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ABSTRACT 

 
Finland has committed to United Nations goal to cut greenhouse gas emissions to 

zero by 2050. To achieve this goal, something must be changed. Energy is essential 

part in any country’s activities and it creates currently significant amounts of 

greenhouse emissions. To address this problem, new kinds of energy market has 

to be researched. This market would use blockchain as its core technology, in order 

to cut middleman out of the equation. These new markets would be peer based to 

achieve greater level of decentralization. This would mean, that energy is produced 

near to the place where it is consumed, in relatively small amounts. For this kind of 

business, photovoltaic solar systems are suitable to be researched. Without storage 

batteries, it is almost impossible to consume all the energy produced by solar 

system. Therefore, this system creates surplus energy, which should be sold locally. 

This would create unique energy markets, which consists of prosumers and 

consumers. At the moment, it is possible to sell surplus energy back to the grid, but 

it is not economically attractive. This mixed method of qualitative and quantitative 

data research is looking into different futuristic scenarios, in order to predict what 

would happen, if certain events happens. These events are for example tax 

reductions, or deregulating some unnecessary regulation and laws.   
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Suomi on sitoutunut Yhdistyneiden kansakuntien tavoitteisiin vähentää 

kasvihuonepäästöjä nollaan vuoteen 2050 mennessä. Jotta nämä tavoitteet olisi 

mahdollista saavuttaa, joitain tapoja on muutettava. Energia on välttämätön 

yhteiskunnalle, mutta se tuottaa merkittävän määrän kasvihuonepäästöjä. Tätä 

varten uudenlaista tutkimusta on tehtävä eri liiketoimintamahdollisuuksista. Tämän 

työn malli poistaisi kolmannet osapuolet yhtälöstä, ja olisi täten yksittäisten 

toimijoiden hajautetut markkinat. Sen seurauksena energia kulutettaisiin siellä, 

missä se on tuotettu. Tämä olisi lähtökohtaisesti pientuotanto ja tähän malliin sopii 

hyvin aurinkojärjestelmät. Ilman energian varastointimahdollisuutta, sitä on melkein 

mahdoton omassa taloudessa täydellisesti kokonaan. Tämän vuoksi, 

aurinkojärjestelmät tuottavat ainakin hetkellisesti ylijäämäenergiaa, joka tulisi 

myydä mieluiten lähialueelle. Tämmöiset markkinat olisivat ainutkertaiset, sisältäen 

kuluttajatuottajia ja kuluttajia. Tällä hetkellä energianmyynti on mahdollista takaisin 

sähköverkkoon, mutta se ei ole taloudellisesti houkuttelevaa. Tämä määrällisen ja 

laadullisen data yhdistelmätutkimus tuottaa tulevaisuuden skenaarioita, jotta 

voitaisiin ennustaa mitä tulevaisuudessa tulee tapahtumaan, jos tietyt asiat käyvät 

toteen. Näitä asioita ovat muun muassa verohuojennukset ja regulaatioiden 

purkamiset tiettyjen regulaatioiden ja lakien osalta.  
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1. INTRODUCTION 
” Instead of putting the taxi driver out of a job, blockchain puts Uber out of a job 

and lets the taxi driver work with the customer directly.” 

-Vitalik Buterin 

 

Technology is evolving, greener solutions are needed and people are more 

knowledgeable than ever. The purpose of this master’s thesis is to dig into a 

research gap, which is between blockchain and sharing economy. Sharing economy 

was firstly introduced somewhere 2010, and there are many different concepts 

regarding to that. However, the consensus is that the sharing economy is peer-to-

peer markets where middleman has created platform to work within. Most common 

examples are Uber and Airbnb, where ordinary citizens can either lend their 

apartment to other people, or can use their car to drive people around. Today, the 

role of middleman is challenged. There may be no actual need for middleman, and 

therefore we could move to true peer-to-peer sharing economy, fueled by 

blockchain.  

 

There are people, who truly believes in decentralizing everything. In this master’s 

thesis, a study is conducted to find out if it is suitable for energy sector. To be more 

accurate, the study digs into solar panel markets and to the question, if the solar 

panel owners could become from consumers to prosumers. To persons who has a 

power plant on top of a roof, or actually it can be everywhere. Today, solar panels 

in Finland are measured to fulfill that person’s capacity only, because there are no 

real markets to sell surplus energy. What if that person wants to achieve greater 

level of green energy? Also, United Nations has published target goals to be 

reached. Most of the goals are related to sustainable energy and that energy is 

accessible in every corner of the world. (United Nations, 2018) To achieve the goals, 

research like this must be done. In the beginning, these kinds of technologies can 

be expensive, but eventually decrease in price. Therefore, mass adoption in 

developed countries can lead to more affordable solutions in developing countries, 

where real sustainable problems are faced, since there is no electricity available for 

everyone. Even though this thesis is not going to study the impacts it could have to 
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developing countries problems, there is great possibility that it could have impact, 

which must be studied later on. 

 

Solar energy is theoretically interesting concept to be studied in this research. If we 

could capture all the sunlight that hits the surface of Earth, our daily energy 

consumption would be fulfilled in 14 seconds. In other words, our yearly 

consumption could be gathered only within 88 minutes, with basically zero 

greenhouse gas emissions. The only problem is to do it monetary-wisely. One 

solution to accelerate mass adoption could be peer-to-peer markets amongst the 

traditional wholesale markets. Obviously, we do not have to collect that much solar 

energy, since there are other renewable solutions to balance the scale too. For this 

research, solar energy is clear choice, because the prices have fallen dramatically 

and it fits the purpose of satisfying household’s needs of energy. Ramez Naam 

suggested in Scientific American that solar cells follow Moore’s law. The evidence 

shows that there is approximately 7 percent yearly reduction in the prices of solar 

cells. (Naam, 2011)  

 

Therefore, there could be marketplace for ordinary persons, who invested in energy. 

Energy has and will have some kind of value. Therefore, the question is this: Should 

a person invest to solar power? There are monetary benefits and immaterial values, 

such as green energy to be considered. In this research, there will be scenarios to 

predict the future implications. Outcomes remains to be seen, yet the direction 

seems to be something called the internet of energy. If we could build our energy 

grids from scratch now, would they be the same? Need for clean energy, 

digitalization, decarbonization and decentralization puts the energy grids in different 

and more difficult task. However, innovations flourish when needed. Cedrik Nieke 

(2018) from Siemens names five problems that internet of energy could solve. For 

example, smarter grids are more reliable and data collection creates new 

opportunities, since there are plenty of data available in decentralized systems. 

Systems, where energy is consumed where it is produced. The upgrade seems to 

be inevitable, but market forces will probably slow it down, since it is quite 

expensive. Strong political will is needed, to create working markets to accelerate 

the movement.  
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1.1 Background of the research and relevance 
In 2008, during economic crash, person or a group called Satoshi Nakamoto 

published their whitepaper and introduced world to this new radical innovation, 

bitcoin. During those days, the very few who had interest in this “nerd money”, saw 

it purely as the new money to solve our financial problems. But from those days, ten 

years later we are discussing about every kind of value, which can be transferred in 

blockchain. For example, measuring energy, making that transaction and 

certificating that energy’s origin, and if it is for example solar power, it can validate 

that too. Few years later to Satoshi, around 2010 the academic discussion got new 

terminology on sharing economy. There is no fact about who introduced it first, but 

today it is widely known term and it consists of many sub-terms like collaborative 

economy. The main idea of sharing economy, is that the power moves to the 

consumers. For example, Uber and Airbnb are platforms to do business in 

decentralized way, where everyone with permission can participate. Airbnb is like 

hotel, but you only need your apartment to get involved. Uber is the same for car, 

you can sell your rides to people in need. Ranjbari et al. (2018) conducted a study 

where they searched scientific articles about sharing economy and conceptualized 

the term sharing economy. They found out that the number of articles has risen year 

by year, which is illustrated in figure 1. 

 
Figure 1. The number of papers reviewed by Ranjbari et al. (2018) 

 

This master’s program of Strategy, Innovation and Sustainability have given the 

insight for combining these two solutions. This radical innovation, which will most 
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likely disrupt the markets at least in some level and the green idea of sharing 

economy. There is clear need for academic discussion and research on these 

topics. There are already start-ups creating solutions for these problems, but very 

little academic research on actual use cases. To name few, grid+ is developing 

hardware and software to have Ethereum based energy decentralized application 

(Dapp), which they refer as smart agent (gridplus, 2018, 5). Also, LO3Energy is 

building similar systems and they produced first ever peer-to-peer energy 

transaction in United States (LO3Energy, 2016). PowerGrid has biggest market 

capitalization (54M€) for these kinds of businesses (Coinmarketcap, 2018).  

 

The purpose of this study is to find the fundamentals and key concepts of solar 

energy markets. Forecasting the price and efficiency of solar panels and look into 

different types of innovations such as build-in solar panels like rooftop tiles. One of 

the key element is to calculate, how much solar energy costs to produce in future. 

Another aspect is to cut out the intermediaries to create better and profound peer-

to-peer network where value is truly shared in the network.  

 

Figure 2 illustrates the basic layout of microgrid, which is also the focus on this 

thesis. For the purpose of getting more accurate results and for the idea of 

distributed energy, microgrids works perfectly. From figure 2 this thesis will focus on 

renewables and to be more precise, solar energy. In addition, discussion part will 

consider more futuristic innovations, such as electric vehicles with solar panel 

investments. This type of microgrid can be for example housing cooperative or rural 

cottage area without connection to utility grid. Therefore, it is seen as an island, 

which operates locally. 
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Figure 2. Microgrid layout (Source: Center for Sustainable Energy) 
 

1.2 Delimitations, exclusions and assumptions 
This thesis will have lots of delimitations, exclusions and assumptions due to its new 

of a kind nature. Biggest delamination is regulations and legislation since there is 

none for this kind of technology. At least there is no working one, and it is a problem 

to be fixed in future. For example, contractual law could be applied to smart 

contracts, but it is not clear yet. (Lauslahti et al. 2017, 4) For the purpose of this 

thesis, these are not to be considered as boundaries. There will be few scenarios 

where optimal legislation is hypothetically applied. In these scenarios, there are high 

relationships with political decisions to what could happen in markets. 

 

Secondly, the technical aspects are limited. This research is based on economic 

point of view and therefore there will be limitations of technical aspects, such as if 

current houses and energy grids are even ready for this kind of implementation. Or 
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can blockchain actually even scale up to process billions of micro transactions. Due 

to these reasons, hypothesis is that these problems are to be fixed in future, and 

not to be considered here. 

 

This thesis will be theoretical with its calculations and hypothesis, but it will be 

reflected to Finnish energy markets to see the real potential. There would be need 

for different energy options such as wind energy and thermal energy. However, solar 

energy is chosen since it is the most common source for households to create own 

energy at the moment. Using only solar energy, we cannot actually predict what 

would happen in real markets since it produces energy only when sun is up and 

clear without clouds. Therefore, for example adding wind turbines to create wind 

energy would add another option to create energy when it is not shining.  

 

Battery technologies will be crucial solution to implement in smart grids. However, it 

is delimited out the study, since it would be too wide research. According to Roland 

Berger (2017, 5), global capacity of battery storage, excluding hydro storage will 

grow from 400MWh (2015) to massive 50 GWh (2025). This implicates the 

importance of battery technologies when decentralized energy evolves. However, 

in discussion part electric vehicles are considered as storage batteries. As 

mentioned earlier, the whole peer-to-peer network is much bigger than just solar 

panels. Therefore, the increase of electronic vehicles plays significant role, if 

implemented properly. Those could play big role in example balancing the energy 

levels in grids.  

 

Also, this research focuses on implementing blockchain to create p2p markets for 

solar energy. It could be managed by simply using one database, or by other 

solutions. These are not in focus of the research, but will be shortly discussed later. 

In addition to that, one assumption is that the whole energy sector will not be totally 

decentralized. There will always be room for industrial-size power plantations, but 

their role is discussed further. The adoption of solar energy is easier with lower 

prices, therefore bigger solar panel plantations can accelerate that. To sum up, the 

purpose of the research is not to seek total decentralization of the energy sector, 
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rather to create working model of p2p markets besides to the existing wholesale 

markets.  

 

Finland is chosen to limit this research, and it is chosen because of available data 

and it is interesting market, since it has variation between months and Finland is 

one of the most developed countries in the world. Decentralization aspect is chosen 

because it is the wisest option to produce energy where it is consumed, because 

there are significant energy losses when distances grow. For example, Sahara 

Desert could be fulfilled with PV solar systems, but it is not wise, since the 

distribution will cut the profits. For this reason, decentralized energy system is under 

scope in this research to measure its potential in Finnish markets.  

 

1.3 Research gaps 
Since 2010, the concept of sharing economy is evolved by researching it. There are 

lots of academic discussion on sharing economy and academics have reached a 

consensus on the basis of sharing economy. Also, blockchain as technology is 

proven itself. Yet remains to be seen where it could go by innovations and further 

research. It started as technological disruption, where mainly new concepts were 

tested by bunch of coders. It has evolved to phase where institutions are involved 

and lots of academic discussion is taken into place. However, there are lots of 

applications, which lack of research in blockchain area. This research will fulfill the 

research gap on decentralized energy application on blockchain.  

 

Also, as sharing economy has its role in academic discussion, there are very little 

number of research on concept of ‘true sharing economy’. It is idea, where sharing 

economy’s positive ideas are kept and the role of intermediaries are questioned. 

There must be more academic discussion on the role of intermediaries. This 

research digs into that research gap. Do we need a company in between to manage 

everything? Tapscott and Tapscott (2016) argued that Uber is 65-billion-dollar 

aggregation business. It is interesting note, since Uber is one of the most common 

examples of sharing economy. However, if the perspective is changed to 

corporation point of view, it is actually not sharing anything but aggregating other’s 

vehicles. Tapscott and Tapscott (2016) also suggests that it all could be managed 
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in blockchain and it would be much better solution. To illustrate this transformation 

from current situation, to the situation where technology could lead, figure 3 is 

provided. Traditional energy markets include business between wholesale operator 

to energy distributing companies to end consumer, including banks between every 

step. New model, introduced later on this research, provides markets, where 

prosumer and consumer can have peer-to-peer sales, without the trust of third 

parties, such as banks and energy distributors.  

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 ….  

Figure 3. The change from traditional energy markets to the new p2p energy 

markets. 

 

To sum up, even though there are start-up companies already focusing on this type 

of decentralized applications, there are still research gap to be noted here. This 

research will contribute to that by providing results from Finnish point of view. If the 

results suggest that there is possibility to have true p2p solar energy markets in 
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Finland, it should be easily adopted to sunnier countries too, even though the sun 

is only one aspect to be noted. Mattila et al. (2016, 3-5) have conceptualized this 

type of blockchain based small-production energy markets in Finland, but it is quite 

technically orientated study, while this research contributes more towards economic 

aspects. On technical perspective, it is possible to build this kind of smart metering 

system, which would allow peers to sell and buy electricity from each other (Mattila 

et al. 2016, 3-5) In addition to that, the research institute of the Finnish economy 

has produced demo project with Fortum Oyj to illustrate the actual programmed 

code in Ethereum based Solidity. They suggest further research in various areas, 

but also to the adoptability of these mechanisms, which is where this research is 

contributing. (Hukkinen et al. 2017) 

 

1.4 Research question 
For the purpose of the study, only one research question is conducted to answer 

how blockchain technology can change energy industry to more decentralized way. 

This research does not give an answer, if everything should be decentralized in the 

field of energy, but instead it focuses on how solar energy could lead us to situation 

where an investment to solar panel and other solar solutions could be more 

beneficial with prosumer thinking. Interestingly, there are no good solutions today 

for surplus energy from normal households. Basically, if a person who owns solar 

panel on top of the roof wants to sell the surplus energy, he/she will compete against 

wholesale prices with reduction of price because it uses energy grid. Since energy 

grid is a natural monopoly created to benefit everyone, it has to work perfectly. 

However, should a person pay more than he/she uses the grid? Currently, local 

microgrids are as expensive as long-distance energy grids to use.  

 

Therefore, if a person could sell his/her surplus energy to his/her neighbor, only a 

fraction of the energy grid is used. This leads to a question, should it be politically 

ensured that this natural monopoly works in a way, which takes into consideration 

local decentralized energy markets? It does not make sense to build other energy 

grid, therefore a solution must be found in the existing one. However, there are 

areas without energy grid, such as summer cottages in Finland, which is reflected 

in this study. These rural areas could create energy grid “islands”, where they have 
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cables and sources of energy, such as solar panels. It is possible for them to create 

a working system, where batteries storages energy and so on, but it is extremely 

hard to have the same quality as the national energy grid provides. However, it could 

be good enough for summer purposes.  

 

Also, Finland has energy taxes and on top of that, value added tax (VAT). Energy 

tax for household in Finland is currently 2,253 cents of euro/kWh 

(valtiovarainministeriö, 2018). These taxes increase the price of electricity 

significantly. This creates a gap between the value what consumer gets by using 

self-produced solar energy and what is the market price for surplus energy. This is 

one of the biggest reasons, why solar panel investments are calculated in a level, 

where the peak production meets peak consumption. This thesis considers if a tax 

reduction could lead to a situation where investments are bigger and therefore, 

increases the total amount of solar energy produced in each household and in 

addition, the surplus energy sold locally.  

 

Research question is formed as following; 

RQ. How, and to what degree blockchain technology can decrease 

 the payback time of solar energy investment? 

 

1.5 Structure of the research 
The research starts with introduction, which is broad overview of the phenomena 

under scope. It explains reasons why this topic is chosen and why certain theories 

are applied. Research gap is questioned and explained why this thesis will fulfill that 

gap. Research question is explained with speculation of things which could happen. 

This first part is quite broadly constructed and it will narrow down to the more specific 

research question. 

 

In the second part of the study, theoretical background and framework are 

explained. All the scientific theories and concepts are explained in this section, 

which eventually creates the framework for which this study is based on. This part 

introduces theories of blockchain and much more to build-up later on. Also, the 

scenarios for further analysis are introduced but continued in the third chapter 
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research process. The basic core for scenarios are taken from Roland Berger’s 

(2017) research. Those scenarios are slow-moving market, market apathy, 

fragmented evolution and green revolution. Green revolution is the goal to be 

achieved and it is discussed how to get there. Research process also explains the 

data collection process and why certain data is used. Current situation, to what 

every other scenario is then compared, is created with mainly quantitative data 

gathered from various sources. After that, data collection focuses on qualitative data 

gathered from online sources and from professionals. Reliability and validity of data 

is in important role and is considered in this chapter.  

 

Fourth part of the research is the results chapter. These are the results from 

previous chapter’s data collection. This is quite analytical chapter and goes through 

numbers. This chapter emphasize the clear evidence, provided by collected data. 

Therefore, little amount of speculation is used in this chapter. This chapter creates 

four different scenarios, introduced by Roland Berger. In addition, several other 

scenarios are considered shortly. This chapter works as pre-chapter for further 

discussion. 

 

Discussion chapter is broader and have lots of speculation. This chapter is based 

on theoretical framework and results. It is also a chapter, where new business 

models and other things out from research question are discussed. Such as, 

proposal of new prosumer business model, where prosumer does not pay any taxes 

for surplus energy to accelerate photovoltaics adoption. Could this be political 

direction of Finland to gain international recognition of renewables field?  

 

Last chapter is conclusions and it is a chapter, which concludes main points from 

the research. It will not contain anything new, but work as a concluding chapter for 

readers to have clear idea of the whole research. Reader can choose to read only 

conclusions –chapter to have full understanding of the results found in this research.  
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2. THEORETICAL BACKGROUND AND FRAMEWORK 
Theoretical background for the research will consists of sharing economy, p2p 

energy trading, blockchain technology, scenario analysis and photovoltaic solar 

panels. The concept of sharing economy will be transferred into new level from 

today’s academic discussion. There are not yet any consensus of the name for this, 

but here it is called true peer-to-peer (tp2p) sharing economy, since it will cut the 

middleman, which is still today considered to be key part of sharing economy.  

 

Truly decentralized economy will need to rely on blockchain to create immutable 

ledger for value and information. Proof-of-work (PoW), Proof-of-stake (PoS) or 

something completely else could address the problem of trust in network. It also has 

to have advanced cryptography to make it impossible to hack, or to change 

anything. With these conditions, tp2p economy can flourish and value stays within 

the network. In addition, this network is transparent and everyone can access it, 

from the big energy companies and even the smallest solar panels by themselves.  

 

This research will find an answer whether or not these new technical and conceptual 

innovations will lead to decrease of the payback times of solar panels and therefore 

would look like better investments in future. For this, there will be investment 

calculations considering the current situation and after that, comparison to future 

events. Future events will be different scenarios, which are created by scenario 

analysis.  

 

This chapter provides theoretical framework, which is illustrated in figure 9. This 

research is based on the evidence provided in this chapter. By creating tp2p markets 

in blockchain ecosystem, it should benefit peers within the network without having 

the traditional trust from third parties. Photovoltaics are chosen, since they provide 

sustainable energy, but also it is becoming economically notable too. This chapter 

is theoretical with citations to existing literature.  

 

2.1 From Sharing Economy to True peer-to-peer Sharing Economy 
According to Botsman (2015), there are plenty of terms used to conceptualize 

sharing economy. In her words, sharing economy is “systems that facilitate the 
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sharing of underused assets or services, for free or for fee, directly between 

individual or organizations” (Botsman, 2015). The idea of this chapter is to create 

better version of old existing sharing economy. This is done by examining existing 

sharing economy and adding the advances of blockchain, which is explained later 

on. Ranjbari et al. (2018, 7) conducted a study to conceptualize sharing economy 

by searching and analyzing literature in the field of sharing economy. They found 

and defined key pillars to sharing economy, which are illustrated in figure 4. The first 

thing they identified is online platform, which is something to be considered in this 

new sharing economy. Online platform was highlighted in 67 percent of the studies 

analysed. (Ranjabari et al. 2018, 7) They also defined intermediary role, which also 

can be questioned. The role of intermediaries is usually creating trust between 

different parties involved in transactions. Kipnis (1996, 39) argues that trust between 

organizations and interpersonal relationships leads to good action, while distrusting 

will eventually lead to bad situations. Tapscott and Tapscott (2016) argues that there 

is no need to create trust in networks, since blockchain does it automatically. 

 

One interesting feature noted is sustainability, which according to Hamari et al. 

(2015, 2055) is an important factor when positive attitudes towards sharing 

economy is measured. In other words, sustainability seems to have positive impact 

on attitudes. This reflects also to Heinrich’s (2013, 230-231) findings that umbrella 

term sharing economy have great potential to become sustainability oriented field 

of research and business. However, economic factors are still biggest influencer 

(Hamari el at. 2015, 2055). 

 
Figure 4. The main features of sharing economy. (Ranjbari et al. (2018)) 
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Schor (2014, 11) argues that sharing economy as a new business model provides 

fairly divided profits for all. Therefore, the consumer, provider and the owner of 

platform all will win compared to the traditional business models. Also, this will open 

up completely new resources in use, such as empty room for short-period rental, or 

selling surplus energy. (Schor, 2014) However, Laczko et al. (2019, 214) argues 

that most of the sharing economy businesses fails to capture the value they create, 

thus having quite short lifespan. It seems, that platform model is emphasized rather 

than questioned. Figure 4 defines online platform and the role of intermediaries. 

However, this research is questioning the role of those. Blockchain and 

decentralized autonomous organizations (DAO) could provide solution to this. That 

is basically a platform too, but it is organized by peers and value is left for peers. In 

addition, then the role of intermediaries is questioned. Is there a role, and if yes, 

how big the role will be in this new business model?  

 

Allen (2015, 25) recognized sharing economy as 75-billion-dollar business for 

platforms. However, Tapscott and Tapscott (2016) argues that Airbnb and Uber are 

aggregating businesses more than sharing economy. Also, they collect enormous 

amounts of data while doing so. According to them, blockchain is suitable solution 

for this. It can provide better Airbnb with more security and cheaper price, since 

there is no need to pay for intermediaries. They call this true peer-to-peer sharing 

economy. (Tapscott & Tapscott, 2016, 17-18) This research will contribute on this 

new-of-kind business model research gap. There is very little amount of academic 

discussion on this matter.  

 

2.2 Peer-to-peer energy trading 
To decentralize energy, there must be working marketplace for surplus energy. 

Currently, the marketplace is the traditional third parties, who sells the energy to 

consumers. Lauslahti et al. (2017, 7-8) identifies IT platforms as systems to organize 

business between different parties, thus benefitting the whole ecosystem. However, 

it can be also managed equally by the peers. Instead of doing business-as-usual, 

peer-to-peer (p2p) energy trading systems could revolutionize the marketplace. It 

remains to be seen, if it can take control of the whole markets, but there is no reason 
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why these two could not work together. However, if the movement is towards p2p 

trading, there are requirements for the system. 

 

If third-parties are involved in creation of the p2p trading platform, it is almost 

impossible to do it without centralizing all parties’ data, fees and other needed 

information, because there would be millions of transactions in short period 

intervals. This centralized system would be easy and cheap to create, and such 

platforms exists already in many fields. Chen et al. (2012, 1525) identifies few 

advantages, such as reliability and easy maintenance in centralized databases. 

They also found that when there are more than two peers, decentralized systems 

will gain advantages (Chen et al. 2015, 1545). Therefore, there is solution, which 

would be decentralized, cheap and it reaches to new-level speed. That system is 

based on blockchain. (Powerledger, 2018, 8) Aitzhan and Svetinovic (2016, 13-14) 

proves in their study that this blockchain-based p2p energy trading is secure and 

anonymous, and there is no need for trusted third parties. This higher privacy and 

security means that no financial or personal data can be leaked and it is in safe of 

currently known attack methods (Aitzhan & Svetinovic 2016, 14). Li et al. (2017,9) 

also found that blockchain-based energy trading is secure, but also it can be more 

efficient and is effective in its purpose.  

 

Zhang et al. (2018, 2-3) proposes four-layer architecture with three dimensions, 

illustrated in figure 5, for p2p energy trading. The first dimension includes key 

functions on p2p energy trading. Those key functions are divided into four-layer 

architecture. The first layer is power grid layer and it consists of the power system, 

including for example the grids and smart meters. These are the components for 

physical trading of electricity. Second layer, the information and communication 

technology (ICT) layer consist of different communication devices, information 

flows, protocols and applications. The third layer is called control layer. Its function 

is to manage energy distribution with quality and reliability. It includes things like 

voltage and frequency control. The last layer, business layer is the actual 

marketplace, consisting of peers, suppliers, distribution system operators and 

market regulators. This section offers many solutions for p2p energy trading. The 

second dimension is divided by the amount peers from individual premises to 
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regional level. Third dimension it the time dimension of the transaction process. 

Three steps are recognized as following: bidding, exchanging and settlement.  

(Zhang et al. 2018, 2)  

 
Figure 5. Four-layer, three dimensional p2p energy trading illustration. Source: 

Zhang et al. 2018.  

 
P2p trading does not necessarily mean that peers are humans. Alvaro-Hermana et 

al. (2016) studied p2p energy trading between electric vehicles. In their model, 

electric vehicles would work as transformative storage batteries, which could take 

some load off from main grid, thus balancing the whole energy systems. Their 

results are promising, and could be significant element for the whole movement of 

decentralized energy systems. More studies like this must be conducted, to find 

optimal and probably new possible solutions.  

 
2.3 Decentralized autonomous organizations (DAO) 
To create truly decentralized peer-to-peer network without intermediaries, there 

must be few fundamental things such as trust and system to manage everything. 

This can be done by programming and there are few options to do that. Blockchain 
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is by far the most advanced one, therefore it is selected for this study. There are 

alternatives, such as Hedera Hashgraph, which has its own unique characteristics 

such as better scalability at the moment (Hedera Whitepaper, 2018). Further 

research on these are required in future to find optimal solutions.  

 

Decentralized autonomous organizations (DAOs) are peer-to-peer organizations 

where are no intermediaries or middlemen for central control. Those work on 

distributed ledgers called blockchain, which is public record for every transaction 

made in that network. It reaches consensus and trust by using proof of work (PoW), 

Proof of Stake (PoS) or some another system, but these two are the most used 

ones. It is cryptographically secured peer-to-peer network. Governance can be 

handled with simple, or really complex smart contracts. Everything what can be 

programmed, can be turned into smart contract. Antonopoulos (2017, 90) said “The 

corporation itself is a contract…Ethereum can reinvent what it means to be a 

corporation in the modern world: the very essence of a corporation, the 

decentralized autonomous application, or DAO.” He means, that we may not need 

corporation structure, or any hierarchy in future. Energy markets for example, could 

be just smart contracts in blockchain. In addition, smart contract does not have to 

be human and the network does not restrict anybody. Therefore, smart contract 

could be applied to solar panel system to handle transactions and everything, 

without interaction with humans. That said, who is the owner of the energy then? It 

could lead to a situation where someone invests into smart contract, which is 

programmed to maximize the profit from solar panel industry. Then, the contract 

self-orders the best possible solar panel, or another option to produce solar energy. 

Then it handles the transactions, maybe the person who invested gets free energy 

and the smart contract sells automatically the surplus energy to other peers. With 

that money, it could invest to more panels or share the value with investor with 

dividends. Anything is possible, and thus the whole business model is under scope 

now.  

 

2.3.1 Blockchain 

Don Tapscott and Alex Tapscott wrote in their book Blockchain Revolution (2016, 

4-11) why blockchain is changing the world. According to them, we are moving from 
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World Wide Web (WWW) to World Wide Ledger of value, which means distributed 

ledger available for everyone. Figure 6 illustrates the blockchain, which starts from 

genesis block. That is the first block of its chain and the chain keeps on growing 

block after block. Different cryptocurrencies have different methods, but bitcoin has 

10 minutes intervals so about every 10 minutes new block gets created and 

validated and added to the chain. Eventually, blockchain is a record of every 

transaction made in that blockchain. Each block points to the immediate previous 

block and has timestamp and hash value of the previous block, which is then called 

a parent block. Tx refers to transaction, which can be anything that can be coded, 

not only money transaction. Nonce is randomly generated number and with 

timestamp it proves that it is the actual block in blockchain. (Zheng et al. 2017, 4) 

 
Figure 6 An example of blockchain structure.  

 

Satoshi Nakamoto (2008) proposes in his/their whitepaper “The network 

timestamps transactions by hashing them into an ongoing chain of hash-based 

proof-of-work, forming a record that cannot be changed without redoing the proof-

of-work.” This means that it is basically immutable, at least without consensus of 

doing so. More about proof-of-work later in the sub-section.  

 

Since blockchain can transfer value, it is worth to note what can be considered as 

value. Here in the research, most of the value comes from actual money by selling 

energy in p2p network. But also, it can transfer record of how green is the energy 

sold. For example, if a person has solar panel certified and some metering systems 

and connected to internet, it can sell the energy with proof that it is green energy 

from solar panel and in addition, there can be numbers, like how many kilometres it 

has to run over power grid by using location data. Future possibilities are endless 

when blockchain, AI, IoT and big data for example are used together in innovative 
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way.  Your solar panel could gather data from sun, like how much there are sun light 

during the day in each day of the year and sell this data to interested parties and 

got paid in real time. (Tapscott & Tapscott, 2016) 

 

There are three types of blockchains. Public blockchain, consortium blockchain and 

private blockchain. The key elements of each type of blockchain is illustrated in table 

1. However, in this thesis we consider only public blockchain, because it is the most 

open one and the two others move more centralized way. More centralisation means 

more efficiency in network, but the trade-off is the power balance and in true p2p 

network it should be equal.  

 
Table 1. Three types of blockchains.  

 

2.3.2 Consensus mechanism by Proof of work/Proof of stake 

To achieve decentralized consensus without trusted third party, which is the idea of 

this research and the fundamental in cryptocurrencies, needs clever system often 

referred as mining. Mining term comes from the process, where often new 

cryptocurrency coins/tokens (bitcoin) are created as a reward for CPU (central 

processing unit), input in case of the most common consensus mechanism proof-
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of-work (later PoW). In more theoretical words, honest nodes in network participate 

in finding PoW to every block in the chain, thus using their computing power. In PoW 

mechanism, nodes spent enormous amount of CPU, which consumes energy. In 

other words, nodes are staking money in form of energy, to find PoW. Every honest 

node follows the longest blockchain, and if someone tries to manipulate it, they have 

to do the PoW, which is already done again to change something and then they 

would need to catch up the new blocks in the chain. If there are enough honest 

nodes, this process is considered to be close to impossible to hack, and trying that 

costs a lot. (Antonopoulos, 2016, 635-655) According to Nakamoto (2008), PoW is 

essentially one-CPU-one-vote and if the vast amount of CPU is on honest nodes, 

the correct chain will grow fastest and outpace any competing chains. 

 

However, lots of arguments are against PoW since it consumes huge amounts of 

energy. There are plenty of other solutions offered by crypto community, but it 

seems that Poor-of-Stake (later PoS) is the biggest challenger, since it does not 

consume any energy. King and Nadal (2012) proposed in their whitepaper that there 

is no need for energy consumption to provide the security needed. PoS means 

basically a proof of ownership of the currency. In other words, nodes use the 

cryptocurrency as a stake to create consensus mechanism. BlackCoin is one of the 

first purely PoS cryptocurrencies, but even they admit that there are problems to be 

solved in PoS. There are security issues and people are concerned about 

centralization trough PoS, since staking your asset could mean that rich get richer 

and thus centralizes the entire network. (Kind & Nadal, 2012, 1-4; Vasin, 2015, 1-2) 

 

Even though there are unsolved problems in both, Pow and PoS, Ethereum is 

moving from PoW to PoS according to the developers. Ethereum is a consensus 

project, meaning it will do what consensus wants to do. According to Langley (2018), 

Ethereum is publishing Ethereum 2.0 during the year 2019 and that will include the 

movement from PoW to PoS, which is great if we consider the environmental impact 

of blockchains.  
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2.3.3 Cryptography 

Cryptography is needed in DAOs for security reasons and it is built in blockchain 

technologies. The most common system, used in bitcoin is explained by Andreas 

Antonopoulos in his Mastering Bitcoin (2016). According to Antonopoulos, there are 

three parts of bitcoin cryptography to create keys and addresses. Firstly, you create 

a private key by simply picking a number between 1 to 2^256 and it must remain 

secret, since it controls everything. Also, it cannot be lost, since there is no way to 

recover it (some wallets have wallet saving function, but this private key cannot be 

derived). The private is in figure 7 is k. From that private key, from that number your 

public key K is derived with elliptic curve manipulation, which is one way 

mathematically working function. This means, you can derive K from k, but not the 

other way around. Therefore, you can send public key to anyone, since they are not 

able to figure out your private key from that. In addition, there are one more security 

layer to create bitcoin address A in hashing function, which is also one-way 

operation. For security reasons, you should publish your bitcoin address if you want 

payments. If you make a transaction, you sign it with your signature, which is your 

private key. The network verifies it with your public key. And that is simply how it 

works in most of the cryptocurrencies. (Antonopoulos, 2016, 190-216) 

 

 
Figure 7. The relationship of private key, public key and bitcoin address 
(Antonopoulos, 2016) 
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2.3.4 Peer-to-peer network 

Big part of DAO is the actual network, where anyone can participate. It is public 

network, open for everyone including computers. This peer-to-peer network 

includes different roles (figure 8), which are described by Antonopoulos (2016) by 

following: Full node is the complete set of four types, wallet, miner, full blockchain 

and network routing node. Since the full blockchain is ever growing file, it needs lots 

of place to be storage. Therefore, not everybody is participating in this function. To 

participate in rewarded mining process, person must have the full blockchain 

downloaded, or mine in a pool which has the whole blockchain downloaded. In that 

case, person is lightweight node participating in mining process. Every node is 

participating in network routing. Wallet node can be full node if its desktop wallet, 

but increasingly those are lightweight nodes used by smartphones. (Antonopoulos, 

2016, 522-529) 

 
Figure 8. Bitcoin nodes 
 
To conclude, there are no restriction in joining the network, where everyone is equal. 

These networks work on top of the Internet and term peer-to-peer means that 

computers participating here are equals. But as shown, there are different roles in 

the network. However, there are no centralized service, no server or hierarchy of 

any kind. It is completely flat network. (Antonopoulos, 2016, pp. 522-529) This is 

important fact in this research, since if legislations are not considered, in theory 

everyone could participate in energy markets freely.  
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Network has six steps on verifying process according to original whitepaper (2008) 

by Satoshi Nakamoto. It starts by broadcasting all the transactions to every node 

and each of the nodes collect that data into a block. Simultaneously, each node 

works on difficult proof-of-work for that block. In case of bitcoin, the difficultness is 

calculated in a way, that it takes about ten minutes to find proof-of-work and the first 

node to find it, broadcasts it to all the nodes. Block is only accepted if every 

transaction is valid and not for example, double spent. To implement validity, nodes 

start to find new proof-of-work in new block based on that block’s hash. (Nakamoto, 

2008, 3) 

 
2.4 Scenario planning/analysis 
Schoemaker (1995, 25) argues that scenario planning is good strategical tool for 

creating possible outcomes in future. Key elements are to identify basic trends and 

uncertainties. These are the basic things to create scenarios with rich details. That 

will lead to overall thinking, but one should be careful to avoid biased results. But, 

used properly, it will results scenarios, which each of them telling different story. 

(Schoemaker, 1995, 25-26) Oliver and Parrett (2018, 349-350) identifies scenario 

planning as strategic maker’s tool. They emphasize the role of uncertainty 

management by having figured out different scenarios in advance, therefore acting 

accordingly is much easier. It is also for creating strategies in long-term. Also, 

scenario planning does not have to be complicated, even simplified scenarios can 

lead to good predictions. (Oliver & Parrott, 2018, 349-350) Amer et al. (2012, 38) 

argues that the best scenarios are combination of qualitative and quantitative data, 

and in addition to that, good number of created scenarios is from three to five in 

each scenario project.  

 

Consulting company Roland Berger published research with different future 

scenarios for decentralized energy systems in Europe. The research is conducted 

by input of 50 experts of energy field and it recognizes 13 different uncertainties to 

drive the future energy to be more decentralized. These uncertainties are divided 

into two groups; political commitment and market evolution. From there, 2x2 matrix 

is conducted to provide framework for different future scenarios, which are 

implemented in this study and can be found in figure 10 in chapter 3 research 
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process. (Roland Berger, 2017, 8-15) This scenario planning tool is one of the key 

theoretical element in this research. Also, the framework created by Roland Berger 

is in crucial role, since the results of the research is reflected to that framework. 

 

2.5 Solar panel systems 
According to Roland Berger (2017, 2, 7) the global SPOT -price for average 

photovoltaic (PV) solar panel has decreased 79%, from 1,33 euro/watt to 0,27 

euro/watt during 2010 to 2017. Basically, there is no reason, why it could not 

decrease close to zero, since the energy comes from sun for free. In addition to that, 

basically only inputs for photovoltaic solar cells are sand and energy (Fthenakis, 

2012, 16). Therefore, in closed loop where energy is gathered from sun by PV and 

sand is then transformed into silicon with that energy, the only expense is 

technology and equipment. Technology is evolving, which is one reason for 

developed countries to implement more solar panels, thus decreasing the price 

even more. Therefore, it will lead to a situation, where the price has dropped into 

level, which is affordable in developing countries also. This is also sustainable 

development, led by developed countries. Partain et al. (2016, 1-2) studied the 

impact of learning curve on solar cells. It has been found that it is similar to Moore’s 

Law on CPU business. The law that every tenfold of cumulative capacity installed 

leads to halving in price is called now Swanson’s Law, after Richard Swanson. This 

has been true for over 40 years now, and if it continues to be so, this study suggests 

that the next halving will lead to situation where all world’s energy need could be 

economically fulfilled by solar energy in year 2032. 2014 was reportedly the first 

year that solar energy hit 1 dollar for watt mark in its lowest point, averaging bit 

higher. Therefore, if this keeps working, next milestones are 66 cents, 34 cents and 

18 cents per watt when 1 Terawatt (TW) to 10 TW and to 100 TW is installed. 

(Partain et al. 2016. 1-2) It seems that we are reaching those goals earlier than 

expected, since we have not reached 1TW mark yet, but the price has already fallen 

significantly.  

 

PV technology works by converting light directly into electricity. There are also other 

technologies, such as solar thermal, which could be used, but are not considered in 

this research. There are few key components in photovoltaic systems, such as solar 
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cells, which forms photovoltaic module. Photovoltaic module is the end-product 

(commercial product). Then there is the mounting structure, which can be basically 

anything. Inverter is needed in grid-connected, and in most cases also in off-grid 

solutions. Lastly, there is battery storage and charge controller for mainly off-grid 

solutions, but increasingly also in grid-connected solutions too. (IEA, 2017, 5) 

However, storage battery is to be considered as not necessity in this research in 

case of grid-connected systems, since this research is about selling the surplus 

energy. However, in some scenarios electric cars are considered as storage 

batteries, and therefore analyzed. Main reasons to exclude storage batteries are 

their relatively expensive price, the negative impact on Earth and the needlessness 

of them, if the market place is right in grid-connected network.  

 

PV cells, which are the smallest unit in PV device can be classified as wafer-based 

crystalline, compound semiconductor or organic. Those cells are generally in size 

of 12,5 centimeters or 15,6 centimeters. At the moment, 90 percent of PV cell 

production is wafer-based crystalline and for this reason it is selected for this 

research’s approach. Wafer-based crystalline can be either mono crystal or 

multicrystalline silicon. These systems are close to each other with little differences 

in price and in efficiency, since mono crystal has around 16 to 25 percent efficiency 

while multicrystalline has 14 to 18 percent efficiency, but is cheaper to produce. In 

this research, the difference is not to be considered, but it is expected that the 

optimal solution is chosen in each case. Compound semiconductor PV cells are yet 

too expensive. However, they have efficiency up to 40 percent. Therefore, they 

could have their own use-cases, such as in space systems. Also, thin-film cells are 

formed from that. Their efficiency has been low, but has increased in last years. 

Organic thin-film PV cells are now in interests of researchers and are yet to be seen, 

if they can truly challenge crystalline silicon technology. Later on, mainly crystalline 

silicon technologies are considered. However, there is some discussion on how the 

competitive technologies could change the markets also. (IEA, 2017, 5) 

 

PV cells together forms PV modules, which are usually rated between 40 watts and 

400 watts, but can be larger, for example in building integrated photovoltaics (BIPV) 

solutions. PV modules from crystalline silicon consists of PV cells connected to each 
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other. They are usually encapsulated with glass in front and in back glass or plastic. 

For this reason, the module is inflexible. Flexible modules can be made out of thin-

film modules, which can create innovative solutions. Therefore, this is considered in 

discussion part. PV modules are part of PV system, which consists of at least one 

PV module, mounting structure, inverter and/or storage battery. (IEA, 2017, 5-6) 

 

The main focus of the research is on grid-connected systems. There must be 

inverter to convert electricity from direct current (DC) to alternating current (AC). The 

reason for this is simply because electricity from sun comes in DC and grids uses 

AC. Inverters can be either separate device or integrated to PV modules (AC 

module). The assumption is, only one inverter is needed, since the research is about 

households. There could be multiple inverters along PV module strings. Inverters 

typically have around 95 to 99 percent efficiency. This is taken into account, when 

investment calculations are made. (IEA, 2017, 6) It is important to note that only one 

inverter can handle many PV modules, if the size of inverter is sufficient. Therefore, 

adding up PV modules in system increases the price just the amount of their price. 

This is considered when scaling up systems. This leads to assumption, where bigger 

systems are actually much cheaper, if the price of generated energy is measured 

per unit.  

 

Off-grid systems needs also storage battery and charge controller. Storage battery 

is to provide energy when the PV system itself does not produce energy, such as 

during nights. It has also various other tasks, such as concentrating energy and then 

releasing it in sufficient form. Charge controller is device to provide enough energy 

for different electrical machines and to protect storage battery and its energy levels. 

(IEA, 2017, 6) These are also offered to grid-connected consumers, if consumers 

would want to increase their level of solar energy used by themselves. In this 

research perspective, this is controversial approach. Therefore, it is discussed and 

seen if proven to be wrong. However, there is probably other task for storage 

battery, such as balancing the grids energy levels.  
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2.6 Framework of the study 
The purpose of creating framework to the study is simplify the whole context in one 

picture. Figure 9 illustrates the conceptual context of this study. The big picture is 

creating new, better version of sharing economy and name it true peer-to-peer 

sharing economy. After that, there are relationships between concepts, which are 

illustrated by arrows, or lines if there are only relationship between the concepts. 

 

Firstly, p2p solar energy trading in blockchain infrastructure is determined. One of 

the key concepts of moving from traditional centralized, third-party business model. 

There is line between that and blockchain infrastructure to illustrate the fact, that 

blockchain is highly theoretical concept, which is also defined in this chapter. 

Blockchain infrastructure includes several parts, but the bigger picture is DAO. 

 

From there the study moves towards investment calculations. Once the p2p DAO 

infrastructure is illustrated and data collected, different possibilities are analyzed. 

There are several solar panel solutions considered and calculated. These will lead 

to scenario analysis, which is the actual study in this research. At this point, current 

situation is analyzed and future scenarios are compared and discussed.  

 

Arrows from scenario analysis and blockchain infrastructure to the research 

question illustrates the relationship. Do we need the blockchain infrastructure? And 

what is the result of different scenarios to the research question. In the end, there 

should be simple it can/it cannot answer, and from that point, if it is can, more 

detailed answer is provided to the research question How, and to what degree 

blockchain technology can decrease payback time of solar panel investment? 
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Figure 9. The framework of the study. 
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3. RESEARCH PROCESS 
Research process is futuristic scenario analysis, which takes into account different 

key concepts and relationships between events, which are likely to happen in future, 

if certain conditions are in place. Everything will be based on theoretical framework 

created in chapter 2. This chapter provides explanation how and why different data 

is collected, and why something is left out. Firstly, this chapter explain data collection 

process, which is crucial for the credibility and validity of the research. After that, 

collected data is analyzed and from this data, scenarios are created. To have 

accurate data and a starting point for future scenarios, the current situation is 

analyzed profoundly and accurately by using quantitative numerical data. This 

chapter provides evidence for the rest of the thesis.  

 

3.1 Data collection 
Prior to actual research, lots of pre-study is conducted to get wide perspective of 

this phenomena. For the actual research, Internet databases works as secondary 

source for data collection, and it is used widely in this research. Nord Pool provides 

data for Nordic SPOT (wholesale) prices in hourly, daily, weekly and yearly levels. 

Finnish Tilastokeskus provides also different kinds of data, such as the total 

consumer prices for different customers, the electricity usage in Finland and much 

more. Also, Energiavirasto and few others are used in search of numerical data. 

These databases are used and from those data, calculations and different graphs 

are created to provide insight of the problem discussed. The data collected is 

historical and is only good for analyzing how has the market evolved and what has 

the price levels of electricity been. These are helpful in creating todays current 

situation to work as a base layer for upcoming future scenario analysis. As explained 

earlier, three to five different scenarios for every scenario project is sufficient. Also, 

scenarios should be created by combination of qualitative and quantitative data. For 

this reason, also qualitative data is collected from various different sources, such as 

previous researches, news and blogs.  

 

Nord Pool Group is currently working within 13 markets providing trading platform 

for electricity as a wholesale level. Different electricity companies buy their electricity 

usually directly from there and then distribute that energy to their customers. Their 
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data is high in validity and credibility since it is actual data from sales up to hourly 

accuracy. There is also available day-ahead –prices to buy tomorrows electricity in 

fixed price. This mechanism actually provides quite fixed prices for most of the 

customers, even though the spot prices varies within a day relatively much, as seen 

later on this thesis. (NordPool, 2018) Tilastokeskus is Finnish authority founded in 

1865 to publish, create and find statistics related to different sectors in Finland. It 

employs around 800 persons in Finland and its highly respected also in international 

level. Therefore, this source is highly valid and has credibility too. Their database is 

one of the main sources for data collection is this master thesis. Their data is open 

and available for everyone. (Tilastokeskus, 2018) 

 

In addition to this quantitative data, qualitative data is also used. For example, 

theoretical framework is based on existing literature. Also, scenarios are predicted 

with qualitative analysis from news, previous researches, blogs and also, from 

interview with professor of PV solar systems from LUT university. Jero Ahola is 

professor in LUT university in electrical engineering and he is one of the top experts 

in Finland in PV systems. This interview worked as pre-study for this research, and 

even if it is not reflected in this research, it has affected how this research is 

conducted.  

 

3.2 Data analysis 
Previous sub-chapter data collection explains which data and from where it is taken. 

There are lots of data available on energy in Finland and other countries as well. 

Finland is the chosen country to narrow down this research, therefore its data is 

analyzed. Selecting data is process where only the necessary data for the research 

is chosen. This is done to provide accurate research on phenomena in hand, not 

everything that could be analyzed.  

 

Lots of data is selected and from this data, some graphs are created to illustrate the 

events. For example, the prices that actual consumers pay for electricity in Finland 

are gathered and graphically described in appendices. All of the data is then 

reflected in the next chapter, results. The nature of this research leads to a situation 

where the current situation, or the start point is the most accurate one. For this to 
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be credible and valid, numerical data must be accurate. Therefore, it is based on 

actual historical numbers. Most of the numbers are gathered from years 2000 to 

2017 and some of the data is monthly data within a year.  

 

There are also investment calculations on L1 type house (Small house, room 

heating, main fuse 3x25A, electricity usage > 18000kWh/year). This was selected, 

because apartment buildings cannot distribute energy to apartments yet in Finland. 

This k1 (Apartment, no electric sauna heater, main fuse 1x25A, electricity usage 

>2000kWh/year) type of apartment is analyzed on different scenarios. Therefore, 

investment calculations have three versions, one from each size (small, large and 

extra-large), which are found online from different energy companies. Appendix 7 

illustrates the differences in prices between three chosen providers in Finland 

including everything needed and installation (variation between brands and systems 

may occur). The cheapest package deals are taken into account in investment 

calculations. These investment calculations also take into account inflation, which 

is 2 percent in calculations. Time period is 30 years with 0,5 percent efficiency 

reduction yearly. German study shows that actual reduction in efficiency can be as 

little as 0,1 percent in some cases. However, it varies and 0,5 percent is industry 

standard. (Fraunhofer, 2018, 41) In these calculations, L1 type house is reflected, 

therefore the price for purchased energy reflects to actual prices shown in appendix 

3 and is set to 0,14€/kWh. Price for surplus energy is quite high, 0,05€/kWh. This is 

the actual SPOT –price, but most of the energy companies, which offer the service 

to buy this surplus energy reduces that price with grid costs. Here it is however 

calculated with full SPOT –price, since some of the companies offer that. Efficiency 

is set to 85%, which is quite realistic in Finnish conditions on average. Also, in 

Finland households have option to reduce some costs in taxation, which is 

calculated here as ten percent of the total price. Even though the solar panels are 

quite maintenance free, inverters have to be changed approximately every 10 to 15 

years. For this reason, additional 10 percent of the total cost is added in year 15. 

Also, there is assumption that by increasing solar panels, the price goes down, but 

the percent how much can be self-consumed drops. For this reason, in small-size 

case the self-consumption is 95 percent, large 85 percent and extra-large as 75 
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percent. Rest is seen as surplus and therefore sold. These investment calculations 

are seen in appendices 9, 10 and 11.  

 

After the analyze of current situation, different kind of data is needed. Qualitative 

data is based on news, expert opinions, specific interviews from top experts, 

previous researches and hypothesis what could happen in future. There is also quite 

wild hypothesis, if few some radical events happen in the markets, such as tax 

reduction. The point is to create scenarios and analyze its effects on today’s energy 

markets. The best-case scenario is green revolution and it is the aim of this 

research.  

 

3.3 Creating different scenarios 
The process to create different scenarios begins with the current situation. This 

starting point is analyzed numerically and from there different scenarios are derived 

and to this they are also compared. Some of the scenarios will be more likely to 

occur than others. This is important part of the scenario analyze to forecast the 

probability of certain events. The main scenarios are introduced in this chapter. In 

addition, several other outcomes are obtained as well to prevent “thinking inside the 

box”, since this 2x2 restricts available outcomes. These various scenarios and 

current situation are presented in written form and in addition to that, graphical 

explanation is provided also to sum up the outcomes. There are no right answers to 

create absolute scenarios, and even in the most accurate cases, the scenarios are 

only wild guesses based on theoretical and numerical data.  

 

Roland Berger (2017, 12) identified nine crucial uncertainties related to political 

commitment. Those are closer integration of the European Union (EU) and its 

energy markets, accelerated opening of energy markets (also, removing barriers to 

entry EU), commitment to decentralized energy and reduction of fossil fuel by 

decreasing its’ support, improved legislation and incentives both in supply and 

demand side of decentralized energy, electro mobility legislation and incentives, 

revitalization of EU greenhouse gas emissions trading scheme, incorporation of 

external costs in the cost of energy by carbon credits, establishment of mechanisms 

to pay for stranded costs to move infrastructure to handle renewable sources better 
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and power grid development in individual countries. They also recognized four 

market evolution uncertainties, which are following; new business models and 

offerings from new and established players, costs of fossil fuels, performance and 

availability of energy storage and development of electro mobility. From these 

factors, Roland Berger (2017, 13-15) created 2x2 matrix to illustrate four different 

future scenarios, which are named as slow-moving market, fragmented evolution, 

market apathy and green revolution.  

 

 
Figure 10. Scenarios for the future of decentralized energy systems. Source: 
Roland Berger (2017) 
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This study considers, that Finland is among the rest of the Europe close to slow-

moving market right now, which is the starting point of the scenario analysis. The 

assumption is, that taking the next step leads to situation where political commitment 

is low and market evolution is low. This study therefore has a starting point. A point 

where every other scenario is reflected to, and it is called as current situation. Key 

difference is the adoption of blockchain technology in the next step.   

 

Roland Berger (2017, 14) defines slow-moving market as a scenario where 

decentralized energy remains negligible. In this scenario, decentralized energy will 

have to wait for better times, since capital is not flowing in and general interest is 

low. There is niche segment such as summer cottages in rural areas and with no 

connection to the grid or straightforward cities with strong implementation to 

decentralized energy, but it will not have the competitiveness to challenge other 

sources of energy.  

 

Market apathy is a scenario with strong political support, but market evolution 

remains low. For reasons, like too cheap fossil fuel, lack of proper technologies or 

poor cost evaluation, the market is not interested in adopting decentralized energy 

modules. Political power will artificially improve the markets, but if the energy 

markets does not improve, its competitiveness will be dependent on the level of 

artificial support. Global or local economic shocks can trigger this system to collapse 

entirely. (Roland Berger, 2017, 14) 

 

In fragmented evolution, where political commitment is low but market evolution is 

strong, competition between centralized and decentralized models are direct. 

Therefore, the decentralized energy model has to be attractive to customers. Old 

industry will retaliate, and the degree of retaliation affect the level of penetration of 

the new business models. Without regulatory support, market-based mechanisms 

are hard to develop by stakeholders for smooth transition phase. If transformation 

process is slow, taking a proactive role as customer will be low since fixed costs are 

probably high. Therefore, decentralized energy systems have to create strong 

competitive advantage, or the prices of fossil fuels has to go up significantly. 

Otherwise, the penetration speed will be slow. Decentralization will happen slowly 
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and it will be quite fragmented. However, sectors which are open to competition 

could flourish, such as electro mobility. In general, decentralized markets will suffer 

if markets are heavily regulated. (Roland Berger, 2017, 13-14) 

 

Green revolution is the most desirable outcome since it has the market evolution 

with technological development met with strong political commitment. New ways to 

trade emissions or incorporation of external costs via carbon credits could enhance 

the possibilities created by decentralized energy. This addition in value could lead 

to accelerated development of smart grids and renewables. Legislation and 

incentives in electro mobility could stimulate manufacturers to switch from old petrol 

engines to electrical ones. Fast growth of these systems will lead to additional 

capital invested in, thus leading to higher research and development budgets. Cost 

base and competitiveness of decentralized energy systems will improve significantly 

with these additional inputs to manufacturing and research together with learning 

effects from growing scale. Very quick changes are expected thus these 

improvements with political commitment. Old, existing players will have lower exit 

barriers and the change is inevitable. If the barriers are easy enough to overcome, 

the environment would be suitable for rapid change without harming current 

stakeholders, thus benefitting everyone. (Roland Berger, 2017, 13) 
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4. RESULTS 
In this chapter, data from research process is analyzed. Firstly, there is profound 

and accurate starting point, which illustrates the current situation in Finland in 

energy markets. Every scenario is then compared to that starting point and analyzed 

the probability by words, which is based on data available in order to get results and 

possibilities of what could happen in future in energy sector in Finland. Futuristic 

scenarios are always predictions and it cannot be completely accurate. There are 

four different segments where scenario could go, according to Roland Berger (2017, 

8-15) and these provides the main concept to analyze. In addition, several other 

scenarios are created with different variables to avoid restricting thinking to the 

concept by Roland Berger.  

 

There are obvious limitations in this chapter since there could be thousands of 

different scenarios. Computationally created scenarios could predict more accurate 

data with small changes. However, in this research rougher model is used. 

Therefore, only four main scenarios are created and discussed further. In addition, 

some analyzes are made to see other possible directions. These scenarios have 

also assumptions, such as the usage of blockchain to have working p2p network. It 

could be managed by simple database too. Reasons to select blockchain is 

discussed further on.  

 

This chapter is also strictly focused on numerical quantitative data and some 

qualitative analysis. After this chapter, in discussion part, there are broader 

discussion of the phenomena. Therefore, this chapter is accurate, valid and creates 

tools to discuss what should be done, if certain things are wanted, or even needed. 

The assumption in this research is that future must be greener. Non-monetary 

values are discussed, but main idea is to solve problems monetary-wisely. 

Therefore, main focus is to create scenarios, where purely numerical evidence 

supports movement to renewable sources of energy, here in the research it is limited 

to solar energy. In addition to that, it must be noted that solar panels are only one 

part of this bigger disruption, which could happen in p2p network. This is also 

discussed further on.  
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4.1 Situation before implementing new technology, current situation 
In this sub-chapter, the current situation is determined. It is the situation, which is 

happening now and the situation to what every scenario after that is reflected. For 

these reasons, this is crucial to be accurate. Therefore, data is carefully chosen and 

the data collection process is explained in detail in previous chapter. This chapter 

begins whit analysis of the SPOT –prices of electricity provided by Nord Pool. This 

is wholesale exchange platform for businesses to acquire electricity to be sold for 

customers. This electricity is marketed and handled by various different players in 

the market and thus analyzed here. Then, other part of the total price of electricity 

is grid expenditures. It is divided into high-voltage grid and local grids and these 

expenditures are analyzed. In addition to that, there are two types of taxes in 

electricity, VAT and energy tax. These affect the price that customers pay for the 

electricity they consume. 

 

After determining the price of consumer electricity, the yearly prices are analyzed. 

In addition to that, the whole consumption of electricity in Finland is analyzed to see 

whether the consumption is steady or falling/rising. After that, there is analysis from 

data from installed solar panels in Lappeenranta University of Technology (LUT) to 

determine the months and amounts of solar energy produced in Finnish conditions. 

Lastly, real offers from three different solar panel providers are considered and 

calculated their value by using excel –table created by FinSolar. All this is then 

summarized to create current situation concept.  

 

SPOT –prices are wholesale prices in Nordics countries provided by Nord Pool 

Group. They are currently working within 13 countries and are the only marketplace 

for wholesale electricity in Finland. Finland is also only one market whereas other 

countries may have been divided into smaller market regions. (NordPoolGroup, 

2018) As we can see from appendix 1, there are lots of variation in price of electricity 

even within weeks. The same can be noted in appendix 2, which illustrates the 

prices in certain years. From this appendix 2, we can see that the prices have risen 

from the beginning of 21st century, but fallen little after 2010 and being quite steady 

after that. However, the weekly prices in 2018 illustrates that the variation can be 

quite massive from around 30€/MWh to even over 60€/MWh.  
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SPOT –prices reflects to the consumer prices, but the variation is not nearly as big. 

The companies selling the electricity may have different contracts with consumers, 

but the main idea is to keep relatively steady prices for consumers by purchasing 

large amounts of electricity and to make long contracts with customers. This can be 

seen in appendix 3, which illustrates two types of household’s electricity prices in 

Finland. That graph is made using numbers from 2017 to provide overall picture of 

the whole year. Year 2018 seems to follow the steadiness of 2017. Therefore, in 

conclusion, the variation of SPOT –prices do not reflect to the variation of consumer 

prices.  

 

However, it is not free for consumers. Energiavirasto suggests that around 10 

percent of the electricity price is related to the sales, marketing and governance of 

energy companies as seen in figure 11. This is one of the key concepts of this 

research. There is middleman, which could be taken off thus leaving more value to 

peer network. In this current situation, energy companies have significant role, 

which is later on questioned in this research.  

 

The energy grid in Finland is supervised by Energiavirasto (2018) and owned by 

Caruna since 2014. Caruna has legal obligations to keep certain conditions and to 

build new grids. (Caruna, 2018) They have fixed cost on electricity for different 

consumer types. Therefore, it is pre-determined and it does not matter where the 

electricity is purchased from. There is also high voltage energy grid, which belongs 

to FinGrid. As seen in figure 11, the high voltage grid is around 2 percent of the total 

price of consumer electricity. However, the main grid is significantly bigger, 

representing around 27 percent of total consumer electricity price. This has lots of 

variation depending if the household is in rural area or in cities. These numbers are 

averages provided by Energiavirasto and stands as the key number for calculations.  

 

Consumer prices includes also taxes. Firstly, there is energy tax for consumers, 

which is 2,253 sent of €/kWh. This is significant tax and represents around 14,5 

percent of the total consumer price of electricity. For businesses, this tax is much 

lower, but it is not to be considered in this research. In addition to energy tax, there 

is also VAT (24%), which is added last. Therefore, consumers pay VAT even for the 
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energy tax. For these reasons, taxes are around one third of the total price of the 

consumer electricity.  

 

 
Figure 11. Price of consumer electricity in percentages (Finland). (Energiavirasto, 

2015) 

 

After determining the key components of the price of consumer electricity, appendix 

4 provides information how this price risen steadily during time period of 2000 to 

2017. As seen in appendix 4, the price has doubled in both household types. From 

around 9 sent/kWh in 2000 to around 19 sent/kWh in 2017 in K1 type apartment 

and from around 6 sent/kWh to around 13 sent/kWh in L1 house. There are various 

reasons for this, such as increase in taxes and in the SPOT –price of electricity as 

seen in appendix 2. Higher consumer price provides better conditions for solar panel 

adoption, because that is the price, which is avoided by using self-produced energy.  

 

In the same time period where the consumer price of electricity has doubled, the 

total consumption of electricity has been quite steady. Appendix 8 illustrates the rise 

of consumption from 2000 to 2008. After economic crash, the total consumption of 

electricity dropped from around 90 000GWh to 80 000 GWh in Finland. After that, it 

has been quite steadily in between 84 000-86 000 GWh. In order to raise the number 

Supply;	27,00%

Sales	(marketing	
etc);	10,30%

Energy	distribution	
(grid);	26,90%

Main	Grid	(high	
voltage);	2,00%

Energy	tax;	
14,50%

VAT; 19,40% 

Price	of	consumer	electricity	in	percentages	(Finland)

Supply Sales	(marketing	etc) Energy	distribution	(grid) Main	Grid	(high	voltage) Energy	tax VAT



	
	
	

40	

of solar panels in Finland, there must be markets for that. Even though the total 

consumption does not show signs of rising, there are fossil forms of energy to be 

replaced with green energy. Therefore, green energy could replace fossil fuels in 

linear relation. This hypothesis is used later on.  

 

Appendix 5 illustrates how much energy is created in LUT in their solar panel 

plantation, which is quite much compared to normal households providing 

208,5kWp of energy. In current situation, the solar panel system is measured to 

fulfill the capacity in peak season to maximize the profit in Finland. This is how every 

provider calculates it in Finland, since the difference between purchased energy and 

the price of surplus energy is significant. As seen in appendix 5, the best months 

are from May to August in Finland. However, other months produce some amounts 

of energy too. This was year 2018 and there is some yearly variation, because of 

the amount of sun exposure differs. After all, this variation between months creates 

interesting starting point for investment calculations. This is illustrated in figure 12, 

which is simplified comparison of the difference between when energy is consumed 

and how much it can be produced with PV systems. Illustration is based on 

appendices 5 and 6. As mentioned above, PV systems are measured to fulfill peak 

capacity, which is the point where the two lines meet. This is basically a situation, 

where is no surplus energy creation. However, consumption and production will 

have never be equal, therefore efficiency cannot reach 100 percent, without battery 

storage.  
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Figure 12. Simplified illustration of Finnish solar energy production and energy 

consumption in monthly level, no surplus. (Note: Numbers are not real) 

 

Appendices 9, 10 and 11 calculates the investments payback times in different 

sizes. This data is explained in previous chapter data analysis. Interestingly, the 

biggest package offered is the best solution, even with the assumption that only 75 

percent could be used by the household and rest has to be sold with SPOT –price 

back to the grid. Most of the companies suggests that solar panel investors in 

Finland calculates the peak season energy consumption and measures solar panels 

to fulfill that. These results are controversy to that assumption, because the big 

differences in euro per Wp prices in different package deals. These result shows 

that the smallest package takes 25 years measured in net-present value (NPV) to 

pay itself back and NPV after 30 years is only 673 euros. The same numbers for 

large-size package are 18 years and 3111 euros and for extra-large the numbers 

are 15 years and 5963 euros. This is clear sign, if proper conditions are met, bigger 

solar panel investment creates bigger and faster returns, even in this current 

situation. These calculations are quite rough and must not be considered as 

accurate and valid numbers. However, they are good enough to have estimation 
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how this works currently. Different households will have different numbers and roof 

capacity will limit how many panels there can be (if installed on top of the roof, other 

options possible too). In addition, these results would be more positive in case of 

K1 type apartments, since their price of energy is much higher (0,19€/kWh), but 

these are not calculated since it is legally impossible to distribute that energy money-

wise to different apartments even within the building.  

 

4.2 Scenarios where technology could lead  
Figure 11 illustrates the current situation and this chapter is derived from that 

situation. There are four main scenarios, which are deeply analyzed in qualitative 

and quantitative methods. In addition, there are chapter for other possible scenarios, 

which are out of the matrix provided by Roland Berger. This is futuristic scenario 

analysis; therefore, these are only guesses even in their best form. Validity and 

probability are key objectives to analyze among the qualitative and quantitative data. 

The purpose of the research is to answer the question whether blockchain 

technology can decrease, and to what degree, the payback time of solar panels. 

Therefore, true sharing economy is introduced in chapter 2.1 From sharing economy 

to true peer-to-peer sharing economy.  

 

There are certain key elements to analyze, such as the price of solar panels in 

future, if they gain market share, or what is the price for solar energy in p2p markets. 

This starts by moving from current situation to slow-moving market, which are close 

to each other. After that, both market apathy and fragmented evolution are analyzed. 

However, the most interesting question is whether it is possible or not, to achieve 

green revolution, which is the best-case scenario basically. In addition, other 

scenarios are brought up too. All the scenarios are quite positive ones and there are 

no signs of decrease in solar panel markets, which delimits the possible negative 

outcomes. Therefore, the worst-case scenario would be that nothing changes. This 

is discussed later on more profoundly.  

 

All of these four scenarios assume that blockchain technology is adopted and there 

is possibility to use p2p network for selling and purchasing energy. It is already 

possible, since Finnish energy grid is filled with smart metering systems. Therefore, 
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the hypothesis is quite valid and have real possibility to happen. There are no 

projects in Finland currently, but as mentioned in previous chapters, there are 

companies working on creating decentralized applications for energy marketplace. 

The costs of these services are estimated to fall near-zero, which is not the case at 

the moment, since blockchain has unsolved scalability issues. However, the 

assumption here is that those issues are solved, and therefore the cost to have 

blockchain based p2p network is near-zero and not to be taken into account in 

calculations, since it would be only marginal.  

 

As mentioned before, the gap between purchased energy and the price of surplus 

energy is significant, it leads to situations where energy is over-consumed. This 

means it is not optimized, since monetary means do not encourage to do so. This 

is relatively big issue, yet quite unspoken. With proper p2p markets and lower gap 

between purchased and sold energy prices, optimization would be more profitable. 

Also, there are non-monetary reasons to invest in green energy, therefore it is 

controversy to measure the size to fulfill only peak production’s months. By 

increasing the system size, the more months are fulfilled with green energy. Non-

monetary values are discussed more further on.  

    

4.2.1 Slow-moving market 

As explained previously, blockchain based p2p markets are adopted. However, in 

this scenario it remains to be only niche segment markets. In addition, the whole 

decentralization movement will remain niche. As mentioned in figure 10, there are 

no investments flowing in, thus leading a situation where the technological 

innovations and achievements remains low. Markets are interested in working 

centralized systems, which have been the situation all along. Therefore, status quo 

between centralized and decentralized systems holds. Slow-moving market is the 

next step from current situation.  

 

The biggest difference is the lack of need for third parties. Therefore, from figure 11, 

the part for sales, which amounts 10,30 percent on average will be taken of. As 

explained in current situation, energy companies that distributes energy, affect 

prices approximately 10,30 percent on average in Finland. This includes for 
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example governance, sales and marketing. Also, this is the single biggest advance 

on price with this technology. Yet, it remains too low impact to create new 

investments for decentralized energy ecosystems. Only the most technologically 

orientated takes this advantage and implements this technology to their ecosystem. 

 

Also, since the energy is not to be sold back to energy distributors, the grid cover 

cost must be paid only once. Before, in most of the cases, the companies reduced 

the grid cost on surplus energy sold back to the distributors and in addition, after the 

selling that same energy, they charge grid costs from the customer that energy got 

distributed. Therefore, before that grid cost was paid two times usually. If it is 

calculated as shown in figure 11, the grid cost is approximately one third. That is 

saved in addition to the previous 10,30 percent. This cost was not calculated in 

current situation’s investment calculations. Therefore, those calculations are 

optimistic, but equally truthful, since some of the companies does not reduce that 

grid cost from SPOT –price they pay.  

 

These reductions in cost are relatively high, but are not enough to make enough 

difference to accelerate markets. From the investment calculations of current 

situation, the change is 10,30 percent in surplus energy price. Therefore, the price 

for surplus energy increases that amount. This assumes that the energy can be sold 

with equal price to what the buyer would pay in normal situation. Basically, local 

green energy could have better price, since its ecological option, but it is not 

considered in this chapter.  

 

This scenario is possible with high likelihood. It is also more likely to evolve from 

here to other scenarios, which are introduced later on. The 10,30 percent increase 

on surplus energy’s price is economically attractive for some prosumers. Yet, it 

seems to be too low for stand-alone reason to invest on PV systems. Since the 

political involvement is low in this scenario, it is hard to estimate, if this will have 

taxation consequences. At the moment, the surplus energy is tax-free for the seller 

in Finland.  
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Possible reasons for low rate of investments may be the Swanson’s law, which 

indicates that there are upcoming reductions in price of PV systems. Therefore, the 

markets may wait for even cheaper prices and invest later. It is a problem, if there 

is not any kind of economic incentives to accelerate adoption. This would mean, that 

the whole market evolution is completely dependable what happens globally. The 

biggest leaders in PV systems, such as China will continue developing these 

systems, thus getting even greater competitive advantage on this field. On-grid 

systems will wait for better days, with relatively slow development. The extra 

addition to surplus energy’s price answers to the research question as a yes, 

decreasing payback time is possible by eliminating unnecessary costs, but the 

degree is almost nonexistent. It is a good starting point for academic and markets 

discussion, when blockchain trading platform is adopted into the system.  

 

For off-grid systems, this creates new possibilities too, if small players want to 

connect to each other, such as summer cottages. Neste Oyj (2018) introduced 

“zero-cabin” concept called Nolla cabin, which is small cabin with PV modules as a 

rooftop. It is in prototype –level, but it could become trailblazer in a lifestyle, where 

emissions are reduced to zero. These could also be a good ecosystem to test p2p 

trading between Nolla cabins, if they are built relatively close to each other. For 

example, an island, where are no existing infrastructure, could become new summer 

ecosystem with Nolla cabins linked to each other. These are quite irrelevant for the 

research, since there cannot be comparisons between prices, since there is no 

competition. However, electrifying this island would cost significantly, therefore at 

least for summer use, this could provide a good solution. This is niche segment for 

technologically orientated people, but it is a working one. As introduced in figure 2, 

this micro level ecosystem should have other elements too, such as battery storage, 

and probably small wind farms to work without disruptions.  

 
This scenario is the first step towards green revolution from current situation, but it 

is not significant transformation, therefore it does not have impact on economy. To 

answer the research question: How, and to what degree blockchain technology can 

decrease the payback time of solar energy investment? Research suggests 

eliminating unnecessary costs, which is the third party related costs. In this scenario, 
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without suitable political environment, only energy distributors could be eliminated, 

which accounts 10,30 percent on average in Finland on surplus energy. Therefore, 

this affect only to the surplus energy price, which in theory could be avoided by 

counting the system size to meet self-consumption and self-production, as in figure 

12. However, without battery storage, it is basically impossible to self-consume all 

the energy produced. Then, the options are to sell, or use energy in some inefficient 

way. This research assumes that energy is sold in this case, which is more optimal 

decision. Therefore, it is proven that blockchain based p2p trading system can 

decrease the payback time of energy investment, since it can create better price for 

surplus energy. This is not significant reduction; therefore, the rest of the scenarios 

will start from the assumption that the blockchain based p2p trading has already 

proven itself, but now the research moves to the degree, in which it can reduce the 

payback time. There are three paths from this slow-moving market scenarios. It can 

go either to market apathy, which is politically suitable scenario, or to fragmented 

evolution, which is led by market evolution. Also, if political commitment is high, 

while market evolution is strong, then it can lead straight to the green revolution.  

 
4.2.2 Market apathy 

This scenario is one step further from slow-mowing market. Political environment is 

positive by endorsing decentralized and renewable energy systems. Market apathy 

is a scenario, where regulation leads to higher penetration of decentralized energy. 

For example, California requires new homes built after 2020 to have solar panels 

installed on top of their roofs (White, 2018). Also, deregulation must take in place. 

In Finland, there is ongoing project on solar energy distribution within apartment 

building’s own grid for each apartment (FinSolar, 2018). This is still not in 

commercial use, since they are testing that in this project. However, it would highly 

benefit solar panel integration, if accepted fully. Other political actions would be tax 

reductions and compensations for green energy with allocations of emissions 

trading system’s profits. These all affect the price of surplus energy sold on p2p 

market, therefore would accelerate PV system adoption and encourage investors to 

invest in more suitably regulated markets. However, it yet remains economically 

uninteresting to invest. Solar panel investments keep on growing in quite slow 

phase. Centralization remains strong and most of the solar panel investments goes 
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to industrial-size solar panel plantations, since it is much more economical to 

centralize, because of economies of scale.   

 

There is ongoing project in Helsinki Finland to demonstrate benefits of solar panel 

energy distribution within apartment building’s own grid. At the moment, grid fees 

and taxation applies, if energy is distributed to apartments. Therefore, if apartment 

building invests on PV systems, it can use that solar energy mainly for that building’s 

general energy consumption, such as hallway lightning and heating. If this is 

deregulated to situation where that apartment building could distribute their solar 

energy to each apartment without taxation or grid fees, it would be much more 

economic. At the moment, there are around 2.6 million citizens in Finland living in 

approximately 90 000 apartment buildings. It is nearly half of the population, 

therefore huge number to be considered. As explained earlier in this research, 

investment calculations were not made for this type of households. But, if the 

deregulation takes place, it would generate even better market environment than in 

L1 housing case, which were calculated and results shown in appendices 9, 10 and 

11. (FinSolar, 2018) 

 

K1 apartments are the most common small apartments in Finland. Appendix 3 

illustrates the price difference between L1 and K1 households, which is around 0,13 

euros/kW in L1 to 0,19 euros /kW in K1. That is around 54 percent increase in price, 

which can be self-produced. Especially K1 apartments have relatively low energy 

consumption, but they have the highest cost per unit. Also, L1 houses usually have 

much more rooftop capacity per resident, compared to K1 apartments. This leads 

to a situation, where L1 actually have to sell they surplus energy outside, where K1 

apartments could probably self-consume all of it, since they have relatively smaller 

roof capacity to install PV systems. That being said, apartment buildings should 

always invest for full capacity, if this deregulation applies. This is seen in appendices 

9, 10 and 11, where payback times of solar investments are lower when the system 

is bigger.  

 

There are still lots of questions related to that deregulation. If it is deregulated, will 

there be need for energy tax or VAT? And, how much compensation grid provider 
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should have, since they usually own the meters and other equipment within the 

building. For example, L1 houses do not pay grid fees for their self-produced solar 

energy, nor they pay any taxes. The project in Helsinki tests a system, where energy 

is distributed in one-share-one-energy unit principle. However, if it is done in 

blockchain environment, it does not have to be that simple. This creates completely 

new possibilities from one apartment owner to invest alone to PV systems, or 

external investor investing in PV system on top of apartment building. Then this 

energy is sold within the grid for market prices, determined by the consumers 

acquiring that energy. That is one type of microgrid, shown in figure 2 in introduction. 

If that microgrid creates surplus energy, that could be sold in wider p2p markets in 

whole grid system, for example to neighboring apartment building in same principle 

that houses do. Therefore, what will be the regulation for apartment building, and 

what kind of business is allowed within them? This research suggests that, if the 

same regulation as in L1 houses is applied to apartment buildings, K1 apartments 

will have better environment than L1 houses to invest on PV systems, because of 

the difference in consumer energy prices. This applies also other types of joint 

building like terraced building, where the households share their energy grid 

already.  

 

There can be also regulation to require solar systems on buildings. California was 

first ever in Country or State level to implement law, where new homes built after 

2020 have to have solar panels on top of their rooftops (White, 2018). There are 

already mandatory things to be considered when building new houses in Finland, 

such as wastewater systems. There have not been any signs that this kind of 

legislation could come to Finland, but in theoretical level, it would accelerate PV 

system adoption. For houses, it is relatively quite high price to pay yet, but it could 

work on apartment buildings, enterprise warehouses or buildings and on 

governmental buildings to create an example. In case of Finland, it is most likely too 

much expected from political will yet. But it is to be considered when prices decrease 

and new innovative solutions are provided. After all, it is much easier to install PV 

systems to new house, when it is designed there than to install them on old house.  
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Also, different tax reductions could be applied. At the moment, there is energy tax 

of 2,253 cents for kWh, which increases the consumer price significantly. Finnish 

legislation says, that small producers can return energy back to the grid tax-free. 

There is no legislation about selling that energy to peers, therefore it is still unknown, 

if that energy would be tax-free or not (Finlex, 24.4.2015/501). If this energy tax 

could be avoided, this would affect the price immediately. Currently, the price for 

surplus energy is around four to five cents per kWh. Therefore, this would be 

approximately 50 percent increase. The legislation for energy tax is based on 

emissions, but also to cover maintenance costs of the energy grids (Finlex, 

21.12.2007/1306). That being said, it could be possible to reduce this energy tax 

completely from prosumers to accelerate PV system adoption. This is politically 

interesting question, with possibly positive impact on sustainable development.  

 

Other questionable tax is VAT. In Finland, there are four categories for VAT: 0 

percent, 10 percent, 14 percent and 24 percent (Valtiovarainministeriö, 2018). 

Energy tax is commonly in the last category, 24 percent. However, there is no 

legislation for p2p energy markets. The assumption is, that 24 percent VAT is 

applied, since it is the common tax. As seen in figure 11, the VAT is 19,4 percent of 

the total consumer price. This reduction to lower level than 24 percent would have 

significant impact for the price of surplus energy. This is also a signaling method for 

government, to say that renewable methods are encouraged in Finland. This 24 

percent VAT is also applied to the PV modules, therefore having significant role in 

total prices. Therefore, government have significant possibility to reduce the prices 

for individuals to adapt PV systems. 

 

Also, as explained in slow-mowing market, there is 10,30 percent cut from figure 11, 

since there is no need for third parties. Therefore, as figure 11 illustrates, all the 

reductions explained in this chapter could mean that surplus energy is much 

cheaper than energy from traditional markets. Therefore, the assumption in this 

research is, the price can increase significantly, since customers are willing to pay 

the same. Therefore, on average the price for surplus energy could increase 200 

percent, since two thirds are reduced from equation. However, this is quite 

optimistic, since some kind of payment must go for grid providers. This should be 
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much lower than in centralized energy production, since it uses much less grid, if it 

is consumed locally.  

 

Also, if the equipment would be tax-free, it would accelerate the sales probably, 

since value added tax accounts 19,4 percent of the prices of PV systems. This is 

something to be considered as methods to accelerate adoption of PV solar systems, 

and it could be for example only for the first three years. The relationship between 

price and payback time of PV systems are calculated in table 2. This table suggests 

clear evidence, that reducing the prices of PV system will lead to much more 

attractive investments. It must be noted, that with these kinds of reductions in taxes 

would lead to significant losses in governmental level. Therefore, it is not likely that 

every tax is reduced, even though it would revolutionize energy sector towards 

decentralized green energy.  

 

4.2.3 Fragmented evolution 

Market forces thrives to innovations and solutions where solar panels are 

economically attractive. However, without political commitment, it is hard to compete 

against centralized forms of energy, which are not only subsidized by governments 

in some level, but has the advances of economies of scale. Also, grid costs are not 

depending on the distance the energy travels in grids in Finland, therefore 

benefitting centralized systems. However, the prices of solar panels keep dropping, 

and in addition the fierce competition will provide cheaper solutions. Therefore, 

payback times of solar panels will fall. It is still lacking the political commitment and 

p2p business is not economically in the same level as centralized traditional 

business. Therefore, decentralized p2p markets are in direct competition with 

traditional centralized markets. According to Roland Berger (2017,14), this scenario 

will lead to decentralization only in the most attractive sectors. Also, high barriers 

slow down the integration, since traditional businesses does not have economic 

incentives to move towards renewable businesses (Roland Berger, 2017, 14). 

Global market forces will reduce the price of solar cells as mentioned earlier. This 

reflects to the prices in Finland too, thus leading to situation where solar systems 

are better investments.  
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Global investments on PV systems will lead to standardization of production, and 

according to Swanson’s law, effecting on prices by decreasing it significantly. All the 

signs reflect to inevitable development of PV solar systems, thus making them 

potentially the best source of energy in future. However, without good political 

environment, it seems impossible to have mass adoption on consumer-sized PV 

systems, thus decentralization of energy. Even though the Swanson’s law predicts 

halving on prices on every tenfold of cumulated installed capacity, direct competition 

with centralized systems will slow down decentralization. In this scenario, big solar 

panel plantations will be installed, which leads to systems standardization in Finland 

too. Most likely, installation process is automated too, to accomplish cheaper 

production. Small PV installations suffers from relatively higher prices. 

 

However, there is potentially new business models available, where consumers 

could invest on solar plantations, thus buying solar energy in advance. These kinds 

of pools could work well, since they can allocate power in much bigger scale. Yet, 

there is no proper legislation for this kind of business model. Therefore, it is quite 

hard to analyze, but this scenario would be centralized. Also, since there are barriers 

to entry these new markets, because old traditional business model is based on 

fossil fuels, and expensive infrastructure is built upon that. There could be 

governmental progress to lower these barriers for traditional businesses, for 

example by subsidizing their movement towards renewable energy production. In 

other words, fossil fuel could be replaced by subsidizing PV solar plantation projects. 

This is political action, which would accelerate the movement towards centralized 

renewable energy sources, while protecting existing companies. Therefore, it must 

be considered as a real threat to decentralized prosumer PV systems.  

 

There will be potential for off-grid solutions, even in wider spectrum. Rural areas, 

with for example lots of summer cottages in relatively close area, could join together 

by creating micro grid, fueled by decentralized PV systems and some storage 

batteries. It could be easily managed with blockchain, and since it is out of national 

grid system, there would be none of those costs. However, there are expenses on 

building that grid in first place. The real potential comes from ever cheapening solar 

energy, and in addition to that, cheaper storage battery. Therefore, if a joint of many 
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summer cottages wants to electrify their cottages, it could be easily achieved with 

solar systems. In addition, there would be significant reductions in costs, if the 

system is shared and build together, since in most of the cases, summer cottages 

are quite under-used assets in Finland.  

 

In conclusion, fragmented evolution is high probability scenario, which in 

controversy will probably not lead to a green revolution, if the political environment 

is not suitable. If Swanson’s law keeps working, the prices of PV systems will 

decrease significantly, thus opening completely new possibilities in industrial-sized 

solar energy plantations, even in Finland. This centralized energy is renewable, and 

probably will displace the traditional forms of energy, such as fossil fuels. In case of 

Finnish energy markets, there are always need for other energy sources too, 

because there is not enough sunlight to have efficient production for whole year. For 

this, wind energy seems good addition, but it is not to be considered in this research. 

For green revolution, which is next scenario, fragmented evolution is right path, but 

only strong market evolution will not lead there. Political environment must be 

suitable for true decentralization.  

 

4.2.4 Green revolution 

The best-case scenario is the combination of fragmented evolution and market 

apathy, which leads to a green revolution. It is assumed in this research, that green 

revolution benefits the most. It is only assumption, since there are lots of political 

and economic questions to be answered in real-life adoption. Yet, it is the far-most 

from current situation in the matrix. In this scenario, the best possible outcomes, 

within reasonable boundaries are viewed. Therefore, political commitment for 

change is strong. That will lead to working decentralized p2p markets, where 

innovations flourish. That will attract investments on solar panel in completely new 

levels. Competition will be fierce and new players enters the market, thus lowering 

the prices significantly. Also, working p2p markets creates a situation where 

investments are much larger than they were in current situation. The reason for this 

is better price for surplus energy and economies of scale, where PV systems are 

measured to fulfill the roof capacity rather than one’s energy consumption during 

peak production months, like it is in current situation.  
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Figure 13. Simplified illustration of Finnish solar energy production and energy 

consumption in monthly level (surplus in between). (Note: numbers are not real) 

 

Figure 12 in current situation illustrates the calculations how self-consumption 

meets self-production, because there is not attractive value for surplus energy. 

Figure 13, is with the same monthly energy consumption, but monthly energy 

production is increased approximately 40 percent. The area between lines, is the 

surplus energy in this illustration. If that amount of monthly surplus energy can be 

sold with economically attractive price, the whole system is much more attractive. 

In the figure 12, only one month is 100 percent self-produced renewable energy, 

with zero purchased energy. However, in figure 13 shows almost five months of over 

100 percent self-produced renewable energy, with near-zero purchased energy. 

Also, the rest of the months produce more energy, tightening the gap between 

production and consumption. Even though the numbers are not real, these figures 

illustrate what can be achieved in more suitable environment.  
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As explained in previous scenarios, the surplus price can increase approximately 

200 percent, if the political environment is suitable and encourages this type of 

development. Also, Swanson’s law predicts halving in global markets after every 

tenfold of cumulated installed capacity of PV solar cells. That will reflect on prices 

in Finland too, but there are various other aspects to be considered here. The PV 

installation markets in Finland are quite small, since it has not been economically 

attractive. It has mainly fulfilled the needs of rural summer cottages. However, it is 

changing now in green revolution, since it appears to be really attractive investment. 

Swanson’s law has decreased the prices of solar cells globally, but the markets 

have lots of variation, since there is not fierce competition between companies. This 

can be seen from appendix 7, where three different Finnish companies’ offerings 

are compared. The packages have variation in prices, and probably high margins 

too.  

 

If green revolution happens, fierce competition will come to Finland from 

international level too. This will most likely lead to new solutions, such as solar roof 

panels, or electric cars covered with PV cells. Also, it will affect price levels by 

reducing them significantly in consumer level. Centralized PV plantations are 

already quite standardized in global level, and those are quite easy to implement by 

big companies. Now, there will be good solutions for consumers too. Most likely 

there will be standardized sets to install on rooftops, but also new innovations, such 

as BIPV solutions. For example, carports made out of BIPV to produce solar energy, 

and in addition to that, protect cars from nature.  

 

Group of students in the university of New South Wales, also known as Sunswift, 

built electric car with BIPV solar system. They managed to drive across Australia, 

without charging the car in conventional charging spots. Energy consumption per 

day was similar to standard sized house. (Maisch, 2018) That being said, progress 

is on-going, and it is hard to say what can be achieved in field of solar energy. Also, 

companies like Tesla (2019) are working on BIPV solar roof tiles, which would 

replace the conventional building material on rooftops. It is still relatively expensive 

compared to PV solar systems, even with the reduction of materials, which is 

replaced. However, in future it can be just as cheap as monocrystalline PV systems 
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are now. This would be quite cosmetic innovation in construction industry, but it 

could bring new savings and better overall solutions.  

 

Since there is evidence, that the price of surplus energy can increase significantly, 

calculations are made on how much efficiency and the price of surplus energy affect 

payback times of solar energy investments and to NPV. The starting point is the 

same as in appendix 11, which is the calculation of payback time in current situation. 

Also, the calculation process is the same as introduced in chapter 3 research 

process. Table 2 illustrates, if surplus price is 0,14 euros/kWh, the payback time and 

NPV does not vary, since it is the same price as market price for purchasing energy 

would be. However, if the price does not match that, and would be for example only 

0,10 euros/kWh, variation can be seen. Variation is significant with the numbers 

from current situation, which is approximately 0,05 euro/kWh. Without battery 

storage, efficiency can vary during day quite much. Therefore, to eliminate that 

effect, it is better to have price for surplus energy closer to the actual market price, 

which is the price to be avoided by self-production. 

 

Table 2. The relationship between efficiency to payback time and NPV. 
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Since the biggest package offers best deal in all of the cases studied in this 

research, if there is market for surplus energy, this research suggest that the biggest 

available solution is therefore selected. As illustrated above, efficiency affect to 

payback times and NPV and can vary quite much. With bigger PV systems, 

efficiency drops naturally, because it is harder to adjust to self-consumption. For 

table 3, 75 percent is chosen, since it will provide accurate enough data. Also, this 

assumes that maximal surplus energy price for L1 type house is applied. Later on, 

research investigates the situation on K1 apartments. Table 3 shows that payback 

time for XL-sized PV system is 11 years and NPV is 8995 euros. It is significant 

reduction from current situation, where payback time is 15 years and NPV is 5963 

euros in 30-year time period. Table 3 also illustrates the relationship between the 

PV system prices to payback times and NPV. At the moment, XL-sized PV system 

costs 10284 euros, but if it can be halved, payback time would drop to 5 years and 

NPV raise to 14042 euros. Therefore, both the price of PV system and the price of 

surplus energy have significant role in discussion. As fragmented evolution scenario 

predicts, there will be significant reductions on solar cell prices. But, to that happen, 

there has to be raise in installed capacity of solar cells. Therefore, by creating 

working p2p markets for surplus energy, the first problem is solved. The number of 

prosumers will raise, thus leading to situation where cumulative installed capacity 

rises, which then decreases the prices of PV systems. This is the nature of green 

revolution.  

 

Table 3. The relationship between XL-sized PV system prices to payback times and 

NPV.  
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There will be also centralized industrial level solar plantations. Although, there is 

direct competition between centralized and decentralized energy, it is much fairer 

than it used to be. This can be done only, if political environment is suitable. 

Therefore, most likely political will is to eliminate fossil fuel consumption on energy 

field. Therefore, this increase in renewable source of energy will replace the usage 

of fossil fuel, and does not affect harmful to each other in centralized and 

decentralized systems. In the beginning, there is plenty of room for both sectors to 

grow, and most likely they will. Centralized systems will keep on decreasing the 

prices, while decentralized systems probably promotes the benefits of solar energy 

in society. Therefore, they can work together, but also enhance each other.  

 

To make truly decentralized systems happen, there must be trailblazers to show the 

way. As this research have calculated payback times for L1 type housing, the village 

of Freiburg in Germany is unique settlement of PV solar energy as a main source of 

energy. In fact, this village produces four times of its own consumption 100 percent 

renewable solar energy. (Evans, 2015) This is great example of green revolution in 

action. Since it was built in the beginning of 21st century, it was not that economically 

attractive. However, this project has gained enormous international attention, 

therefore marketing Germany and the whole village. Today, these kinds of 

settlements would be more attractive in economic measures too. P2p energy trading 

is suitable for this, since the whole village can either pool-up, to sell bigger quantities 

of energy, or trading can take place house by house, if there is shortage in one 

house while surplus in another. This community is designed in a way, that every 

house produces solar energy. It is not the case generally, since there are many 

factors to be considered, such as shadows from another building, or orientation of 

the roof is wrong. Only suitable houses can produce solar energy efficiently, 

therefore it is not good option for every household. This will lead to natural 

optimization of the markets, since every player cannot act as a prosumer.  

 

As mentioned earlier, in market apathy scenario, K1 apartments poses great 

opportunities for solar energy, if the regulation is suitable in future. At the moment, 

there is regulation under scope, but this green revolution scenario assumes that 

these problems are solved in preferable way. This would mean, that PV solar energy 
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produced by apartment building could be distributed to every apartment. Since K1 

apartment is the most expensive form of living, if measured in euro/kWh, it should 

be the wisest solar energy investment. Therefore, calculations with similar values 

as earlier in case of L1, suggests that XL-sized PV system would pay itself back in 

8 years with 15830 euro net present value over 30-year period. Only changes in 

values are the assumption that all the energy created can be self-consumed within 

the apartment building. The difference is huge, if compared to the current situation 

for L1 houses, where payback time for similar PV system was 15 years, and reduced 

to 11 years with proper p2p market prices. There are plenty of different size 

apartment building in Finland, and most likely the bigger ones will benefit even more 

when innovations take place, such as BIPV carports. Also, this calculation is made 

with today’s offering, which most likely will decrease in price in future, if this green 

revolution happens. In conclusion, K1 apartments are even better investments for 

PV systems than L1 houses, if regulation allows this kind of allocation of PV solar 

energy.  

 

The most simplified form of allocation in K1 apartments would be equal share 

between apartments. But, p2p trading platform would allow much more complicated 

forms of innovations. For example, apartment building with 100 apartments would 

be hard to satisfy everyone, therefore democratic voting is usually applied. In this 

system, the consensus will decide if to invest on PV systems, which will be cost for 

every apartment’s owner. However, if this apartment building’s grid is seen as 

microgrid, where PV system is applied, it does not matter who owns the PV system. 

It can be completely external investor, which leads to situation where apartments 

can buy 100 percent locally produced renewable solar energy with market price. 

This market price is determined within the apartment building’s network, with 

reflection to external markets. Therefore, the price will most likely be close to market 

price. In this system, most of the rooftops in Finland with good orientation would be 

capitalized, either by residents or external investors. This would have significant role 

in decentralization of the energy markets in Finland.  
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4.2.5 Other scenarios 

There are various other scenarios, which could happen in the field of 

decentralization and PV systems. In this sub-chapter, few possible scenarios are 

analyzed in addition to the previously introduced scenarios. The matrix introduced 

in figure 10 is quite comprehensive, yet lacks some possible outcomes, which are 

explained here within reasonable amount. Although it seems inevitable, that PV 

systems will penetrate markets even in Finland, there can be changes in markets. 

For example, if wind plantations keep on getting compensations to accelerate wind 

energy adoption, it poses a threat to PV systems. Also, if governmental will is to 

increase nuclear energy, which is usually subsidized strongly by governments 

around world according to Koplow (2011, 11-13), it will increase centralization thus 

leaving PV systems in shadows. There is also possibility that PV systems succeeds 

without blockchain, and for this, most common solution is net metering, which has 

already been applied in several countries, such as in Denmark.  

 

Net metering is a system, where surplus energy is allocated back to main grid and 

taken back from there when that household needs energy again. Therefore, it is a 

system, which can be seen from prosumer perspective as a system, which artificially 

increases efficiency of self-consumption to 100 percent. Other point of view is that 

energy grid works as a battery storage for that consumer. It is commonly referred 

as net metering mechanism for renewable energy sources for power generation, 

RES-E. It has its clear advantages, if the purpose is to increase PV system adoption. 

(Poullikkas et al. 2013, 975-978) For example, in Denmark, which is similar to 

Finland in population and climate, the amount of installed PV cells in households 

increased from 4100 in 2012 to 89500 in 2013, after introduction of RES-E 

(Communitypower, 2016). It led to problems controlling the energy in grid systems. 

However, it is clear sign that PV system can work under good conditions, but now 

Danish government is proposing additional energy tax, since they are losing too 

much in tax returns. This is a reason for surprisingly high level of investments in PV 

systems, which was calculated to reach 918 MW in 2020, but new calculations 

predict that the actual number will be close to 1350 MW. (Bellini, 2017) Interestingly, 

government who aims to 100 percent renewable energy production wants to reduce 

this superior development.  
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It is true, that net metering is promoting PV system adoption in governmental 

expense. It is also an interesting model for energy companies, since they have to 

produce energy for PV households, basically when it is night and during winter. In 

free markets, this would most likely lead to price differentiation, since everybody can 

produce cheap solar energy and be rewarded with more expensive energy during 

winter. Also, energy companies will probably suffer for cheap price during peak 

summer days, when there is too much energy coming back to the grid, which must 

be allocated somewhere. Poullikkas et al. (2013, 977) notes that there are 

advantages for energy distribution companies and grid maintenance companies, 

such as decentralizing energy, helping especially rural areas. However, these are 

not only benefits of net metering, but can be reached with p2p blockchain system.  

 

Net metering is artificial system to solve the problem of surplus energy in PV 

households. It does not work on free market conditions, thus affecting some players 

negative while others gain massive benefits. Therefore, it is not to be considered as 

optimal solution, and this research suggests that blockchain could provide better 

solution with truly working p2p markets. However, since there is no data available 

how blockchain could change the markets, net metering provides good referring 

point to analyze what could happen, if economically compelling environment is 

created for PV systems.  

 

Besides net metering, centrally focused, industrial-sized plantations are significant 

threat to decentralization. There are no clear signs of political movements towards 

decentralized energy forms in Finland. However, there are industrial plantations of 

wind energy, which are subsidized. Also, nuclear is seen as cheap and relatively 

reliable energy source. Therefore, the question is, will decentralized energy systems 

be economic enough for mass adoption? For sure, there will always be some 

amounts of small household’s energy systems and centralized power plants. But, in 

what ratio?  

 

4.3 Probability analysis of different scenarios 
There are lots of uncertainty related to cryptocurrencies and blockchain technology 

in general, in terms if they are ever going to be publicly accepted. Basically, there is 
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no technical obstacles, but legislation is currently quite harsh on cryptocurrencies. 

Therefore, it is not widely used, and its future is uncertain. Besides the fact that 

cryptocurrencies remain niche currency, blockchain technology itself has to 

overcome few fundamental problems, such as scalability issues. Also, other kinds 

of regulations and legislations can have negative impact on decentralization 

movement, since it benefits mostly consumers, not existing corporations. It can 

become a problem, since there are corporations heavily invested on existing energy 

infrastructure. This sub-chapter identifies and analyses these problems, thus ending 

with probabilities for each scenario to happen. Most of the scenarios assume that 

p2p energy trading platform is applied, except the last scenario, where net metering 

is applied. This is not either-or –situation, but more like, if there is working 

decentralized markets, it will most likely be one of these. It can end up with other 

scenario too, such as complete centralization. This would be quite the same as it is 

today, in current situation.  

 

It is quite bold statement to say, that cryptocurrencies will go mainstream on energy 

trading platform, when it has not gained its role in monetary markets. However, since 

there is time until 2050 basically, lots can change. If Finland wants to be completely 

under renewable energy by 2050, something must change. One change can be the 

adoption of cryptocurrencies, and therefore blockchain, but it does not seem likely 

within few years from new. Blockchain has proven itself, but academic discussion 

and research is highly needed to address this problem. Basically, the system could 

work in a way, where prosumers and customers do not even notice that they have 

made transactions in cryptocurrency, since different exchange services can be 

implemented to smart contract for example. In this way, the transactions would be 

seen as euro transactions, but they would be instant, and in micro level most likely, 

since the flows of surplus energy sold should remain quite low in case of ordinary 

prosumer. In conclusion, blockchain technology is near-ready to be fully 

implemented, but legislation has quite many unanswered questions. For these 

reasons, this is single biggest reason why blockchain based p2p sharing economy 

could not work in case of energy trading. Most likely the legislation problems will not 

be solved within next few years, but after blockchain have proven itself 

academically, it could have role in society. If blockchain does not get implemented, 
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most likely net metering will solve the problem of surplus energy. This scenario is 

introduced in sub-chapter other scenarios. Otherwise, decentralization will remain 

low and industrial-sized wind and solar plantations will be the future. In this case, 

business-as-usual keeps the status quo having its benefits and disadvantages.  

 

If there is fully working blockchain solution for Finnish energy markets, it would most 

likely disrupt the traditional markets. This would mean moving from current situation 

to the slow-mowing markets immediately. Likelihood for this seems to be high, since 

there are niche segments to be improved, such as off-grid ecosystems. However, 

this scenario is temporary, because it has to develop from this situation, since it is 

not stable or encouraging. Global market evolution seems to be in high level, 

therefore affecting Finnish markets also. This will lead to cheaper PV systems and 

quite likely to more innovative systems too. However, without suitable political 

environment, market evolution cannot accelerate these markets enough to disrupt 

properly. The biggest reason for this is, the lack of economic incentives, such as 

better price for surplus energy, which can only be achieved by deregulating current 

legislation. If the price for surplus energy remains as low as in slow-moving markets, 

the PV systems installed will most likely remain smaller, in order to optimize self-

consumption to the level of self-production. This will slow down the development of 

truly p2p shared economy, since there is not much to be shared. It will also be less 

attractive for companies to get involved, thus the competition is not that fierce than 

it could be. However, if the suitable political environment is achieved, green 

revolution seems inevitable. It seems plausible to reduce some costs, such as 

energy tax and small reductions to grid fees too, if the local grid is used only. In 

results chapter, there is calculations if all the taxes are reduced from selling the 

surplus energy and from the equipment’s too. This seems quite too radical to 

happen. At least, if the apartment building is freed from legislation, thus allowing 

free trade inside its network, it would accelerate the adoption of PV systems. 

Therefore, it seems probable that political decisions will enhance the markets for 

decentralized solar energy. Furthermore, if the political side is checked, the market 

evolution will be high, because it is already high globally.  
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In conclusion, green revolution scenario seems doable, if blockchain technology 

improves to the level needed, and is adapted to these markets. Also, political 

environment must be suitable, since only high market evolution itself cannot lead to 

green revolution. If the political environment is not suitable, fragmented scenario 

can be reached, but it will not satisfy the needs of the markets. This would eventually 

lead to regress back to situation where centralized forms of energy are mainly 

consumed. There would not be any financial incentives to encourage consumers 

becoming prosumers, at least in a level needed for truly decentralize the energy 

markets. Therefore, if the movement is towards true p2p sharing economy in solar 

energy, the end-result will most likely be green revolution, since other scenarios 

does not seem to sustain in long-term.  

 

4.4 Results framework and answering the research question 
This sub-chapter compiles the findings of the different scenarios into figure 14. 

Firstly, current situation, which is the starting point of the analysis. It is happening 

now, therefore probability for the change comes from the probabilities of the different 

scenarios. Current situation is centralized, traditional form of B2C markets. If 

blockchain technology is to be adopted, there is high possibility for slow-moving 

market scenario. It seems highly uncertain in short-term, since there are still 

regulation and it does not have proper legislation at the moment. There are two 

paths from this scenario. Firstly, if political environment is not suitable, but market 

evolution is strong, it will lead to fragmented evolution. This scenario is depended 

on global development, but it has shown strong signs, and will most likely continue 

so. The biggest uncertainties in this scenario is whether Finnish market is ready for 

this development, and how strongly global development affects Finnish markets. 

Second path from slow-moving market is market apathy, which means politically 

suitable environment, where market evolution remains low for some reasons. This 

scenario has lots of uncertainties, mostly related to taxation. Probably political will 

is to deregulate some regulations affecting negatively to the development, but is 

there enough political will to do significant tax reductions? If there is, then the most 

likely outcome is actually green revolution, which is the combination of market 

apathy and fragmented evolution. In other words, it seems highly probable, that 

market apathy is not end-scenario, because that would most likely be too 
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economically attractive to not invest on. That being said, green revolution has some 

uncertainties explained earlier, but if political environment is suitable, it is quite likely 

to happen. This scenario would accelerate PV solar system adoption significantly, 

therefore it is a scenario where decentralization has the biggest influence. These 

scenarios could move backwards also, if events such as war occurs.   

 

Another possible outcome from current situation is net-metering or similar systems. 

This is quite possible scenario, since there is results from other countries. It is also 

quite easy to implement. It would benefit prosumers significantly, therefore 

accelerating PV system adoption. However, it is completely artificial system, where 

government and energy providers will suffer losses. Net-metering has proven its 

advantages, but it has not solved its disadvantages. If these disadvantages could 

be solved in sufficient way, net-metering could become relevant system. Also, other 

kinds of compensation models can solve the problem of surplus energy production.  

 

In conclusion, figure 14 can move from current situation either upwards to green 

revolution, or other scenarios in between, or it can move to net-metering, which 

would increase decentralization also, or it can stay put. If there is no development 

on the field, current situation will be satisfactory. But in decentralization perspective, 

something is to be changed, and in this case, blockchain technology seems relevant 

and fair option for every stakeholder.  
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Figure 14. Results framework of the research. 

Net-metering	=	Artificial,	prosumer	benefits,	but	others	loses.	Easy	to	implement.	
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The research question of the study is: how, and to what degree blockchain 

technology can decrease the payback time of solar energy investment? The answer 

is: it can create true shared economy, where peers can trade energy by themselves. 

Therefore, the immediate impact is to cut third parties out, thus leaving the profit into 

the p2p ecosystem. This would increase the price of surplus energy approximately 

10,30 percent. It is not significant, since it affects only to the surplus energy, which 

is in fact optimized to be zero in current situation. However, this research shows that 

there is significant difference between kWp prices between small and extra-large 

systems. Therefore, it seems reasonable to invest on bigger system, and then sell 

the surplus energy. In this system, the price of surplus energy is highlighted.  

 

This research shows, that the degree of influence is quite low, but the actual true 

p2p shared economy brings completely new kinds of possibilities, therefore the 

actual degree of influence can be much higher. For example, in case of green 

revolution, the prices of PV systems decrease significantly, and the price for surplus 

energy is close to the consumer price. In this scenario, rooftop capacity should be 

maximized by installing as much PV panels as possible. Investment calculations 

illustrate, that the payback time could drop from 15 years to 11 years by achieving 

higher level of surplus energy. Also, if there is for example 20 percent reduction in 

the prices of PV systems, the payback time would drop to 8 years in case of L1 

houses. Also, in case of K1 after deregulation, the payback time of Xl-sized PV 

system would be only 8 years without decrease in price of the PV system. In 

conclusion, true p2p sharing economy could create markets, where decentralized 

PV solar energy could become significantly more economically attractive.   
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5. DISCUSSION 
In this chapter, the research is reflected to existing academic discussion to fully 

understand, in which parts it creates new academic contribution and where it is 

based on existing, and whether this research’s findings correlate on existing 

academic discussion. Also, suggestion for practical implementations are given in 

this chapter. These are for different individuals, businesses and institutions, but also 

for politicians and other academics. Lastly, this chapter suggests further research 

to be conducted and analyses the reliability and validity of this research.  

 

5.1 Theoretical implications 
This research contributes to the research gap between sharing economy and p2p 

energy trading in Finland. It also takes into consideration, if there is actually any 

need for middleman, which is crucial element in traditional sharing economy. There 

is very little academic discussion on true sharing economy, which is terminology 

used by Tapscott and Tapscott (2016). Ranjabari et al. (2018) have done excellent 

work on identifying different key elements on sharing economy. This research 

suggests also, that sustainability is important and relevant factor. Also, idle capacity 

is utilized and more importantly, optimized. This research has created proper p2p 

markets in theory, and it reflects to the findings of Ranjabari et al. (2018). However, 

this research does not follow the findings of Ranjabari et al. (2018) in terms of need 

for third party platforms. While they highlight the role of intermediaries, this research 

suggests that peer community is able to create working platform by themselves, and 

in addition, there is trust involved in this programmed system. For this to happen, 

there must be contractual law in place for smart contracts. Lauslahti et al. (2017, 22) 

identifies different problems and possibilities to be addressed on contractual law, 

when comparing traditional contracts and smart contracts. According to Lauslahti et 

al. (2017, 23), Finland has potential to become pioneer of contractual law in smart 

contracts, if these are properly investigated and reflected to blockchain 

technologies. 

 

Consulting group Roland Berger (2017) have done excellent job by identifying 

crucial elements on decentralized energy systems by interviewing lots of experts on 

energy field. This matrix works as the basis of this research and therefore, 
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contributes to this research significantly, which is seen for example in results 

framework in figure 14. Also, this research contributes to Roland Berger’s matrix, 

since it applies this theory in new framework. The matrix is suitable for this research 

and provides good analytical tool for the research process. Scenario analysis is 

good strategical and analytical tool for this research. Also, Amer et al. (2012) 

suggests that good number of scenarios for each project is between three and five, 

therefore this research have four main scenarios and an additional scenario, if quite 

probable event occurs. 

 

More academic research is needed for wind plantations and battery storage 

especially. These are delimited from this research, but these have important role in 

overall p2p market ecosystem. For this reason, this research does not provide 

complete and comprehensive results of the p2p markets, when everything is fully 

implemented. However, the results from this research indicates that DAO 

organization form can be implemented to these other elements of decentralized 

energy systems. This kind of results is also seen in Mattila et al. (2016) research, 

which is technical conceptualization of these markets in Finland. They have 

addressed technical problems and possibilities well, and this research contributes 

to that by providing economic point of view.  

 

The era of internet of energy in inevitably coming, therefore these problems must 

be addressed in near future. Consumers become prosumers and machines can 

become prosumers too. Alvaro-Hermana et al. (2016) studied trading between 

electric vehicles autonomously. In this case, the owners determine the prices and 

other elements, but in future, artificial intelligence for example could create optimal 

solutions for every vehicle, or every peer. This thinking leads to a question, what 

should we do for machines, since they can take control of energy sales? For 

example, properly programmed smart contract could self-order installation of PV 

systems, sell that energy in marketplace with profit and install more PV systems with 

this money. Or, if self-driving vehicles are to come, and they are electric vehicles, 

they could be programmed to maximize their profits by driving people around like a 

taxi would, but also to sell energy and balance grid. This research suggests that this 
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kind of development is not only possible, but it is in near-future, if political 

environment is as suitable as explained in green revolution.  

 

5.2 Practical implications 
In this chapter, practical implications for businesses and institutions are suggested 

based on the research findings. Since there is a must-do change in progress in 

energy sector, it affects basically every industry. Energy is a key component in 

modern infrastructure, but it must be from renewable sources, and this change from 

fossil fuels is the biggest transformation in modern history of energy production. 

Also, grids are getting smarter with all kinds of sensors, thus creating enormous 

number of data. Traditional centralized energy production is challenged by 

decentralized forms, such as PV rooftop installations. This research has provided a 

study about p2p energy trading, which could open-up completely new business 

models.  

 

The biggest thing to be noted is, that companies working with fossil fuels must create 

a strategic plan to move towards renewable sources of energy production. The 

business of fossil fuels will end by 2050, probably much earlier. In other words, if 

these businesses want to continue working, movement towards renewable sources 

has to be done. The movement have already begun with big investments on wind 

plantations and PV solar farms. One big problem to be solved is, how government 

will push this change, since there are already many kinds of different subsidization 

in different forms of energy. Wind and solar energy are getting to the point, where 

they outperform other energy sources even without subsidizing them, but the 

transformation will be slow, if the old sector will not be compensated in any level for 

the investments they have made for old infrastructure based on fossil fuels. There 

is need for academic and political discussion on how to put this transformation in 

action. This research suggests that fossil fuels are no longer subsidized in any level, 

and for example carbon emission trading is fully applied for every energy provider. 

However, if a company is willing to transfer towards renewable energy provider, it 

must be compensated in reasonable amount. In other words, financial incentives 

should push the change from fossil fuels to renewable forms of energy. When the 
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whole industry starts to change, it will create new jobs, but also decrease the prices 

of PV systems, which eventually leads to better prosumer solutions too. 

 

Since the energy business have always been centralized with national grid, the 

change to local decentralized energy production with smart metering is huge. There 

will be much more volatility in energy grids across the country, since renewables are 

much more volatile sources than fossil fuels, or nuclear power. This creates 

problems and opportunities for innovative companies. The whole payment system 

will be questioned. Traditionally a consumer pays for the energy he/she consumes 

in pre-negotiated price by monthly payments. Soon enough, it could be that you get 

paid, if you own battery storage, which could be for example electric vehicle. Or you 

could get paid by not using the normal amount of energy, thus balancing the grid 

during peak consumption. There will probably be some pooling operations, where 

local communities join together in “pool”, to collect all the available sources and 

operating as one bigger unit. Other new business models to be considered are 

certification business, installation business, storing business, data analyzing 

business and coding business to create working solutions, such as smart contracts.  

 

This research is delimited to PV solar systems, but the whole true p2p sharing 

economy will most likely consists of other elements too, such as electric vehicles as 

storage batteries and wind energy to balance the grid, since it tends to be windy 

during nights and winter. This research has proven, that true p2p sharing economy 

itself decreases the payback time of PV solar investment by only fraction, but it 

creates opportunities, where the different can be significant. This research has lots 

of assumptions and delimitations, thus providing quite rough results. In future, this 

true p2p sharing economy could be value in many new innovative ways. Most likely 

the payment systems will go instant, thus cutting the waiting period of money to be 

paid and earned. This itself would have significant impact on economy. Also, the 

payments will be completely automated with smart contracts, and for example 

governmental tax could be programmed in the smart contract in a way, which pays 

the tax instantly. In other words, smart contract could be written in form like this: 

energy is consumed in worth of one euro by consumer X, 0,20 euros is allocated to 

government as a tax, 0,10 euros is allocated to grid provider, calculated by the 
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distance covered. Remaining 0,70 euros would be allocated to the prosumer, who 

provided the energy in first place. Also, this energy could be certificated by 

certification providers, thus creating differentiation between energy forms. This 

could be lead to situations where the greenest, or the most valued solution is 

preferred. For example, if person A invests on PV solar system, which is 

manufactured in China and then shipped to Finland, he would get certificate with 

life-cycle assessment. Then person B invests on locally manufactured PV system, 

which is certificated also with life-cycle assessment. This would lead to situation, 

where consumer could choose transparently produced energy with his/her values. 

Therefore, these p2p energy markets could have plenty of different prices, and in 

addition, there are economical value for greener investments.  

 

There are already companies offering installation for households. However, this 

industry is quite small. Therefore, if for example green revolution scenario would 

happen, this installation service business would grow hugely. It has been quite 

simple business, offering rooftop installations, but this research suggests that it will 

get much more innovative in future. There will be utilization of under-used assets 

besides the rooftops. Also, new solutions such as organic solar cells could be 

installed on windows, or basically everywhere. Also, the prices will decrease 

significantly when new players enter the markets, thus providing even more 

economically attractive solutions. Also, households and other subjects will be 

packed with smart meters, electric car charging systems and other completely new 

equipment. These all must function together. These will also provide lots of data, 

which could be sold in markets with fair compensation. This data collection has been 

issue in modern world, since most of the companies does not pay any kind of 

compensation for collected data to the customers. Since blockchain knows who 

owns the equipment, it knows who owns the data collected from there. This research 

suggests that there will be completely new way to organize data collection business, 

which will most likely be even bigger in future.  

 
As mentioned earlier, there is possibility that peers “pool” together concentrating 

their power. Figure 5 demonstrates this movement from microgrids with small 

premises to regional level in second dimension. In other words, the energy trading 
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could happen within apartment building’s ecosystem. But this apartment building 

can collect their surplus energy together, and sell this in bigger quantities than it 

would be if every apartment owner would sell just their surplus energy. Also, a region 

of apartment building can join together, and sell their surplus energy in national 

level, for example. In addition to that, these pools could create completely new form 

of business. For example, they could collect peers, who are willing to cut energy 

usage during peak consumption by using less light, or by using less heating. 

Therefore, the company or the system, which is accountable on balancing the grid, 

would pay to this “pool” to not use energy as much as they would normally do, thus 

balancing the overall consumption.  

 
5.3 Further research 
This research contributes to research gap in sharing economy and p2p energy 

trading in Finland. It is based on previous research, but has its novel findings, such 

as the many advances that p2p trading could bring to the markets. However, there 

are plenty of research left to be done. There is enough research on blockchain 

technologies, sharing economy itself, scenario analysis and energy infrastructure. 

But combination of these in Finnish markets, to fully understand relationships is 

needed. Also, this is reflected to Finnish markets, but these ideas can work 

internationally too. Every country has their own policies, environmental goals and 

weather conditions. For example, Finnish expensive taxation is one reason, why 

decentralized PV solar energy is that effective to be implemented.  

 

This research focused on PV solar systems in decentralized p2p network in Finland. 

It is quite impossible idea, that PV systems could work alone, fulfilling the yearly 

energy need, at least in Finland. Therefore, other elements are needed, thus adding 

more future research. Same kinds of researches as this is needed in field of wind 

energy, bioenergy and other renewable forms. Also, storage batteries must be 

studied to get better understanding on how these will benefit the p2p energy 

ecosystem. This research suggests further research on game theory –model on truly 

shared economy with all the players involved. This type of research would give 

comprehensive results on how this market could evolve in future. Also, this would 

be strategical tool for companies and politicians to make better choices in future. 
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For example, these decisions could be strong supporting of electric vehicle 

transition, in order to have truly decentralized storage battery connected to national, 

and local grids.  

 

Based on this research, it is quite easy to implement to other countries too. Finland 

represents developed countries, with relatively less amount of sun. Still, it is 

economically viable solution to invest on PV systems. Therefore, it is urgent to study 

these impacts on developing countries, preferably those who lack the energy 

infrastructure at the moment. By doing this, there is great chance to build completely 

new and unique energy infrastructure, since there are no old burdens. This research 

suggests further research especially in Latin American, African and Asian countries 

near to the equator. For some reasons, these areas seem relatively poor and they 

do not have working energy infrastructure. By creating working solutions, such as 

PV plantations and decentralized option for villages, it could be possible solution for 

energy and food crises globally. This is crucial development globally and must be 

addressed in further research.  

 

5.4 Reliability and validity of the research 
This research is based on accurate calculations of PV solar investments in Finland. 

Numerical evidence is valid and the investment calculations takes into account 

various elements, such as weather conditions and reduction in efficiency over time. 

Therefore, qualitative data creates valid and reliable starting point for further 

analysis. These analysis, created into scenarios, are even in their best form only 

good guesses. It is natural for this type of research. However, these scenarios are 

provided with best available information from previous research’s and from expert 

opinions. For example, Jero Ahola was interviewed prior to actual research process 

to make better predictions of the future. Jero is one of the leading experts in field of 

solar energy and he is currently working in Lappeenranta university of technology 

as a professor in field on solar energy. This research has lots of assumptions, but 

they are identified and explained in the research. For example, results chapter has 

lots of speculation, if certain events could occur in Finnish conditions.  
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6.  CONCLUSIONS 
This research is answering to the question, if blockchain technology can decrease 

the payback times of solar energy investments. Theoretical background for the 

research includes blockchain technology, sharing economy studies, PV systems 

and p2p energy trading. The results are put into 2x2 matrix created by Roland 

Berger. This research is merely a one piece of bigger picture; therefore, its results 

cannot be implemented alone. However, these results can give insight for different 

stakeholders, because this research have lots of assumptions for different events. 

Also, the results found in this research can be implemented to other countries too, 

if that country’s conditions are similar, or the numbers are changed to cover that 

country’s numbers.  

 

Theoretical framework for this research is comprehensive, and it is possible to apply 

in Finnish conditions. It has not been tested in Finland, and there are questions to 

be answered. Most of the questions are related to legislation and regulation. For this 

reason, lots of assumptions are done in scenario analysis. If Finland wants to 

achieve its goals on sustainable development, something must be done. Then, the 

question is, whether to build centralized or decentralized systems, or combination 

of these. Lots of power is in the hands of politicians. Markets will most likely evolve 

and accelerate the adoption of PV systems.  

 

The results have proven the blockchain based p2p trading as sufficient way to create 

framework for true sharing economy. It is a way to have working markets for energy 

trading, and it would cut the middleman out, thus leaving approximately 10,30 

percent margin for peers. This research suggests, that is it not enough alone to 

accelerate the adoption of decentralized PV energy systems. However, this true 

sharing economy model will create new business opportunities, which could have 

significant impact on the markets. According to existing knowledge collected in this 

research, blockchain technology is able to produce secure, trustless network for 

national to global level actions. It is disruptive innovation, and its full potential is not 

tested yet. From environmental perspective, PoS seems to be the right solution for 

consensus mechanism, but more research must be done. In conclusion, it seems 
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that blockchain is key element in creation of true sharing economy, which could 

disrupt the markets all around the world.  

 

This research suggests that persons who are willing to invest on PV systems, would 

invest on full potential rather than calculating the optimal solution to meet self-

consumption and self-production. This is based on evidence, whereas system size 

increases, the price of single unit of energy falls drastically. With bigger PV system, 

prosumer can fulfill him/her energy need with self-consumption during more than 

one month, which is the model where optimization would lead. In this system, the 

working p2p markets are crucial, because there will be more surplus energy. If the 

price for surplus energy remains low, there is no pressure to sell this surplus energy. 

In this case, there is no energy consumption optimization, which leads to increase 

in overall energy consumption. But, if there is attractive price for surplus energy, 

most households will probably optimize their energy consumption and sell the 

surplus energy.  

 

If nothing happens in the markets, it is most likely to stay similar to current situation, 

where is no p2p trading systems, but energy infrastructure is well organized and 

mostly centralized production. In this case, discussion will remain about 

implementing net-metering system, or other system, which could be blockchain, to 

achieve better conditions to invest on PV systems. As mentioned earlier, net-

metering systems have advantages and it has proven itself, for example in Denmark 

in prosumer perspective. However, since it is artificial system to benefit prosumers, 

there are obvious disadvantages, such as price difference between winter and 

summer, where prosumer ultimately wins and energy providers loses. It seems that 

is could work in small scale, but mass adoption will eventually lead to huge 

governmental costs in taxes and subsidizing traditional energy providers. Therefore, 

net-metering has unsolved issues too. If net-metering nor blockchain is adopted, 

then the markets will remain centralized. In this case, there will most likely be huge 

centralized PV plantations in Finland in future. Automatization and cheap price of 

land will make PV solar energy one the cheapest energy forms, and definitely 

cheapest during summer season. Evidence from historical data suggest that 

Swanson’s law will continue working, since it has almost 50-year track record 
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already. This would mean, that every tenfold of cumulative installed capacity leads 

to halving in price of PV solar cells.  

 

If blockchain system is widely adopted, and this does not need any significant 

requirements from existing infrastructure basically, it will decrease the payback 

times of solar energy investments, but more importantly, it will create innovative 

markets to work within. In the beginning of the adoption, the movement is quite slow 

probably, since there is no proper legislation and regulation yet. This would mean, 

that blockchain technology would only create true sharing economy on energy 

markets, but the market evolution is not strong enough to accelerate the 

development yet. This scenario would lead to approximately 10,30 percent increase 

in price of surplus energy for prosumers. It is not much, since it affects only for 

surplus energy, but it is a starting point. This is the main results for the research, 

since the research question is whether or not the blockchain technology can 

decrease the payback time of solar energy investments, and how.  

 

There is strong evidence, that global market forces will impact strongly on the 

development of PV systems, especially decreasing the prices. Also, there are new 

innovations coming, which is not considered profoundly in this research. Even 

though the markets will develop, it is in political hands whether it will develop to 

centralized or decentralized form. There is clear need for new legislation and 

regulations, or in some cases, deregulation. Single biggest impact could be 

achieved, if apartment buildings would be deregulated, and transactions within that 

microgrid would be tax-free and with grid costs that reflect the amount accordingly. 

Today, it is not possible to sell solar energy in apartment building’s microgrid money-

wisely, even if the energy is produced on top of that building rooftop. That energy 

can be only used to common space, since otherwise taxation is applied. This 

deregulation would be significant, and most likely will lead to utilization of every 

rooftop with proper conditions in Finland. This research suggests that in this kind of 

use, the PV system would benefit the most, since apartments has the relatively 

biggest price for consumer energy, and in addition, apartment building is already 

microgrid connected to each other, therefore it would be proper marketplace. Also, 

it has been suggested that apartment building could direct energy to every 
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apartment energy unit for one unit of share method. However, if there is proper p2p 

markets, there could be much more complicated market systems, such as few 

internal investors, or even external investors. This would probably lead to maximal 

utilization of rooftop capacity in Finland, since most likely every apartment owner 

does not want to invest on solar energy by themselves. This research suggests that 

PoS mechanism is used, if it can prove itself in near-future. Otherwise, PoW will be 

sufficient enough, even though it uses enormous amount of energy.  

 

In conclusion, if the political environment is suitable for this type of development, 

most likely market evolution is strong enough to achieve scenario, which is called 

green revolution in this research. This would mean strong adoption of decentralized 

PV solar energy systems. PV systems alone would not be sufficient in true sharing 

economy, and to be more accurate, in working p2p markets. There would be need 

for other renewable sources, such as decentralized and/or centralized wind 

plantations. Also, storage battery system will most likely be crucial, since renewable 

energy forms tends to be quite volatile in their energy production. In future, the 

problem is not about estimating the energy production, but how to balance it. Also, 

energy grid needs to be in balance all the time. For this reason, storage batteries 

seem to be crucial. This research did not focus on this, but solutions could be electric 

vehicles, which will most likely displace petrol engines within next decades. For 

example, if there would be one million electric vehicles, it would most likely be 

enough to balance energy grid. This would mean, that Finnish energy grid has 

reached a state called internet of energy. In this system, old traditional business 

models are questioned. This research suggests that in future, it is probable that 

consumers will get paid by not using energy during peak consumption. This, and 

also other new models would be revolutionary in energy markets. For these reasons, 

research on game theory must be done, to see what happens when different players 

in field decides different things.   
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APPENDICES 
 

 
Appendix 1. Weekly average spot prices of electricity (10.12.2018). Source: 

Nordpool (2018) 

 

 
Appendix 2. Yearly average spot prices of electricity 2000-2017. Source: 

Tilastokeskus (2018) 
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Appendix 3. Monthly price of electricity for different customers including taxes, 

grids and electricity, 2017. Source: Tilastokeskus (2018). 
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Appendix 4. Yearly average of consumer electricity prices including taxes, grids 

and electricity 2000-2017. Source: Tilastokeskus (2018).  

 
Appendix 5. Monthly energy production of LUT solar panels (208,5 kW) in 2018 

(December 2017*) in kWh. Source: (LUT, 2018) 

 

 
Appendix 6. Monthly energy consumption in Finland in year 2017. Source: 

Tilastokeskus (2018) 
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Appendix 7. Comparison of three selected Finnish solar panel companies’ offerings. 

Source: Vattenfall, 2018; Helen, 2018; Lappeenrannan energia, 2018. 

 

 
Appendix 8. Total consumption of electricity in Finland 2000-2017 in GWh. (Source: 

Tilastokeskus 2018) 
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Appendix 9. Small-size solar energy life cycle calculations. 

 
Appendix 10. Large-size solar energy life cycle calculations. 

 



	
	
	

91	

 
Appendix 11. XL-Size solar energy life cycle calculations. 


