 2016). One proposed system is to have a 

private blockchain that offers full transparency (Malinova & Park, 2016). Supply chain 

networks was another area discussing the use of blockchain technology (Abeyratne & 

Monfared (2016); Biswas, Muthukkumarasamy and Tan (2017) where it was put 

forward that it can enable customers to make better decisions but that blockchain 

technology requires a new technological infrastructure to be adapted. 

Previous research on usage of the technology have also been in the context of the energy 

industry (Mengelkamp, Gärttner, et al., 2018; Munsing et al., 2017; Wang et al., 2017; 

Zhang et al., 2017), where it was found that using blockchain technology can reduce 

overhead costs and increase the speed of transactions (Sikorski, Haughton, & Kraft, 

2017). A blockchain solution can also allow participants to reach market equilibrium 

due to balancing demand and supply with only a small amount of information and 

computational costs (Wang, Wang, Zhou, & Chi, 2017). Furthermore, it can enable 

information symmetry between market participants and allow for small quantities of 

energy to be transacted (Mengelkamp, Gärttner, et al., 2018). Lastly, previous research 

on the usage of blockchain in the context of trading used-cars put forward that 

blockchain technology can mitigate adverse selection effects by offering a reliable, 

transparent and complete record and act as a transparency device (Notheisen, Cholewa, 

& Shanmugam, 2017).  
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4. The Case of Guarantees of Origin in Sweden 

The chapter will start with an introduction to the Swedish energy industry and how 

Guarantees of origin relates to energy production. This is followed by a broad 

introduction to Guarantees of Origins and the fundamentals of this tracking system. The 

second half of the chapter will go in-depth into the Swedish GoO market, the flow of 

GoOs and the trading process. The start of that subchapter will provide an overview of 

the Swedish market and its stakeholders. This is followed by interviews conducted with 

the stakeholders in the Swedish market as well as presenting a process map over the 

flow of GoOs and trading in Sweden. 

4.1 The Case Context – the role of GoOs in the energy industry 

The energy industry is divided into two different flows, the physical flow and the 

financial flow (Energimarknadsinspektionen, 2017a).  When an end customer receives 

and pays an invoice of the consumption of energy, it concerns the transfer of physical 

energy to her on the grid, the physical flow, as well as the amount of consumed energy, 

the financial flow (Svenska kraftnät, 2017). The picture below is a visualisation of the 

two flows in the Swedish energy industry: 

 

Figure 3; The physical and financial flow in the energy industry. Source; Svenska 
Kraftnät (2011, pp.8) 
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The first flow, the physical flow, is the flow of electricity from the producer through 

different types of power plants to the end consumer (Svenska kraftnät, 2017b).  During 

the transport to the end consumer, the energy goes through different types of grids such 

as the national grid as well as regional and local grids, which transforms the energy into 

different voltages (Bioenergiportalen.se, 2010). The physical flow always have to be in 

balance for the power grids to work and cannot be overbalanced (Lindholm, 2017b). 

The production of energy can be from several different sources such as wind, water, 

nuclear, solar and biomass (E.ON, 2018). The produced energy can originate both from 

a traditional energy producer as well as prosumers (Adamsson et al., 2018). A prosumer 

is a producer of energy that both produces and consumes energy (Adamsson et al., 2018; 

Lindholm, 2017c). The prosumer will buy electricity from the grid when it cannot 

produce enough itself and sell electricity to the grid when she has excess capacity (Šajn, 

2016). The prosumer can also be referred to as a micro producer, which is a prosumer 

that consumes more energy than it produces each year (Energimyndigheten, 2014). In 

Sweden, a micro producer can add and distribute a maximum of 30,000 kWh each year 

in the grid (Solkollen, n.d.), and the energy source mostly used by micro producers is 

solar energy (Lindholm, 2017d). 

The second flow in the flow of energy is the financial flow, which is the buying and 

selling of energy in the market. The price that the end-consumer sees on the invoice, the 

consumption of energy, is based on the spot-market price that an energy company has 

bought the energy for at the market (Energimarknadsinspektionen, 2017a; Lindholm, 

2017a; Svenska kraftnät, 2016). The price of energy is reflected by several different 

factors such as the weather, the production and so on (Lindholm, 2017a) and is 

determined by supply and demand on the market (Svenska kraftnät, 2017a). The price 

on the market is however not determined by the origin of the energy (Barkeman, 2016). 

The processes so far, the physical and financial flow of energy, has demonstrated how 

energy will be transported to the end customer and how the end customer pays for the 

energy.  
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The energy in the system is produced from many different sources and transported to 

several different end consumers through the connected grid (Association of Issuing 

Bodies AiSBL, n.d.-d). This will not allow the end consumer to know where the energy 

originates from, (Association of Issuing Bodies AiSBL, n.d.-d; Lise, Timpe, Jansen, & 

Ten Donkelaar, 2007) since the energy cannot be physically tracked (M.Amelin, 

personal communication 19th march 2018; Elpriskollen.se, 2016). Amelin (personal 

communication 19th March 2018) explains that the challenge of tracking energy can be 

compared to trading water; 

“A water trading transaction means that the producer and the consumer agree on a 

volume and then the producer is obliged to pour the agreed volume into the tank and the 

consumer is obligated to fetch the same volume from the tank (these actions do however 

not have to occur simultaneously). If there are many water transactions at the same time, 

it will be impossible to discern from which producer the water is purchased by a certain 

consumer is actually coming, as all the water will be mixed in the tank. This is also the 

case for a power system, where Kirchoff’s current law states that the sum of all currents 

going into a point is equal to the sum of all currents going out from the same point; 

however, it is not possible to determine which ingoing currents that have contributed to 

a specific outgoing current.” (M.Amelin, personal communication 19th March 2018) 

In terms of tracking electricity there are two different types of ways the tracking can be 

done; implicit tracing and explicit tracing. The implicit tracing refers to the use of the 

statistics on the produced energy from several producers to calculate the mix of energy 

sources. This calculation will be expressed as a residual mix (Colnerud Granström et al., 

2011) which is the mix of electricity where the origin cannot be guaranteed (Lejestrand, 

2017). The explicit tracing refers to a contractual based tracing instead of a statistical 

one (Colnerud Granström et al., 2011). 

Within the explicit tracing there is a differentiation between a contractual and a de-linked 

tracing system. The contractual explicit tracing refers to when the attributes referring to 

the origin of the energy source is directly linked to the physical delivery of energy 

(Colnerud Granström et al., 2011; Lise et al., 2007), which works when there is a 

bilateral trading (Colnerud Granström et al., 2011).  
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However, this type of tracing is according to Colnerud Granström et al. (2011) more 

complicated when trading of energy takes places over a trading platform. When energy 

is traded over a platform the physical flow of energy and the origin of the energy are 

instead separated (Colnerud Granström et al., 2011). When the physical flow of energy 

and the traceability are separated, the origin of energy is controlled by trading guarantees 

of origin (M.Amelin, personal communication 19th march 2018). 

Guarantees of origin are electronic documents that is sold and transferred on a market 

corresponding to a certain amount of energy (Energimarknadsinspektionen, 2017b; 

Malinen, 2015c). All members of the European Union are obligated to issue GoO’s at 

the request of the producer (Bröckl, Pesola, Vehviläinen, & Tommila, 2011; Directive 

2009/28/EC, 2009; Mulder & Zomer, 2016) and the requirements are laid forward in the 

European Parliament directive 2009/28/EC (Directive 2009/28/EC, 2009). GoOs can be 

issued for every type of energy source if requested (Veum et al., 2015). The flow of 

GoO´s is separated from the physical and financial flow of energy (Jansen, Drabik, & 

Egenhofer, 2016), hence the consumer can in theory buy electricity from one supplier 

and guarantees of origin from another (M.Amelin, personal communication 19th march 

2018) . Jansen et al., (2016, pp.3) defines the purpose of GoOs as ”the purpose of GOs 

is to facilitate accurate disclosure of factual information on generation attributes 

associated with electricity delivered to final consumers.”. The introduction of GoOs 

have enabled retailers of energy to label a certain amount of sold electricity towards a 

certain energy source even though the psychical delivery of electricity may be from 

another source (Mulder & Zomer, 2016). This enables electricity retailers to label some 

of their sold electricity as being green, stemming from renewable energy sources, since 

they have bought GoOs corresponding to the preferred energy source (Mulder & Zomer, 

2016). 

When the customer receives an invoice related to the bought energy, the energy retailer 

is, according to the European Parliament directives 2009/72/EC (2009), obligated to 

show from where the production has its origin and the environmental effect of 

production (Directive of 2009/72/EC, 2009; Raadal et al., 2012).  
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The Guarantees of Origin system enables a consumer to know that the stated energy mix 

on the invoice corresponds to an amount of energy being added to the flow of energy 

(Jansen, 2017; Jensen, 2018; Raadal et al., 2012) so that the end consumer can make 

choices on what type of energy they want to buy (Raadal et al., 2012). It is voluntary to 

purchase labelled electricity and if the end customer has not deliberately entered a 

contract with the energy retailer, the declared production to the customer will be from 

the residual mix (Elpriskollen.se, 2016; Raadal et al., 2012). The residual mix stands 

for  the volume of energy produced in one year with a reduction of exported GoOs and 

an addition of imported GoOs (Colnerud Granström et al., 2011; 

Energimarknadsinspektionen, 2017b) 

It is only when the customer deliberately have stated to the energy trader that she wants 

to buy energy from a certain source that the energy trader is obligated to buy GoOs 

(Elpriskollen.se, 2016; Energimarknadsinspektionen, 2017b). Raadal et al. (2012) state 

that a reason for a customer wanting to buy labelled electricity could be that companies 

want to improve their environmental profile or as stated by Skaar (2018), by consumers 

preferring to buy electricity from local power plants. According to Associate of Issuing 

bodies (2018) an average household would need 3-5 GoOs for a year to trace the origin 

of the needed energy (Association of Issuing Bodies AiSBL, n.d.-d).  

Within the 2009/28/EC directives it is put forward that the member states need to set up 

systems for issuing, controlling and enabling trade of GoO´s to be realized (Directive 

2009/28/EC, 2009). The controlling and handling of GoOs should be appointed to an 

appropriate body, which is not associated with the production, trading or any other 

supply activities (Directive 2009/28/EC, 2009). All member states should also set up a 

system for controlling that the unit of energy originating from one source is only 

accounted one time as a proof of origin (Directive 2009/28/EC, 2009). When an energy 

source is accounted for more than once it is referred to as double accounting (Malinen, 

2015c) 
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The key actors, according to Veum et al. (2015) that are involved in the market and the 

trading of GoOs are therefore the issuing bodies, the producers and consumers, the 

brokers and the controllers. The basic principles of GoOs are that the electronic 

document is created when requested by a producer of energy (Bröckl et al., 2011; Mulder 

& Zomer, 2016) by a controlling body for every 1 MWh of energy (Jansen, 2017). This 

document is then traded on a market, either by a bilateral agreement or through a broker 

(Skaar, 2018), and bought by a retailer of energy (Bröckl et al., 2011) or a trader of GoO 

who can sell it to a retailer of energy (Veum et al., 2015), or an end consumer of energy. 

When the GoO has been sold, the producer will transfer the GoO in the system to the 

buyer (Association of Issuing Bodies AiSBL, n.d.-b). When the GoO is used, i.e. when 

the energy associated with the GoO is consumed (Association of Issuing Bodies AiSBL, 

n.d.-b), it is terminated in the system (Bröckl et al., 2011; Mulder & Zomer, 2016). The 

GoO has a lifespan of 12 months (Directive 2009/28/EC, 2009) and if the GoO is not 

used it will automatically expire in the online system (Association of Issuing Bodies 

AiSBL, n.d.-b) and instead be included in the residual mix (2016/0382/COD, 2017; 

Directive 2009/28/EC, 2009). The parts of the flow of GoOs are presented in figure 4.   

 

Figure 4; Authors own visualisation of the flow of GoOs. 
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According to the 2009/28/EC directives (2009, pp. 34-35) the electronical document 

corresponding to the GoO should contain at least the; 

“ (a) the energy source from which the energy was produced and the start and end dates 

of production;;   

(b) whether it relates to: 

(i) electricity; or 

(ii) heating or cooling; 

(c) the identity, location, type and capacity of the installation where the energy was 

produced; 

(d) whether and to what extent the installation has benefited from investment support, 

whether and to what extent the unit of energy has benefited in any other way from a 

national support scheme, and the type of support scheme; 

(e) the date on which the installation became operational; and 

(f) the date and country of issue and a unique identification number.” (Directive 

2009/28/EC, 2009, pp. 34–35) 

4.2 The GoO Market and Trading Process in Sweden 

Guarantees of Origin was introduced in Sweden in 2010 and is controlled by the law 

called “lagen om ursprungsgarantier” translated to the law regulating Guarantees of 

Origin (Malinen, 2015c). In Sweden, the appointed body for handling GoOs is The 

Swedish Energy Agency (Malinen, 2015b).  They are responsible for handling all the 

applications from producers wanting to receive GoOs and give the users access to the 

online system Cesar, which controls the handling of GoOs. They are also responsible 

for issuing and controlling the GoOs as well as publishing information related to the 

GoOs in Sweden (Malinen, 2015b). The body appointed for controlling the electricity 

disclosure is The Swedish Energy Markets Inspectorate (Malinen, 2015b). 
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 The Swedish Energy Markets Inspectorate is responsible for controlling that the energy 

retailer declaration towards the end consumer is following laws and regulations 

(Energimarknadsinspektionen, 2017b). 

According to information from Energimyndigheten (n.d.-a) Forsberg (2017) and  

Malinen (2015c, 2017), the process for trading GoOs in Sweden contains the following 

parts; A producer can apply to receive GoOs and this is voluntary and free of charge. 

When the producer has been approved for GoOs she receives an account in the online 

system Cesar (Malinen, 2017). The account in Cesar is based on an account holder basis, 

this means that one account can be tied to several production facilities if the account 

holder is the owner of all production facilities (Forsberg, 2017). A producer can also 

allow a delegator to apply for the issuing of GoOs for the particular production facility 

using a power of attorney. When the producer has started receiving GoOs they can sell 

them on an open market (Malinen, 2015c). The trading in Sweden is mainly through 

bilateral agreements or with the use of a broker. In terms selling GoOs, the producer can 

also contact a trader which is then responsible for either contacting a customer or a 

broker to sell the GoO. Within Cesar, all the issued GoOs from Swedish production of 

energy are accounted for and it is in Cesar the electronic documents are transferred from 

a seller to a buyer when a trade is completed (Energimyndigheten, n.d.-b). Within the 

online system Cesar, the users also have to cancel the used GoOs if they have been used 

to declare origin towards a customer (Malinen, 2015c). If they are not cancelled they are 

automatically cancelled and used for the residual mix (Energimyndigheten, n.d.-

a).When expired, the GoO cannot be used to guarantee the origin (Energimyndigheten, 

n.d.-a). 

Trading GoOs in Sweden are done with both national GoOs and GoOs that fulfil a 

European standard called EECS-GoOs (Hedström, 2017) and can be requested for every 

type of energy source (Forsberg, 2017). The difference between the national GoOs, that 

can only be traded nationally, and the EECS-GoOs that also can be exported, is that they 

are controlled by an additional body which means that there are more administrative 

costs in the process (Forsberg, 2017).  
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In 2017 there were, according to Forsberg (2017), 5733 actors registered in Cesar with 

a minimum of one production facility. Of these, 4000 were private individuals and the 

rest were companies (Forsberg, 2017). In terms of Guarantees of Origin, according to 

the Forsberg (2017), the amount of issued GoOs corresponded to 99,5 percent of the 

produced energy in 2015 (Forsberg, 2017). In terms of market size, based on statistics 

from Statistics Sweden and Cesar, the produced energy as well as issued and cancelled 

GoOs are presented in table 3,4 and 5; 

 

Table 3; Statistics on the produced electricity and issued GoOs in Sweden 2010-2017. 
Based on statistics retrieved April 4th 2018 from Cesar1and from Statistics Sweden2 

                                                
1https://cesar.energimyndigheten.se//Lists/PublicPages/Statistics.aspx?Page=Transactions 
2http://www.statistikdatabasen.scb.se/pxweb/sv/ssd/START__EN__EN0108/EltillfM/?rxid=9cc58be2-
718e-404a-9512-210df3b23f61 
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Table 4; Statistics on the number and type of issued GoOs in Sweden year 2010-2017, Based 
on statistics retrieved April 4th 2018 from Cesar3 

 

Table 5; Statistics on the number and type of cancelled GoOs in Sweden year 2010-2017, 
Based on statistics retrieved April 4th 2018 from Cesar4 

                                                
3 https://cesar.energimyndigheten.se//Lists/PublicPages/Statistics.aspx?Page=Transactions 
4 https://cesar.energimyndigheten.se//Lists/PublicPages/Statistics.aspx?Page=Transactions 
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The Swedish GoO market is open for everyone, but it is not a standardised market and 

there are no publicly available prices. The prices are mainly determined for every trade 

and is decided between buyers and sellers (Malinen, 2015a). The market prices of GoOs 

are not publicly available (Association of Issuing Bodies AiSBL, n.d.-a; Mulder & 

Zomer, 2016) and are according to the Association of Issuing Bodies AiSBL (n.d.-c) and 

(Skaar, 2018) influenced by factors such as where the energy is produced and from what 

source as well as the size of the transaction. (Raadal et al., 2012) state that the prices of 

GoOs are also influenced by the demand for GoOs as well as customer preferences, if a 

customer prefers a very specific type of GoO it might influence the price she has to buy 

it for. In a report by the Swedish Energy Agency from 2017 they put forward that 

assumed price on solar GoOs was 4,5 SEK/GoO and wind, water or biomass GoO was 

2,3 SEK (Forsberg, 2017). 

4.2.1 Stakeholders in the Swedish GoO Market and Trading Process 

Based on the secondary information in the previous chapter the authors conducted a 

stakeholder map, see figure 5, over the main participants in the Swedish GoO market 

and trading process. This to be able to get more information regarding the GoO market 

in Sweden as well as the trading process. The stakeholder map had the purpose of 

visualising the actors participating in the handling of GoOs and act as a foundation for 

identifying suitable interviewees. After the stakeholder map was visualised, the authors 

searched for suitable participants on the Internet to interview within each stakeholder 

group. The main stakeholders are also presented in table 6 with a presentation of the 

contacted participants (anonymously referred to) and the purpose of each interview. The 

purpose of the interviews was to enable the authors to (1) map the trading process (2) 

draw from the frame of reference to get more information regarding costs, amount of 

information in the market and the trading process.  
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Figure 5; Main stakeholders in the Swedish GoO market and trading process (authors' 
own adaption) 
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Table 6; Presentation of interviewed stakeholders and the purpose of the interviews 

Stakeholder group Reference in Text Purpose of Interview

Issuing Body Issuing Body Understand the overall activities in the trading process
and how GoOs are issued
Understand costs associated with issuing and using
Cesar

Understand the market and pricing of GoOs

Producer Producer Understand their activities in the flow of GoOs

(seller of GoO) Understand time and costs associated with the
administrative work of GoO

Understand how they retrieve and assess GoO prices

Broker Broker Understand their activities in the GoO trading process

Understand costs associated with using a broker

Understand the market and pricing of GoOs

Trader Trader A Understand their activities in the GoO trading process

Trader B Understand costs associated with using a trader

Understand the market and pricing of GoOs

Electricity Retailer Large volume buyer A Understand their activities in the flow of GoOs

(buyer) Understand time and costs associated with the
administrative work of GoO

Understand how they retrieve and assess GoO prices

Small Volume Buyer; Understand how micro production GoOs are bought
bilaterally

Buyer A Understand pricing of small trading volumes of GoOs

Buyer B

Buyer C

Buyer D

Large volume buyer B Understand why small trading volumes are not bought

(do not buy 
microproduction GoO)

Controlling body Controlling body Understand their activities in the flow of GoOs and
how potential violations in the process are handled
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4.3 Results from Interviews with Stakeholders 

Following the method chapter, the interviews were conducted in all but one case by 

email were the interviewees were first contacted regarding their willingness to 

participate followed by an email with principal questions. If needed, some participants 

received follow up questions or emails to enable the authors to interpret the answers 

sufficiently. One interview was conducted over the phone after the interviewee had 

received the questions by email. The interviews were conducted during March and April 

of 2018. 

The questions were based on the themes stated in table 6 and open-ended. In terms of 

contacted participants, the authors were able to interview the controlling and issuing 

body, one broker, two traders, one producer as well as six buyers (one buying bilaterally 

and larger volumes and five buying GoOs from micro produced energy). The interviews 

were mainly done in Swedish since it was the preferred language of the participants. The 

answers presented are the authors summary of the answers, hence the authors 

translations and abbreviations. Answers that did not provide applicable information have 

been excluded, along with information that the authors thought would compromise the 

interviewees anonymity. 

The detailed process displayed later in the chapter, based on the interviews, will focus 

on the trading of national GoOs, therefore, the administrative costs discussed will relate 

to the trading of national GoOs. The issuing costs associated with the system that enables 

for export and import are higher, for example the cost of accessing the system for 

national GoOs has a fixed fee of 200 SEK whereas the account for having EECS-GoOs 

costs 500 SEK for a year (Forsberg, 2017). 
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4.3.1 Interview with Issuing Body 

Summary of answers related activities in the flow of GoOs and the issuing  

The producer will send information to the online system Cesar and the amount of 

information that the users will be able to see regarding the GoO in Cesar corresponds to; 

• The energy source that produced the energy along with the start and end date for 

production. 

• The name of the production facility where the energy was produced, where it is 

placed, the type of facility and its capacity. 

• If, and to what extent, the production facility or energy source has received any 

funding from national support schemes and the type of support scheme. 

• The date that the production facility started producing  

• The date and country of issuing. 

The producer is not allowed to enter the values. All values are reported by the message 

format EDIEL, which is the same format for entering electricity values. The meter is 

usually placed where the electricity is transferred to the grid, net metering, but it is also 

allowed to place the meter directly after the production facility, gross metering. The 

electricity meter has to comply with certain standards similar to other meters in the 

Swedish system. This allows for a certain amount of accuracy and security against 

manipulation. 

All information regarding the GoO (for example which production facility it corresponds 

to) is visible for the buyer, so it is possible to make very specific orders from the seller. 

All contact between the seller and the buyer is however not carried out in the online 

system Cesar. It is mostly carried out bilaterally or through a broker. Most trading is 

made between the buyer and the seller. There are also a couple of brokers that helps 

match buyers and sellers. 
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Summary of answers related to cost of issuing and use of Cesar 

 

Table 7; Fee types based on interview with issuing body 

  
Summary of answers related to the market and pricing of GoOs 

The transactions are not public and today both small and larger actors trade with GoOs. 

However, micro producers often sell their GoOs through their electricity provider since 

it is hard to find buyers for small volumes. 

One of the largest brokers presents prices on their webpage, however, it will require a 

subscription. The price of a hydro-GoO is today between 5-7 SEK per MWh. Other 

renewable energy GoOs are usually priced slightly higher, with the exception of bio-

GoO. 

The market is open, which means that there are no legal barriers to buy and sell GoOs 

from whoever or to whoever. A trading platform, like Nordpool spot market, does not 

exist for GoOs. There have been some attempts to introduce a trading platform for GoOs, 

the latest at EEX in Germany, which has stranded due to low liquidity in the market. 

 

 

 

Fee type Fee
Fee for every issued GoO  0,035 SEK per GoO
Fee for every issued EECS-GoO 0,090 SEK per GoO 
Fee for imported EECS-GoO from another domain   0,030 SEK per GoO
Fee for exported EECS-GoO to another domain  0,000 SEK per GoO 
Fee for special EECS-account for users with a production facility 500 SEK/year
Fee for special EECS-account for electricity suppliers and other users
applying for a special EECS-account 5000 SEK/year
Fee for GoO account for users which don not have a production facility or a
special EECS-account 200 SEK/year
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4.3.2 Interview with Producer 

Summary of answers relating their activities in the trading process 

We are internally contacted by the buyer side and they inform us in terms of the volume 

needed, which we then transfer to them in Cesar. 

Summary of answers relating the administrative work and costs associated with 

GoOs 

The administrative work is related to working within Cesar. Within Cesar we control 

and declare the energy source used and that the right amount of GoOs have been issued. 

The time used for GoOs is roughly 1-2 hours a month. In terms of the unused GoOs they 

will automatically be cancelled, otherwise we go to Cesar two times a year and cancel 

GoOs. 

Summary of how they receive and assess GoO prices 

We usually contact the buyer and receive a price level from them. 

4.3.3 Interview with Broker 

Summary of answers relating to their activities in the GoO trading process 

The GoO trading process is relatively slow, which means that each trade takes between 

5 minutes to several days to carry out. One example: A buyer wants to buy a Nordic 

hydro GoO for a bidding price of 0,72 euro for 200GWh, 5-10 minutes later a seller was 

found which could sell 100 GWh for 0,725 euro. After some negotiation, the trade was 

carried out for 100 GWh for a price of 0,7225 euro. When this deal was closed, other 

customers were informed that the buyer still wanted to buy 100 GWh and another seller 

entered stating that he could sell 200GWh to the same price. Within 15 minutes there 

was a deal made between one buyer and two different sellers. 

Other times one deal could be a little bit more complicated, it can be that a buyer wants 

to buy production for several different years ahead and that different sellers need the be 

found that together can match the interested buyer amount. Due to the market being a 

bilateral market another factor influencing is related to counterparties.  
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When a buyer and a seller have been matched to a certain price, both sides are informed 

regarding who the counterparty is. It is then up to the two counterparties to make a credit 

check and agree on a delivery date before the deal is finally closed. 

Summary of answers relating to the cost of using a broker 

The cost associated with the process is a variable brokerage, which is from both buyers 

and sellers for each trade. The competition between different brokers is large, which has 

pushed down the prices. The size is about 0,005€/MWh for both buyers and sellers. 

Summary of answers relating to the market and pricing of GoOs 

The GoO market is characterised by non-standardized contracts, compared to the trading 

of electricity derivatives on Nasdaq, which is fully standardised. Often, the GoO market 

trades with specialized products related to the origin, different labels and different 

delivery dates. The difference being that when a trade is carried out on Nasdaq the buyer 

knows exactly what is traded and when the delivery date is. 

We publish bid/ask and latest prices on our webpage when the user is in a signed in state. 

This we do for the most traded products, Hydro 2017-2022, there is no other open source 

to gather price information. 

Most of our clients are professional actors (electricity companies, producers or traders) 

but we also have small wind farm customers. It is hard to estimate how much of the 

market is carried out through brokers. Last year the demand on the European market was 

about 470TWh, and the approximate volume that is used is 2-3 times that. This gives a 

total market of approximately 1000TWh. 

4.3.4 Interview with Traders 

Summary of answers relating to their activities in the GoO trading process 

Trader A: There is no functioning trading platform for GoOs and by that there are no 

public available market prices. This means that all trading is conducted through a broker 

or directly between different actors in the market.  
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You could say that the brokers have taken over the markets’ role as a pricing mechanism, 

hence where you will turn to receive a current market price. If we want to trade with 

GoOs we contact another broker. They often have a buyer side and a seller side. Either 

you trade with the prices that are given or you try and trade with a price that is in the 

buy-sell spread. 

When trading with a broker the process has the following steps; 

1) Contact the broker 

2) Receive current market prices  

3) Either trade with the received market price or put forward a buy/sell offer which 

someone else can trade on. 

4) Closing, under the conditions that both parties within the trade approve each 

other as counterpart. 

5) The broker sends the contract of the trade. 

A bilateral agreement is really the same procedure as the process of using a broker with 

the difference that the buyer and seller has a direct contact with each other instead. The 

businesses that we do direct trading with is the actors we have a customer relationship 

to. We are the customers’ market access. 

Trader B: The process of buying a GoO involves a customer ordering a trade that is 

then traded with a counterparty and a signing of a contract of the trade. The normal size 

of trading volumes is approximately 100 GWh for hydro-GoO and smaller volumes for 

wind-GoO. 

Summary of answers relating to the cost of using a trader 

Trader A: It is different from customer to customer. Some customers pay a trading fee 

(trading cost*volume), other customers have the fee incorporated in the cost of the GoO. 

It is never a yearly fee, only a fee for the trading that occurs. 

Trader B: The prices of trades are related to the traded MWh. 

Summary of answers relating to the market and pricing of GoOs 
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Trader A: It is hard to estimate how much of the trade that is carried out by using a 

broker but after talking to some brokers the estimate is that it is approximately 50/50. 

We have mostly energy companies, but also wind farms, micro producers and industries. 

In terms of how pricing is determined, similar to many other markets, it is dependent on 

supply and demand. The prices are, in addition, also influenced by the type of energy 

source along with the trading volume. We provide prices to our customers based on what 

they need. Some of the products are traded on illiquid markets, hence we need to turn to 

the market each time to receive a current market price. Even if there is no specific 

marketplace for the trading, there are several brokers that can bring buyers and sellers 

together. There has been a price increase during the recent year due to a drastic rise in 

demand in combination with a year of poor precipitation and wind. 

Trader B: Approximately 50-60 percent of the trades go through brokers. Our clients 

are mostly larger energy retailers, larger energy producers and larger energy consumers. 

We have some but not many micro producers, however, none of these are private micro 

producers, only businesses. 

We do not discuss prices with others than our clients and prices are determined by supply 

and demand. Previously, when demand was lower the prices were also lower, however, 

today the producer can set higher prices due to increasing demand. It is the price of 

issuing GoOs that influences the trading price and also the price towards the end 

consumer. If it is a non-standardised product, it is usually compared to the price 

development of hydro-GoO.  

4.3.5 Interview with Electricity Retailers (Buyers)  

Large volume buyer: 
Summary of answers relating to their activities in the GoO trading process 

We buy GoOs a bit differently depending on the traded volume and from which 

customer. For larger business customers we buy an agreed volume simultaneously as a 

contract is signed. This is performed a handful times each year. For household customers 

we buy the GoO each month retroactively. For a special business customer, we do an 

internal transfer two times a year. 
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Usually, when we do not conduct bilateral trading, we contact our trading company’s 

trading desk by email and state the desired volume and timeframe. We are usually 

“forced” to buy and have little to say about the timing. We do not contact a broker or 

other actors outside the corporate group, that part of the trading is in the hands of the 

trading company. For some micro producers we handle GoOs, but in terms of this type 

of trade we are more restrictive since it concerns small sums in comparison to the 

administrative work related to this trade. 

Summary of answers relating the administrative work and costs associated with 

GoOs 

Totally we spend approximately 1-2 hours each month on GoOs. 

Summary of answers related to the market and prices of GoO 

We contact our trading company to receive prices. 

Small volume buyers: 
 
Summary of answers relating to administrative work and costs associated with 

micro produced GoO trade 

Buyer A: The micro producer need to switch to also have us as an electricity retailer to 

be able to sell their excess solar production and GoOs to us. We also offer them help 

with the application to receive GoOs, by using a power of attorney, towards the Swedish 

Energy Agency at a fixed cost of 200 SEK. 

Buyer B: The producer need to sign an agreement with us that allows them to sell their 

electricity and GoOs to us. 

Buyer C: The producer need to sign a production agreement with us, which will make 

us buy their excess electricity and GoOs. 

Buyer D: The producers need to be a retail customer with us before we buy their excess 

micro produced electricity. Once they are a customer we will buy their excess electricity 

and their GoOs. 
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Summary of answers related to the market and prices of GoO 

Buyer A: We pay a fixed price of 0,024 SEK/kWh excluding VAT, which correspond 

to 24 SEK for one GoO. We lack access to a trading platform that can keep us updated 

on the market prices of GoO and therefore we chose this solution. 

In terms of the market in 2017, we bought GoOs from the producers at a total of 62 

percent of the micro produced solar energy. 

Buyer B: We pay 0,05 SEK/kWh, which corresponds to 50 SEK/GoO and for all the 

micro produced electricity that we bought we also bought a GoO from the producer. 

Buyer C: We pay a fixed compensation of 200 SEK for every GoO, which is 0,20 

SEK/kWh. This deal makes our deals more competitive, but most of all it encourages 

our micro producers to apply for GoOs. For all the bought micro produced electricity 

we also buy a GoO from the same producer. 

Buyer D: If the customer delivers electricity and a GoO to us they will receive the spot 

price + 0,25 SEK. If they don’t deliver a GoO, they receive the spot price + 0,05 SEK. 

Hence the compensation is 0,20 SEK/kWh resulting in 200 SEK/MWh, which is one 

GoO. Today, 70 percent of our micro customers has a deal which means that they have 

to deliver their GoO to us. 

We have decided to put a high compensation on the GoO which is our way to support 

the micro producers. We do not know for how long we can keep this compensation up, 

but we have had it for 3 years.  

Buyers who do not buy micro produced GoO; 
 
Summary of answers to why small GoOs corresponding to micro production are 

not bought 

Buyer E stated that they did not buy GoOs from micro producers since the 

administrative cost exceeds the value from sale. Buyer F stated that they did not buy 

GoOs from micro producers since the cost of metering would exceed the profit that a 

micro producer would receive from selling GoOs.  
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Lastly, buyer G stated that they did not buy GoOs due to the low volume and that low 

prices make it uninteresting. However, the value of GoOs have started to increase so 

they are considering to start buying GoOs. 

4.3.6 Interview with Controlling Body 

Summary of answers related to the administration and controlling of the GoO 

market 

Generally, in terms of double accounting, The Swedish Energy Markets Inspectorate has 

no statistics regarding how common it is. Regarding the supervision of electricity 

suppliers and their obligations towards consumers, The Swedish Energy Markets 

Inspectorate has not identified double accounting as the most common violation. If the 

GoO is not cancelled on time it will, according to regulation, be accounted for in the 

residual mix. There is no available statistics for how common this is. 

4.4 Process Map over the Trading Process and Flow of GoOs in Sweden 

Based on the empirical evidence regarding the Swedish GoO market, the authors created 

a map of the flow of GoOs along with the trading process, figure 5. This was done in 

accordance with Klotz et al. (2008a) Biazzo, (2002) and Slack et al. (2015) since the 

authors sought to visualise the activities, show how they relate to each other and to the 

cost associated with activities in the process. The process map has been verified by the 

issuing and controlling bodies, who confirmed that this was a correct picture of the flow 

of GoOs in Sweden. It is also important to note that the process map displays the whole 

process of a GoO from start to finish and not just the trade itself.  

Figure 6 displays that the flow of GoOs along with its trading process in Sweden is as 

follows: The producer applies and is approved for GoOs. The producer then pays a fixed 

fee of SEK 200 for the account as well as a variable fee of SEK 0,035 for the issuance 

of GoOs. When energy is produced, a meter register and transfer the values to Cesar 

where a GoO is issued corresponding to the metered values. At this point, the producer 

can choose to sell these either bilaterally or by using a trader. When using a trader, a 

cost based on volume trade is incurred, no absolute figures of this have been incurred. 
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The buyer of the GoO can likewise conduct the purchasing either bilateral or using a 

trading company. 

When trading occurs, this could either be done as stated above bilaterally, or by turning 

to a broker. If using a broker to find a counterparty this is done at a variable cost 

determined by the trade size, an absolute figure of 0,005€/MWh for both buyers and 

sellers were discovered.   

When a counterpart agree on a trade GoOs are transferred in Cesar manually from the 

seller to the buyer. From here, the GoOs are either used to state the origin of the energy 

to end customers and then cancelled or they expire and are automatically cancelled. 

 

Figure 6; Process map over the trading process and flow of GoOs in Sweden (authors’ 

own adaption) 
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5. Discussion 

The purpose of this chapter is to present a discussion around the research questions 

presented in chapter one. The first part, part I, will address the first research question 

and start with a presentation of the overall characteristics of the Swedish GoO market 

and trading process. This is followed by a focused discussion of this market in the context 

of transaction costs, transparency and asymmetric information. Part I ends with an 

answer to the first research question. The second part, part II, will address the second 

research question by discuss how blockchain technology could impact the issues 

presented in part I of the discussion. 

5.1 Part I – Discussion on Research Question 1 

By examining the Swedish GoO market, it is evident that the demand for GoOs is rising. 

By looking at table 3 on page 57, it is evident that the number of issued and cancelled 

GoOs has increased during the years from 2010. In combination with this, according to 

Forsberg (2017), a large amount, 99,5 percent in 2015, of the produced energy has a 

GoO linked to it. This indicates that the use of GoOs in Sweden is considerable, and the 

importance of constructing an efficient trading process and market structure is apparent.  

Continuing on how the Swedish market for GoOs look like it is characterised with 

fluctuations in prices. Depending on the product and the trading volume, there are price 

fluctuations ranging from SEK 2,3 (Forsberg, 2017) to, drawing from the interview with 

the issuing body, SEK 7 for Hydro GoOs. This is even greater for solar GoOs at between 

SEK 4,5 (Energimyndigheten, 2017) to SEK 200, from the interview with buyer C, and 

buyer D. This indicates that the pricing for GoOs might not be optimal due to this 

volatility. Drawing from the frame of reference, markets with high volatility in prices 

are markets where information on prices cannot be received and updated in an effective 

way (Foucault et al., 2013; Madhavan, 1996; Manzano & de Frutos, 2014; O’Hara, 

2003). Volatility in prices can then be lowered by increasing the transparency, hence 

how market participants can observe information (Madhavan, 2000). 

 



74 
 

 As stated by one of the interviewed traders, many parts of the GoO market are 

characterised as being illiquid and that traders need to turn to the market for each trade 

to receive accurate information. This indicates that the transparency in the market is not 

very high due to market information not being easily accessible to all participants. 

Moving into the trading process of GoO, trading in Sweden is to a high degree conducted 

using intermediaries since at least 50 percent of the trading goes through brokers. This 

is also evident from the presented process map, which demonstrates that when the 

production facility has started receiving GoOs it is theoretically possible to sell it on an 

open market. As the issuing body stated in the interview: “The market is open, which 

means that there are no legal barriers to buy and sell GoOs from whoever or to 

whoever.” Continuing on information from the issuing body no common trading 

platform. Since a common trading platform is absent, brokers play an important role in 

the matching process and are compensated by a trading fee. 

Continuing on the use of intermediaries, the trade of GoOs in Sweden can also be 

conducted using a trader, which in turn either trades bilaterally or uses a broker to find 

a buyer. Drawing from O’Hara (2003) and Skaar (2018) that in illiquid markets there is 

a usage of intermediaries, the notion that the market is not liquid is strengthened. As put 

forward by O’Hara (2003) and Skaar (2018) the use of intermediaries though comes 

with a transaction cost, which is also the case in the Swedish GoO market.  

Since there seem to be a high use of intermediaries and that there is indications of low 

access to information, the market for GoOs in Sweden should be viewed as non-efficient, 

this corresponds to the statement by Skaar (2018) that an efficient market produces 

informative prices whilst being liquid. Continuing on the notion that the Swedish GoO 

market might not be efficient and liquid, the next part will look at transaction costs, 

transparency and asymmetric information. 
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5.1.1 Transaction Costs and the Swedish GoO Market and Trading Process 

Drawing from the frame of reference, transaction costs are costs associated with 

establishing exchange (Arrow, 1969; R. . Coase, 1992; Hendrikse, 2003; Williamson, 

1981), costs of locating information and finding counterparties for trade (Dahlman, 

1979; Hendrikse, 2003; Milgrom & Roberts, 1987) as well as bargaining cost (R. . 

Coase, 1992; Dahlman, 1979), costs associated with designing contracts (Coase 1992) 

and monitoring (R. . Coase, 1992; Dahlman, 1979). Starting with the fact that there is 

no common trading platform, the participants in the market induce location costs to find 

either a buyer or a seller. Drawing from the examples of a transaction explained in the 

interviews by the broker and one trader, irrespectively if there is bilateral trading or 

through a broker, the participants need to search for a counterpart to trade with. This 

induces search costs, which are non-transparent and therefore hard to observe ex-ante. 

Even though tangible numbers were not disclosed, the described process entails search 

costs as well as costs connected to forming the contract. Choosing to trade bilaterally 

have few differences compared to using a broker but with the one difference being that 

direct contact needs to be established between the parties. Regardless, the similarities in 

the different processes seems to entail costs of time and resources. This corresponds to 

some extent to Todorova (2014), which stated that the effectiveness of organizing an 

exchange will in the end impact how efficient the market is. 

What is also evident, from the interview with the broker and trader A, there are costs 

associated with bargaining due to the process of negotiating price and the terms of a 

contract. In the example from the interviewed broker during a trade the counterparties 

negotiated on the price, which in the end resulted in a price level between the ask and 

bid price. When these conditions were mutually agreeable, a trade could occur, which 

makes the process aligned with that of Dahlman (1979). 

Continuing from the frame of reference, Kissell (2013) described that transaction costs 

can be classified as either variable or fixed and be attributed to different parts of a 

process. According to Kissell (2013) there are costs associated with the investment phase 

(commissions, taxes, fees, spreads) and these can be separated between visible or hidden 

costs. 
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Drawing from the Swedish GoO trading process, it is evident that there are visible costs 

associated with using the market as well as conducting trade. In terms of having access 

to the market, it is apparent from the interview with the issuing body that there are both 

variable and fixed costs associated with the issuing of GoOs. There is an initial SEK 200 

fee for access to the national account and a variable fee at SEK 0,035 per issued GoO. 

This cost is mandatory if a producer wishes to receive GoOs and in the sense that by not 

accepting and paying it could result in potential opportunity costs due to missed revenue 

from the trade. 

According to Kissell (2013), there are also costs associated with the trading part of the 

transaction and that this makes up the largest part of transaction costs. These costs are 

for example rebates, delay costs, price appreciation, market impact, timing risk, and 

opportunity costs. By moving on to the actual trading of GoOs in Sweden, there are 

some visible trading costs, which are related to using a broker or a trader. The authors 

were able to receive a broker fee of 0,005€/ MWh, a variable cost for each trade, from 

the interview with the broker. This cost is attributed to both buyers and sellers, meaning 

that the broker fee for trading one GoO using a broker corresponds to 0,01 euro. 

To demonstrate the impact of this, by using the example provided by the broker where 

200GWh of Nordic Hydro was traded at a settlement price of 0,7225 euro with three 

participants will be used. The broker fee for this trade would correspond to 10005 euro 

for the producer, and 5006 euro for each buyer. Hence, a total of 20007 euro. If the total 

retail price of the trade corresponded to 0,14 million euro8, the broker fee made up 1,4 

percent9 of this. The authors were not able to retrieve any absolute numbers on the fee 

of using a trader, but if assuming that the three participants in the example conducted 

the trade using a trading company and assuming that the trading fee at the same level as 

the broker fee, this would imply an additional cost of 2000 euro. Then the brokerage and 

cost of using a trader corresponds to 2,85 percent10 of the trade. 

                                                
5 Calculated by taking €200,000*0,005 
6 Calculated by taking €100,000*0,005 
7 Calculated by taking €1000+500+500 
8 Calculated by taking €(200,000*0,7225)/1000,000 
9 Calculated by taking €2000/144500 
10 Calculated by taking €4000/144500 
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If the issuing and cost of using Cesar is added to this example, which cannot be 

eliminated when trading GoOs, the issuing cost for 200GWh is approximately 70011 

euro. The cost for three users having access to Cesar would incur a cost of approximately 

60 euro12, and the total cost of using Cesar for the 200 GWh trade would be 760 euro. If 

adding all costs, the example with the 200GWh trade would therefore be incur a cost of 

approximately 4700 euro13 in visible cost. This corresponding to 3 percent14 of the trade 

and not a substantially large sum. In addition, this assumes one yearly trade for the 

participants in the example. If trade occurs more frequently, the marginal cost for the 

participants to use Cesar is assumed to be diminishing. 

If turning to a micro producer instead that produces about 30 GoOs each year (solkollen, 

n.d), and on average uses 5 (Association of Issuing Bodies AiSBL, n.d.-d), the micro 

producer can sell the remaining 25 GoOs. By looking at an example where one micro 

producer wishes to sell these 25 GoOs to one buyer with a retail price of 10 euro and by 

using the same intermediaries as in the example of the 200GWh trade, the cost would be 

as following. The brokerage would still be 0,005€/MWh, which would correspond to a 

cost of 0,1515 euro each for the two participants. If the retail price for the trade 

corresponds to 250 euro16, the brokerage would make up 0,1 percent17 of this. If 

assuming, similar to the 200GWh example, that the two participants also uses a trader, 

an additional cost of 0,318 euro would be incurred. This making the brokerage and the 

cost of using a trader correspond to 0,24 percent19 of the trade, which is considered a 

low transaction cost for trade.  

 

 

                                                
11 Calculated by taking €200,000*0,0035 
12 Calculated by taking €20*3 
13 Calculated by taking €760+4000 
14 Calculated by taking €4700/144500 
15 Calculated by taking €25*0,005 
16 Calculated based on the price of the GoO being the average of SEK 4,5 and SEK 200. Hence, a price 
of approximately €10. The calculation being €10*25. 
17 Calculated by taking €0,15/250 
18 Calculated by taking €0,15+0,15 
19 Calculated by taking €0,3/250 
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However, the trading related cost stated above is not all costs that the two participants 

will incur. They will, as with the 200GWh trade, also incur the cost associated with 

issuing and using Cesar. The issuing cost for 25 GoOs, or 25 MWh, corresponds to 

0,08820 euro and the cost for two participants using Cesar is approximately 40 euro. This 

adds a cost of 40,0921 euro. If summing the trade related costs of 0,6 and 40,09 it is in 

total 40,7 euro. The total cost, assuming that the participants uses intermediaries, would 

then be 16 percent22 of the trade. This is almost five times the cost of the 200 GWh trade 

and these costs do not include the cost associated with administrative work within Cesar, 

or location costs incurred by the broker or trader to find counterparties.  

Worth noting is that the example above, with the micro producer, assumes that the trade 

of 25 MWh can be traded at a retail price of 10 euro and that it is possible to find a 

counterpart willing to trade this volume. One problem with this is that, as the interview 

with the issuing body disclosed, the search for low volume trades can be prolonged due 

to difficulties finding small volume buyers. Therefore, the micro producer might be 

reluctant to trade using a broker or by finding a buyer themselves due to the resources 

needed in searching. This corresponds to Dahlman (1979) that exchange is determined 

by the cost, time and resources needed to find a counterpart for exchange. In addition, it 

is evident from the example with the 25 MWh trade that the highest costs are associated 

with Cesar. Drawing from the interview with buyer E, which do not buy micro produced 

GoOs, they stated that they are reluctant to do so due to the administrative costs, the low 

volume and that prices exceeds the value from the trade. 

Continuing with a focus on small volume sellers, there are potential lock-in tendencies 

if one wishes to sell small amounts of GoOs to a retailer instead of trading it on the 

market. In such instance, it is required that the producer is a customer with the energy 

retailer that buys the GoO. From that point of view, the customer is facing uncertainty 

whether or not it is offered the optimal contract, hence this can be seen as a hidden 

transaction cost.  

                                                
20 Calculated by taking €25*0,0035 
21 Calculated by taking €2*20 
22 Calculated by taking €40,7/250 
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Hidden costs, as put forward by Kissell (2013), are usually comprising the largest 

transaction costs of a trade. Some of the smaller volume buyers also offered to manage 

the GoOs for the seller at an additional cost. It is worth noting that the smaller buyers 

interviewed in this study argued that they offer competitive deals as a way to incentivise 

the micro producers.  

5.1.2 Transparency and the Swedish GoO Market and Trading Process 

Drawing from the frame of reference, transparency depends on the ability for market 

participants to access market information (Bloomfield & O’Hara, 1999). As the 

interview with buyer A revealed, there is no platform where prices can be found and 

there is a search process to find counterparties. The authors were able to retrieve 

information on statistics covering the volume of issued and cancelled GoOs, specified 

on the energy source, but no volumes or prices of the trades are public. There is also a 

lack of statistics for double accounting according to the controlling body. Double 

counting being when a GoO is used more than once to state the origin of energy 

(Colnerud Granström et al., 2011). As revealed by the interviews, the lack of 

transparency entails that buyers and sellers cannot observe the trade and thus have to 

rely on intermediaries or search out a counterpart to trade with by themselves. They can 

also choose to not trade at all. 

The lack of transparency within the process then results in volatile prices, and as stated 

by one of the small volume buyers, they did not have an efficient information platform 

to retrieve market prices and thereby had a fixed compensation for all trades. Drawing 

from Bloomfield and O’Hara (1999), a lack of transparency can induce market 

inefficiencies due to a slow adjustment to new information, for example regarding 

prices, and in order to make prices less volatile there has to be more transparency 

according to (Madhavan, 1996). Bloomfield and O’Hara (1999) stated that prices 

converge faster in transparent markets and the lack of convergence is apparent on this 

particular market. 
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Continuing on the lack of transparency the market seems to suffer from illiquidity. This 

is firstly based on previous attempts to introduce a trading platform for GoOs, which 

stranded due to liquidity being low, as stated by the issuing body. Also, the issuing body 

stated that it is hard to find buyers for small volumes. As such, the brokers and traders 

provide liquidity to the market and this could be supported in the interviews with the 

broker explaining how they match customers and the trader stating that brokers have 

taken over the markets’ role as price mechanism. In addition, one trader stated that 

traders are the customers market access. As such, the market show signs of illiquidity, 

hence the intermediaries, who in turn are compensated by the aforementioned fees. This 

indicates that the illiquidity on the market, and the resulting intermediaries, are aligned 

with (O’Hara (2003) and Skaar (2018). 

Continuing on the liquidity of the market in the context of sizes of trades, it seems as the 

larger traders benefit from the current market situation compared to smaller traders. As 

the large volume buyer stated, they are more restrictive to smaller sellers since the sums 

are smaller relative to the administrative work related to the trade. This was also 

something that the issuing body noted, that it is hard to find buyers for small volumes 

and as trader B put forward, a normal trading size of hydro GoO, is approximately 100 

GWh.  

Drawing from the example provided from the broker, concerning a trade, had the initial 

seller possessed the adequate amount one less trade had occurred. With the larger 

volume traders’ restrictiveness and the issuing body’s statement concerning smaller 

traders in mind, it can be noted that smaller traders indeed have a disadvantage on the 

market for GoOs in Sweden. This would align the smaller traders’ situation with the 

conclusions from Bloomfield and O’Hara (1999), that restricting transparency benefits 

larger traders at the expense of smaller traders. This can also find further support in the 

aforementioned discussion regarding transaction costs and the volumes traded. 
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5.1.3 Asymmetric Information and the Swedish GoO Market and Trading Process 

In terms of asymmetric information being how well a buyer can distinguish between 

good and bad products (Spencer, 2000a), the GoO trading process enables the buyer to 

receive a quite large amount of detailed information before the purchase. As explained 

by the issuing body and imposed by the Directive 2009/28/EC (2009), the GoO 

certificate displays information down to the specific facility and the energy source.  

This information can be used by the seller to attract buyers, who also can make detailed 

orders based on this. Therefore, the adverse selection within the GoO market should be 

quite low. Continuing on the amount of information beyond the product information, 

information regarding prices, customers and other factors within the trading process are 

less available. 

As stated by Spencer (2000c), markets reveal prices and thereby reduces the amount of 

private information but problems arise when individuals possess private information. In 

terms of the GoO market, information is not per say controlled by individuals. However, 

it is evident that the intermediaries play an important role when it comes to information. 

As evident from the interview with the producer, they turn to the trader to receive 

information regarding prices, and as evident from one interview with a trader they are 

acting as the market access for their customer. The authors conclude that regardless of 

the size of the trader, there is an informational asymmetry on the market and information 

is retrieved by contacting a trader or broker. This is in contrast to Spencer (2000c) who 

stated that smaller traders are at a clear informational disadvantage but it is here shown 

that no such difference exists. 

Moreover, the current GoO trading process in Sweden, from an asymmetric information 

point of view, can be examined in the principal-agent model. As apparent, a potential 

seller or buyer of a GoO can choose to conduct the trade either bilaterally or through a 

broker or trader. As such, assuming that a trade carried out through a broker, a potential 

seller or buyer becomes the principal who enters an agreement with a broker, the agent. 

With the respective roles established, it is easy to point out the ex-ante information 

asymmetry between the two since there is little way for a principal to know what price 

that will be offered beforehand.  
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In addition, an agent is also more informed in regard to the demand and supply on the 

GoO market, as showcased by the matching process of one buyer and two sellers and 

told by the interviewed broker. 

Should the potential seller or buyer opt to conduct the trade bilaterally the matching 

process might become more difficult. Since it is clear that a potential seller or buyer 

contacts the intermediary for price information in the aforementioned principal-agent 

problem, this information needs to be retrieved from somewhere else on the market when 

trading bilaterally. If a seller or buyer cannot distinguish between what a “good” and a 

“bad” price is, this can result in a pooling equilibrium, as discussed by Spencer (2000c). 

This average market price will thus be the price that a buyer or seller settles on, even 

though there could be a potentially better matching. This information asymmetry aligns 

the situation with Spencer (2000c) and it springs to mind a potential market for lemons 

in the GoO market aligned with Akerlof (1970). 

The amount of information available will then, as stated by Hendrikse (2003), play a 

role in how well coordination and motivation will work. There may be coordination 

problems when participants have different amount of information (Hendrikse, 2003). 

One such coordination problem that is evident in the Swedish GoO trading is the trading 

of smaller volumes, primarily from micro produced energy. With the lack of a trading 

platform there need to be a search mechanism in place to find buyers, as stated by the 

controlling body “micro producers often sell their GoOs through their electricity 

provider since it is hard to find buyers for small volumes”. This indicates that even 

though there is a demand for GoOs, the coordination for smaller volumes is troublesome. 

In terms of how this affect the overall market, the trading will mostly be towards larger 

volumes and more standardised GoO products since the resources for coordinating 

smaller volumes exceeds the profits of buying them. This creating a type of adverse 

selection in the market. 

Another perspective related to information in the market, drawing from Blouin and 

Serrano (2001), is that when there is no central trading platform and trading occurs 

through bargaining, bargaining can continue over several periods if there is no 

agreement.  
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Bargaining over several periods will, according to Blouin and Serrano (2001), induce 

costs and might opt one of the agents to give in and agree to the terms put forward. 

Bargaining over several periods and concessions by agents are to some extent evident in 

the Swedish GoO trading process. As presented by both the broker and trader A, when 

two buyers meet they usually bargain over time frame and price for a certain volume 

before agreeing.  

Drawing from Leuz and Verrecchia (2000), one way to examine the amount of 

asymmetric information is to look at the bid-ask spreads and that a lower spread induced 

less information asymmetry. Due to the fact that there are no publicly available prices 

on GoOs, this was not an executable option for the authors to conduct. However, it is 

assumed that bid-ask spreads are increasing with more specialised GoO products since 

the prices found on these were relatively more volatile, which suggest that there is 

asymmetric information.  

5.1.4 Answer to Research Question 1 

Research Question 1; How can the GoO market and trading process be characterised 

from a perspective of transaction cost, transparency and asymmetric information? 

The characteristics of the GoO market and trading process, using the case of the Swedish 

GoO market, is that it has a rising demand, but volatile prices and the use of 

intermediaries. The market is illiquid, and intermediaries therefore act as the price 

mechanism. Transaction costs are derived from absolute costs of using intermediaries, 

but also the cost of receiving GoOs and gaining access to the online system, which are 

costs before trading occur. These costs are also the largest part of the absolute costs. The 

indirect hidden costs seem to make up the majority of the total amount of transaction 

costs. These derive from searching for counterparts, market information and bargaining. 

These costs skew the trade in favour of larger volumes. 

In terms of transparency, the market and trading process is characterised by being non-

transparent due to the small amount of publicly available data. The market lacks publicly 

available prices and a common trading platform. 
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This results in volatile prices for some GoO products, low liquidity and thus 

strengthening the notion that larger volumes are preferred over small ones. Lastly, in 

terms of asymmetric information for the participants in the market, it is evident that the 

amount of information regarding the GoO is enabling buyers to order specific GoOs. 

However, both larger and smaller traders share the same informational disadvantage 

concerning prices due to the low amount of publicly available data. Due to their key role 

in the market, the intermediaries are vital to access such information. 

The next part of the discussion will therefore discuss, based on the frame of reference 

regarding blockchain technology and smart contracts, the potential use of the technology 

in this market. Worth noting, also stated in the introduction, the aim for this part of the 

study is not to provide a recommendation of how the technology should be implemented. 

The aim of this part is to, based on the frame of reference regarding blockchain 

technology and smart contracts, discuss how blockchain technology could affect the 

GoO market and trading process in terms of transaction costs, transparency and 

asymmetric information. The second subchapter ends with an answer to the second 

research question. 

5.2 Part II – Discussion on Research Question 2  

Drawing from the frame of reference, blockchain technology allows participants in a 

market to meet and transact without an intermediary (Abeyratne & Monfared, 2016; 

Iansiti & Lakhani, 2017; Malinova & Park, 2016; Mengelkamp, Notheisen, et al., 2018). 

Another fundamental of blockchain is that the distributed database, as explained by 

Iansiti and Lakhani (2017), allows participants to access historical information regarding 

the transactions that has occurred in the network. The information is transparent and the 

same for all participants (Abeyratne & Monfared, 2016; Wright & De Filippi, 2015). 

Drawing from the first part of the discussion, the discussion of the Swedish GoO market 

and its trading process, it is evident that it is not fully transparent, and the amount of 

accessible information is limited. This results in transaction costs, the use of 

intermediaries and a skewness towards higher volume trades.  
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As presented, one advantage of blockchain technology is that it allows for efficient 

transactions between two unknown parties without an intermediary (Abeyratne & 

Monfared, 2016; Iansiti & Lakhani, 2017; Malinova & Park, 2016; Mengelkamp, 

Notheisen, et al., 2018). As such, intermediaries could potentially be omitted from the 

transaction if the matching of buyers and sellers of GoOs were conducted on a 

distributed ledger instead of using a broker. This is similar to what Abeyratne and 

Monfared,(2016) proposed in terms of trading financial assets. 

Continuing on using blockchain technology if, for example, a producer wishes to sell 

GoOs, the volume, the type of GoO product along with a price range could be stored on 

a block. Buyers of GoOs could then turn to the ledger to search for the desired order or 

place a block with the desired order. This is similar to the setup used by Wang et al. 

(2017) for microgrids where sellers of electricity place their asks, and these offers are 

matched with bids from customers. Similar to the setup by Wang et al. (2017), both 

smaller and larger volumes of trades could be assembled in blocks, which could allow 

for the market to better reach an equilibrium. 

The GoO market in Sweden could also potentially benefit from smart contracts which 

are, drawing from the frame of reference, a programmed code that will perform a 

function (Cant et al., 2016; Hileman & Rauchs, 2017; Shermin, 2017; Sillaber & Waltl, 

2017; Ølnes et al., 2017), when triggered by an event and some conditions are fulfilled 

(Cuccuru, 2017; Giancaspro, 2017; Shermin, 2017; Sillaber & Waltl, 2017; Ølnes et al., 

2017), for example “if x then y” (Cuccuru, 2017). As such, a smart contract could be 

placed on the blockchain in a national GoO network, specifying the price, volume, and 

type of GoO provided by a seller with the condition that if a buyer fulfils a payment of 

price X she will receive the GoO. Everyone with access to the network is then able to 

see this information. The potential buyer could then comply with the rules of the smart 

contract, thus triggering the event and execution of the contract and a trade is completed. 

This would effectively speed up the process, provide more information and ultimately 

make the whole process more transparent. 
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5.2.1 Blockchain Technology and Transaction Costs 

Taking a closer look at transaction costs in the GoO market, the absolute costs were 

mainly related to costs of using Cesar, brokers and traders whereas indirect cost stemmed 

from searching, bargaining and matching. In terms of absolute costs, the value of using 

blockchain technology in the Swedish GoO market is that it could allow for efficient 

trading directly between parties. This since it could remove the cost of using a broker 

for matching. However, the use of a blockchain matching mechanism is not without 

transaction costs.  

Drawing from the frame of reference, within a network, miners verify the transactions 

(Sikorski et al., 2017; Sillaber & Waltl, 2017) for a fee (Malinova & Park, 2016), which 

corresponds to another type of matching transaction cost. By looking at the example 

presented in part I of the trading cost associated with a trade of 200GWh or 25MWh, the 

trading costs were not considerably large (2,85 and 0,24 percentages respectively). 

Therefore, it can be assumed that the even if the use of a blockchain technology could 

lower the absolute costs of trading, it is assumed that it cannot lower it to a great extent 

due to it in itself giving rise to other costs.  

The use of blockchain technology could therefore be seen to have more value in terms 

of the non-transparent hidden costs associated with searching. By enabling participants 

to quicker find a counterpart search costs can be managed more efficiently.  Drawing 

from Kissell (2013), these hidden costs compromise the largest proportion of the total 

transaction costs, hence by having the potential to lower these costs there should be a 

value to use blockchain technology. However, this requires that there is a sufficient 

number of participants placing GoOs in the network, and as stated by Mengelkamp, 

Notheisen, et al., (2018) this requires that the technology is adopted.  

Continuing discussing whether the technology would be adopted or not, questions 

regarding the incentives towards adopting it must be put forward. In the current market, 

the cost associated with trading larger volumes is considerably smaller than the cost of 

trading smaller volumes. The participants in the market that trade larger volumes might 

therefore, in terms of lowering costs, not be incentivised to adopt a blockchain solution.  



87 
 

This because it is assumed that there will be other costs associated with the adoption of 

a new technology, and they might not be lower than the current cost associated with 

GoOs. If the larger volume traders do not adopt a blockchain solution, a question can be 

raised in terms of whether there is a sufficient amount of small volume sellers and buyers 

in the market for a blockchain to be valuable. In the Swedish market, as for 2017 the 

number of issued solar GoO, the production source mostly used by micro producers 

(Lindholm, 2017d), corresponded to, by examining table 4 on page 58 approximately 

0,04 percent of the total number of issued GoOs. If the large volume traders would opt 

out of implementing a blockchain, the market would probably not be sufficiently large 

with only micro producers trading solar GoOs. 

Continuing on hidden costs associated with the trading of GoOs, as proven by the 

example from the broker, there are indirect costs due to bargaining. By utilizing smart 

contracts on the blockchain, the discussed bargaining costs can also potentially be 

negated to some extent. By employing a virtual trading book, similar to that proposed 

by Wang et al., (2017), buyers and sellers can place bids and asks and if a bid is higher 

than asking price there will be an automatic match. 

However, related to the use of smart contracts to reduce bargaining costs is that the 

construction of smart contracts will in itself incur bargaining costs. Drawing from 

Sillaber and Waltl (2017), the conditions of the smart contract is determined by 

negotiation between the involved stakeholders. This negotiation will therefore give rise 

to another bargaining cost. 

Another disadvantage, as put forward by Cuccuru (2017), is that smart contracts has 

limited flexibility when released on the network. Since the GoO market uses different 

types of products, it would be challenging to create contracts covering all these different 

types of products and could in itself incur costs. As Cuccuru (2017) stated, smart 

contracts are suitable for standardized terms and measurable conditions. 

Turning away from trade related costs other absolute costs in the Swedish GoO market 

are the costs associated with Cesar. When discussing the impact of blockchain 

technology and transaction costs, a line has to be drawn where the use of a blockchain 

technology should be implemented in the process.  
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In for example supply chain (Abeyratne & Monfared, 2016) and energy (Mengelkamp, 

Gärttner, et al., 2018; Mengelkamp, Notheisen, et al., 2018), the chain starts when the 

product is created and that would, in the case of GoOs, start where the metering of 

production is done. The metering could then be transferred to a blockchain and a GoO 

could be issued on a block, traded by for example using a smart contract and be 

transferred into a new block when used. In terms of the current system, this would reduce 

the need for Cesar along with the absolute costs associated with accounts and issuing, 

as well as the indirect cost of administrative work when transferring GoOs. 

However, having the type of online system as Cesar is required and stated in the 

2009/28/EC directives (Directive 2009/28/EC, 2009). Therefore, by having all GoOs 

issued and transferred in one system, it enables for overview and control. If even some 

metering is sent directly to a blockchain network this would compromise the 

effectiveness of Cesar. The authors assume that in order for metering sent to a 

blockchain directly from the production source to work, all GoOs need to be placed in 

the blockchain network. As such, new questions will arise such as who will control the 

input and how the issuing will be carried out. In its current state, Cesar is the controlling 

function and overseen by a governmental organization (Malinen, 2015b). One point to 

put forward is how motivated the issuing body is to impose a new technology to the 

incumbents in the market. In addition, by who and to what extent will the costs of 

implementing this new technology be borne. As put forward by Cuccuru (2017), in order 

to set up a system of a blockchain, with a smart contract, a certain amount of knowledge 

is required and if the users do not possess this knowledge they need to rely on a third-

party to set it up. Even if the potential benefits are realized, the costs of the investment 

might be relatively high and thus motivating it will be hard. 
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5.2.2 Blockchain Technology and Transparency  

Turning to issues with transparency, Mengelkamp, Notheisen, et al. (2018) as well as 

within a report by the United Nations Development Programme (2018) explicitly state 

that blockchain technology offers transparency since it is intrinsic to its very design. The 

transparency that the blockchain can enable is quicker information to reach participants, 

hence enable quicker adjustment of prices. 

This corresponds to what Madhavan, (1996) argued that a more transparent market can 

achieve. Drawing from Malinova and Park, (2016) implementing a blockchain has the 

possibility to increase transparency by removing the intermediary and making it easier 

for small traders.  

The two advantages in terms of transparency could also have an impact on the Swedish 

GoO market. By implementing a blockchain, small trades could become more visible, 

along with an easier matching of a wider width of volumes, hence increase peer-to-peer 

trading. With the smaller traders and the example provided by the broker in mind, 

blockchain technology also offers a consensus mechanism in removing the aspect of 

trust, making it a trustless system. As proposed, due to the nature of financial securities, 

there is an element of trust (Spencer, 2000c) because of poor insight and this could 

potentially also be remedied by the technology. 

Drawing from Bloomfield and O’Hara, (1999), Madhavan (1996) and Manzano and de 

Frutos, (2014), increased transparency has the possibility to reduce volatility in prices 

and increase information efficiency. This, in turn, could increase liquidity and liquidity 

is, according to trader B, not high for some of the GoO products. By using a blockchain 

it has the possibility to increase liquidity by enabling easier access to information, which 

in turn could adjust prices quicker. However, drawing from Madhavan (1996) and 

Manzano and de Frutos (2014), to do so it requires that the market is sufficiently large. 

In terms of size, as stated earlier in this chapter, the network will only become large if 

there is sufficient number of participants. Hence, how well the blockchain can impact 

transparency and liquidity depends on the adaption. 
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Continuing on transparency, the prevailing information asymmetries, mostly to the 

disadvantage of smaller trades and the associated costs, could also potentially be 

remedied by blockchain technology since it offers equality among the participants on 

the network as well as making the transactions cost efficient (Mengelkamp, Notheisen, 

et al., 2018). In addition, the transactions will be verifiable (United Nations 

Development Programme, 2018) without risks associated with information monopoly 

discussed by Spencer (2000b).  

The enhanced transparency, offered by blockchain technology, could therefore 

potentially change this paradigm and make it easier for smaller traders to obtain 

information. 

5.2.3 Blockchain and Asymmetric Information 

Turning to the potential impact of blockchain technology on asymmetric information, 

drawing from the work by Notheisen et al., (2017), blockchain could allow buyers and 

sellers make better informed decisions. Resulting in lowering the impact of adverse 

selection. By allowing an automatically programmed code to find a counterpart fulfilling 

a buyer’s prerequisites, the errors of searching and choosing this counterpart could be 

lowered. However, as stated by trader A, when a counterpart is found there are credit 

checks involved. If the counterpart on the blockchain is anonymous this would be 

compromised, and if credit checks are of high importance, the use of an anonymous 

system is compromised. 

This leads into the question of how information using the blockchain could be accessed. 

Drawing from Sikorski et al., (2017), there are both permissioned blockchains and 

private blockchains. In terms of the implementation presented by Wang et al., (2017),  

participants should be given access to the blockchain network by a trusted party, for 

example a governmental organization. By having this solution, it is only the actors 

wishing to gain access to the information that will see it (Wang et al., 2017). In terms of 

the Swedish GoO market, a question to ask would then be who should get access to the 

blockchain and who would benefit from getting access to it. 
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As of now, in the current Swedish GoO market the participants have to apply to the 

Swedish Energy Agency to get access to the online system controlling GoOs and to 

control the ownership of GoOs. As stated by Biswas et al., (2017), when having a private 

blockchain with preselected miners, the level of trust towards the system might be 

higher. 

However, drawing from Sikorski et al., (2017), having a restricted access to the 

blockchain will lead to negotiations and the use of a central authority when deciding on 

which participants should have access to the system. This, in turn, creates another type 

of intermediary. 

Drawing from the discussion, whether the current controlling body would see a value in 

using a blockchain, the administrative work and costs associated with giving access to 

the system might reduce the incentives to implement this type of technology. 

Turning to another aspect of asymmetric information, a blockchain could potentially 

impact principal-agent problems, since participants will be allowed to carry out the 

trading themselves and discard an intermediary. Moreover, a remedy to problems 

concerning information and coordination, discussed by Hendrikse (2003), is offered 

with blockchain technology and the solution to the Byzantine Generals’ Problem 

discussed by Swan (2015). 

5.2.4 Answer to Research Question 2 

Research Question 2; How could blockchain technology potentially impact the GoO 

market and trading process, derived from a perspective of transaction costs, 

transparency and asymmetric information? 

Blockchain technology could, based on a discussion using the case of Swedish GoO, 

enable the reduction of using intermediaries for trade and enable peer-to-peer trading.  

This has the possibility to make it easier to transact both large volume trades as well as 

small volume trades. Continuing, the trading process could potentially benefit from 

using smart contract to speed up the process of transactions. Turning to how blockchain 

technology could impact transaction costs, the removal of intermediaries and a more 
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efficient matching of participants has the power to reduce both trading costs as well as 

hidden costs related to searching and bargaining. 

However, in terms of transaction costs using a blockchain could also give rise to new 

costs, such as cost associated with adopting new technology, or costs associated with 

determining conditions in a smart contract. 

Turning to transparency, blockchain technology has the power to increase transparency 

by allowing participants in the market a quicker access to information related to for 

example prices, products and volumes. This could then enable prices to adjust quicker 

as well. However, how well the blockchain can impact transparency depends on the 

number of participants adapting the new technology.  

In terms of access to equal amount of information for participants, blockchain 

technology provides equality among them and hence removes information monopolists 

by displaying the same information to all participants in the network. This making it 

easier to distinguish prices offered, counterparts as well as enhancing coordination. It is, 

however, doubtful if the right incentives are in place for an adaptation of the technology 

that will enable more symmetric information. 
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6. Conclusion 

The purpose of this chapter is to present the conclusions of the study. It will address the 

overall purpose and highlight the main findings from the case of GoO in Sweden and 

the potential value of using blockchain technology within this market. Lastly, the chapter 

will present limitations of the study and suggestions for future research.  

The purpose of this study was to explore if there is a potential value for blockchain 

technology, derived from transaction costs, transparency and asymmetric information, 

in another process of the energy industry beyond electricity trading. The process for this 

purpose was the market and trading process of GoO, using the case of GoOs in Sweden.  

By investigating the GoO market and trading process in Sweden, it is shown that the 

market uses intermediaries to cope with low transparency. It is also evident that the 

market has low amount of symmetric information. The combination of the two, giving 

a skewness to primarily large volume trades being conducted. The market also induces 

transaction costs where the major costs are associated with hidden cost of information 

searching and bargaining. In terms of absolute costs, some arise from using 

intermediaries but mainly due to getting access to the online system that controls and 

issues GoOs.  

Based on a theoretical discussion on the use of blockchain technology in the Swedish 

GoO market and trading process, blockchain offers a remedy to issues regarding low 

transparency, low amount of asymmetric information and transactions costs. This 

because blockchain technology enables trading without an intermediary, and a higher 

amount of symmetric information to participants in a market. The outcome is that both 

large and small volume trades occur along with enabling a more transparent market. 

However, uncertainty remains if there are incentives from the stakeholders in the GoO 

market to initiate such a technological implementation. This because the adoption of a 

blockchain solution requires other types of transaction costs and currently only small 

volume trades induce high transaction cost, simultaneously as these trades only 

constitute a small fraction of the market. 
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In conclusion, blockchain technology could add value to another process in the energy 

industry, the market for Guarantees of Origin, by improving informational flow resulting 

in enhanced transparency, whilst reducing transaction costs. However, it is questionable 

whether there are sufficient incentives from stakeholders in the market to advocate 

adoption of the technology. 

6.1.1 Limitations of the Study and Suggestions for Future Research 

In terms of limitations of the study one issue of concern is the low amount of data, 

especially in terms of prices and costs, that the authors were able to retrieve. The costs 

and prices used in the study might not give a representative picture of the Swedish GoO 

market. Related to costs in the market, although the end-customer is mentioned, albeit 

in more educational purposes, a limitation of the study is that they are not included even 

though they affect the demand for GoOs. Continuing, another limitation of the study is 

that the conclusions are only based on one case, the Swedish GoO market and trading 

process. This along with the fact that within this market the authors only looked at 

national GoOs, hence not the process and costs related to import and export of GoOs. 

Based on the limitations presented above, future research could therefore expand the 

scope and include multiple markets for GoOs, address the costs of the market by 

extending to include the end-consumer along with including the international trading of 

GoOs when discussing how blockchain technology could impact the market. 

By instead looking at the potential value of using blockchain technology in the energy 

industry another limitation of the study derives from the authors only looking at one 

process, the GoOs. In terms of future research one suggestion is to explore the potential 

value of blockchain technology in additional processes within the energy industry, and 

perhaps compare to see where it might induce most value. Also, this study explores the 

market from a perspective of transaction costs, transparency and asymmetric 

information. In addition, another suggestion for future research could be to explore the 

value of blockchain technology in a process within the energy industry from only one of 

the used perspectives. This to enable a more thorough examination of the potential 

impact of the technology in terms of the chosen perspective. 
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