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Abstract  

World energy systems are going through a continuous change. The focus 

has been shifted from large thermal or hydal power generation to small 

distributed generation, mainly based upon renewable energy systems. This 

transition is also backed by some governments. There have also been 

significant improvements in grid technology, and modern-day smart grid can 

provide real time bi-directional flow of data i.e. “real time energy deficit and 

surplus, and also real time prices to both producers and consumers. Smart 

grid can also accommodate intermittent small suppliers of electricity. This 

shift in energy generation policy and improvement in grid technology has 

opened ways for small scale energy producers and consumers to share 

energy with each other. It has also opened ways to purchase or sale energy 

to unknown peers over a smart grid. Need has been felt to store these 

transactions among peers in a secure, non-alterable yet quickly accessible 

way. Blockchain technology offers to provide this secure, unalterable yet 

quickly accessible ledger. 

In this study this transition process and role of blockchain technology for 

future energy systems has been historically reviewed. It has been found out 

that on top of keeping record of Peer to Peer transactions, blockchain 

technology can fill many other purposes. However, technology is still not 

matured for large scale projects, Research projects are underway to 

decrease the large time and energy consumption for block building 

computational processes yet keeping them safe and reliable. 

Keywords: Peer to Peer energy trade, Blockchain technology in energy 

sector, Distributed generation, Energy sharing, Smart Grid, Renewable 

energy, Future energy systems. 
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1 Introduction 

Modern energy systems have gone through different transformations over 

the period of time. These transformations depend upon a number of 

different factors and have become rapid with the start of new millennium. 

Traditionally electrical energy generation systems are central and mainly 

consist of huge infrastructures i.e. hydropower, nuclear or thermal power 

stations, that supply electricity to the consumers through transmission and 

distribution grid infrastructures. 

During the past 20 years or so, trend has shifted from central energy 

systems towards decentralized and/or distributed energy systems [1]. There 

are a number of reasons for this policy shift, major reasons include climate 

change and climatic goals set by Governments, phaseout of nuclear power 

by some countries , depletion of fossil fuel worldwide, Issue of energy 

security, and climate change associated with fossil fuels”, price fluctuations 

of fossil fuels and Government support of Renewable energy systems 

(RES) [1], all these factors make thermal and conventional power plants 

less attractive to fulfill the future needs.  

In the recent years renewable energy technologies such as wind power and 

solar energy have gone through learning curves and have become much 

more cost competitive against the traditional energy sources [2].  

There have also been technological advancements in grid infrastructure, 

modern day grid is equipped with real time information flow of electricity 

generation and consumption [3]. 

At the same time, information technology has also emerged as a very useful 

tool for everyday life and has provided its usefulness in almost every 

industry worldwide. in everyday life we can see examples of Peer-to-Peer 

(P2P) trading of new and second hand goods at www.tradera.se , 

www.ebay.com, www.alibaba.com, www.dba.com and at many other 

internet platforms. Also, we have seen emergence of crypto-currencies such 

as bitcoin and many others, that can be used for online trading [4]. 

Today, in the presence of smart grids and domestic (RES), efforts have 

been made to build models where peers in a locality can sale or purchase 

electricity between each other over a smart grid [5]. 
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Blockchain technology claims to provide a secure, reliable and alternate 

solution to a distribution company or cloud-based internet of things (IOT) 

data as it can keep a secure non-alterable ledger of the (P2P) transactions. 

Many different projects (5) are underway that use blockchain technology to 

propose new business models for renewable energy sources (RES) 

generation and consumption, claim to find possibilities for efficient and 

cheap usage of (RES), and strive to make distributed generation (DG) 

energy systems competitive with central energy systems. 

Background: 

State of world energy: 

In the beginning current state of world energy is described along with 

production and usage patterns to provide a basic overview. Major sectors 

that use primary energy include Domestic, transportation, heating and 

industrial etc. Amongst these sectors, it has been noticed that demand of 

electricity is continuously on the up and has become tripled during the last 

quarter of 20th century. This has happened because electricity is a very 

convenient form of energy for transportation and usage.  With increase in 

population and improvement of lifestyle, world electric energy needs are still 

on the rise. It is expected that this need would continue to rise for at least 

next 50 years [2]. Major contributors to fulfil the world energy needs are 

fossil fuels i.e natural gas, oil and coal [2]. However fossil fuel resources are 

limited and are shrinking with time. Moreover, these resources emit 

greenhouse gases to the atmosphere and are the biggest cause of global 

warming. These problems lead us to search for alternate energy resources. 

 According to international energy agency “world atlas 2015” [6], about 65% 

of world electricity production comes from fossil fuel. That is followed by 

hydroelectric plants 16%, nuclear plants 10.6%, biofuels and waste 2.2% 

and geothermal, Solar, wind and other sources make up the remaining 

4.9%. However, the share of renewables is increasing fast. 

Amongst other factors, Depletion of fossil fuel resources have played an 

important role in policy shift towards electricity generation from alternate 

energy resources. According to [6] world oil peak production will occur 
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somewhere between 2019 to 2030, after that production will start to decline. 

The same is the case with natural gas, its sources are likely to last until 2075 

[6]. The coal reserves are still in abundance, and coal is still the largest 

source of electricity production worldwide [2]. However electric production 

from coal is discouraged, especially in industrialized world due to 

agreements on climate protection and greenhouse gas reduction [1]. 

Countries are setting targets for addition of renewable energy into their 

national system. For example, Sweden and Denmark have set targets for 

100% renewable energy by year 2050 [3]. 

Depletion of fossil fuel reserves, technological advancements, climate 

agreements and targets, all these factors have led to new, efficient, 

renewable energy technologies. Amongst these technologies some show 

more promise than the others. 

In 2016 solar PV capacity reached almost 300 GW and generated over 310 

TWh of energy which is 26% higher than the previous year, still it accounts 

for about 1% of global power output [7]. It is predicted that over the next 5 

years solar PV is expected to lead renewable energy growth with an 

expected output of 440 TWH in year 2022. Likewise, according to [8] 

number of electric vehicles globally has surpassed the number of 3 million 

and is continuously on the rise. Wind industry, both onshore and offshore, 

is also going through a phase of rapid expansion [7]. 

 

In the next sections, central electricity generation and distributed electricity 

generation are described alongside their advantages and associated 

problems, so that a clear picture of present and possible future scenarios 

can be drawn. 

Central electricity generation: 

Electric energy systems traditionally constitute of huge centrally constructed 

electricity generation facilities, high voltage transmission lines that transport 

electricity from generating facility and distribution lines and from transformer 

stations to the electric consumers. [9] Generation facilities have been huge 

traditionally and are mainly hydel power stations built over huge dams, 
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thermal power stations and nuclear power stations. Large facilities were 

installed because they offer certain advantages that include [10]: 

 

1) High economies of scale. 

2) High energy efficiencies “compared to smaller plants”.  

3) innovation in electricity transmission. 

4) Reliable source of electricity. 

5) Environmental constraints. 

However, there are certain drawbacks of central power generation, that 

include 

1) High transmission and distribution costs. 

2) High costs of rural electrification. 

3) Continuous and huge investment in transmission and distribution 

networks. 

4) Lower energy efficiency over long distances. 

5) Security and reliability problems, especially with nuclear and fossil 

fuel-based generation plants. 

6) Vulnerability in supply chain, i.e. because of war, tense political 

situations or when the plant is on down time. 

7) Climatic effects of central and conventional energy sources. 

These drawbacks and vulnerabilities have led to the formation of new 

energy generation sources and distribution networks. 

Distributed generation: 

The distributed generation “DG” is smaller in size as compared to central 

energy systems and is usually installed to meet the needs of a small vicinity 

and is normally renewable in nature [11]. Normally distributed generation 

also employ high tech information technology systems, that provides 

information about local demand and generation capacities. The only major 

problems with usage of (RES) in (DG) is their intermittent supply “weather 

dependent” and their integration into the grid. This information proves useful 

for power planning and management strategies of energy systems [12]. 
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Renewable energy systems: 

Renewable energy is generally defined as energy that is collected from 

resources which are naturally replenished on a human timescale, such as 

sunlight, wind, rain, tides, waves, and geothermal heat [2]. According to [7] 

renewables contributed 19.2% to global energy consumption in 2014 and 

23.7% to global electricity generation in 2015. Renewable energy is 

generally used in four important areas, namely  

1. Electricity generation. 

2. Heating and cooling. 

3. Transportation 

4. Rural (off-grid) energy.   

Renewable energy resources exist over wide geographical areas in one 

form or another, on the other hand fossil fuels are uneven in distribution and 

the quantity of fossil fuels is also limited.  There is no such limit for 

renewable energy resources. 

Rapid deployment of renewable energy is resulting in significant energy 

security, climate change mitigation and economic benefits [1]. For example, 

by using more renewables to meet its energy needs, the EU lowers its 

dependence on imported fossil fuels and makes its energy production more 

sustainable. 

Figure 1:  Share of different (RES) in the energy mix in EU [7] 
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Renewable Energy Targets: 

The EU’s renewable energy directive sets a binding target of 20% final energy 

consumption from renewable sources by 2020 [1]. Each country has committed to 

reach this target through their own action plans. They are also required to have at 

least 10% of their transport fuels come from renewable sources by 2020 [1]. 

Percentage 

2014 

transport electricity Heating and 

cooling 

Overall 

share 

2020 target 

EU-28 5.9 27.5 17.7 16.0 20.0 

 

Table 1. Renewable energy targets in EU for 2020 [7] 

Target for 2030: 

Renewables will continue to play their role in helping EU meet its energy 

needs beyond 2020. EU have already agreed on a new renewable target of 

27% final energy by 2030. [7] 

In order to meet these goals, renewable energy generation capacity has to 

be increased. With increase in renewable energy capacity, authorities will 

have to deal with problems like intermittent supply of energy in future.  

Some studies have also predicted long term energy scenarios for the world 

i.e. from 2050 and beyond. One such study is presented as follows. 
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Long term Scenario of energy systems: 

German advisory council on global change estimates that about 50% of world’s 

primary energy will come from renewable energy resources by 2050 and it will rise 

to 80% by year 2100 [2]. 

 

 

Figure 2. The global energy mix for year 2050 and 2100 [2] 

However, in order to reach these levels worldwide efforts are required on 

global scale. The graph shown above predicts a slow decline/ depletion of 

oil usage from 2030 onwards to 2050, and then a steeper decline from year 

2050-2100. Coal usage reaches its peak by the year 2030, then shows a 

steep decline until year 2050, and is almost phased out by 2100. Natural 

gas usage also shows a downward trend throughout 2030-2100. 

Hydropower shows a peak by 2030, and then starts to move downward 

through 2050-2100 Nuclear energy also shows a downward trend 

throughout the curve. Traditional biomass shows a downward trend until 

2050 and is almost extinct by 2100 mainly because of its low efficiencies. 

Advanced biomass shows a peak period between years 2030-2040 and 

then starts to go down until the year 2100. Other renewables i.e. solar 

thermal, wind and geothermal etc. are also supposed to increase their share 
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in the energy mix. However Solar power (photovoltaics and solar thermal 

“generation”) are supposed to take the major share of global energy mix by 

2100. These are predicted to take an upward curve from year 2030 and 

shows a steep upward curve until year 2100. 

if energy systems of future follow these predictions fully or even partially, 

the major production of electricity would come from solar panels. That would 

mean a gradual phase out of electricity generation from fossil fuels i.e. oil, 

gas, coal, also from hydel, nuclear and wind and it also means a huge 

amount of intermittent renewable energy. 

The energy produced by the solar panels will be in the form of government 

owned or utility owned medium to large scale solar parks, and a part will 

also be in the form of privately-owned solar panels. With small scale energy 

producers and consumers living together in a smart grid, comes the 

possibility of (P2P) trade of electricity between energy producers and 

consumers. In order to understand this form of trade and its possibilities, the 

concepts of sharing economy platforms and smart grid should be 

understood first. 

Smart grids: 

Advancement in technology has led to the innovation of smart grids. In 

simple terms, smart grid is a  power network that use modern computer and 

communication technology to achieve a network that can better deal with 

potential failures [3]. Smart grid is an advanced power system, with 

integrated communication infrastructure to enable bi-directional flow of 

energy and information [12]. This bi-directional flow of information and 

energy help build sustainable, secure and economic power supplies within 

a smart grid system. Bi-directional flow of energy may also allow Prosumers 

“the consumers that also produce electricity” to sell the electricity across the 

grid. Prosumers normally generate electricity using solar Photovoltaics 

(PV), therefore the energy produced by them is renewable in nature. This 

brings a big benefit to the environment due to reduced greenhouse gas 

emissions as well as energy security of the smart grid system [15]. A smart 

grid may also accommodate industrial prosumers and consumers. 



13 
 

Sharing Economy: 

“The sharing economy is broadly characterized by (P2P) exchanges for 

renting goods or services through utilization of internet platforms” [4].  The 

main focus of sharing economy platforms are towards facilitation of peers to 

share, to rent, or to sale or purchase of assets with each other. Airbnb and 

Uber are two major examples of (P2P) business platforms. [4] also 

described that expansion of sharing economy is rapid and is predicted to 

reach a figure of 335 billion US dollars compared to a value of 15 billion 

dollars in 2015. 

[14] conducted a study on user satisfaction and intention related to (P2P) 

business, it was found that motivation of using sharing economy relies upon 

the advantages and ease provided by the business model that makes 

transactions efficient. it was found that successful companies that provide 

platforms for (P2P) sharing were not able to expand in the early years due 

to lack of efficient internet technologies [25]. Sharing economy provides 

certain advantages that have led to its rapid growth and acceptance, for 

example sharing economy help use underutilized assets i.e. renting room of 

a house, sharing of a private car, utilization of full capacity of local renewable 

energy by the community members among themselves at an 

unprecedented ease via secure, efficient real time internet platforms [4].  

However, there are a few concerns associated with (P2P) networks, most 

peers using a (P2P) platform are strangers to each other and yet they make 

a transaction with each other, that includes an element of insecurity and fear 

[14]. (P2P) platforms have tried to reduce these factors by the introduction 

of customer support, user ratings and reviews [14]. 

 

Energy Sharing: 

Research has already been carried out to create a framework for energy 

sharing among peers.  

Increased share of distributed energy resources i.e. (PV) cells, 

technological advancements in battery storage systems for steady flow of 

power from intermittent renewable energy resources has allowed 

researchers to propose models for energy sharing amongst peers [12][24] 
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[32][26]. 

Moreover, deregulation of electricity markets, emergence of prosumer 

based renewable energy technologies and smart grids are a few driving 

forces for the creation of (P2P) energy trade [15]. 

[16] proposed an energy sharing model for smart grids. In this model each 

prosumer is termed as a “node”.  Nodes may trade electricity among 

themselves over the smart grid. 

This trade between different nodes is monitored by an “energy trade 

manager” who keeps track of all sales and purchases, supply-demand 

schedules and controls the energy flow in and out of the node. The 

conditions of the trade are controlled by the energy trade manager, there 

can be different scenarios of energy sale and purchase between different 

nodes, like energy sold, purchased, loan credited by a node from another 

node or a “proxy trade”. Proxy trade is described as a trade between a buyer 

node and an energy storage facility “most likely a common facility of smart 

grid”. Energy supplied by a proxy node may be later offset by a selling node. 

This model proposes a practical solution for energy trading among 

prosumers and consumers, however in this model a lot of responsibility lies 

with energy trade manager. Starting from setting the rules for energy trade, 

pricing, clearance of transactions, collection of data for energy usage and a 

real time flow of information among prosumers and consumers within the 

system. 

Another important factor in (P2P) energy trade is the number of participants 

available to take part in the trade. There is a viewpoint that network would 

only efficiently function if there are a minimum number of participants 

available for the trade [17]. 

 

Aim: 

The aim of this thesis is to study the benefits that application of blockchain 

technology in a microgrid renewable energy market can bring and also for 

energy systems in general. 
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Objective: 

Objective of this research work is to study the transition from central energy 

systems to (RES), (DG) energy systems, Problems associated with (DG)  

renewable energy over a smart grid, Importance  of energy sharing in a 

smart grid energy market Possible solutions provided with the help of 

blockchain technology, and role that blockchain technology can play in  

energy systems for future. 

Approach:  

This study is carried out in the form of a “Historical review”, the practices 

and changes in the world energy systems are described in a chronological 

order, in order to understand the transition in world energy systems and 

possible future patterns that the energy systems will adopt, including the 

integration of blockchain technology into the energy systems of future. The 

reasons for this choice are discussed in detail in “Research Methods” 

section. 
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2 Theory: 

Blockchain technology: 

it is a new technology, it is disruptive in nature and it claims the potential to 

take over the role of “energy trade manager” as proposed by [16]. 

 Blockchain technology can be defined as, Blockchain is a transparent, 

secure technology used for storing and transmitting data which does not 

require a central controlling system [18] [19] [20][21] [24]. It is a  database 

that contains records of all the transactions that have been made by users 

since its creation, the transaction ledger is secure and distributed and is 

shared among all users without any intermediaries, which means everyone 

can verify the validity of the chain [36].blockchain can also be explained as 

a type of distributed, electronic database (ledger) which can hold any 

information e.g records, transactions and can set rules on how information 

is updated. With the time and new transactions, Information stored on 

blockchain technology continuously grow as blocks (files with data) linked 

to the previous blocks using a chain. In order to alter any previous block in 

the past, all blocks need to be altered. The ledger is maintained by a network 

of participants according to a predefined mechanism, therefore no 

centralized authority is needed [23]. 

 These distinguished characteristics of blockchains open paths for many 

new usages of blockchain technology in the energy sharing economy. as 

being non alterable blockchain technology can bring an element of trust to 

the (P2P) trade [24][25], that is considered as a key element of shared 

economy by [14]. 

Operation of blockchain technology: 

In the following section working of a typical blockchain is described 

The blockchain consists of linear sequence blocks added to a chain, these 

blocks contain information stored upon them [26]. Each block contains the 

cryptographic hash of the previous block. A cryptographic hash is a string 

of numbers and letters that is unique for any information, any change in the 

information stored on the block will change the hash value altogether. 

Therefore, it is not possible to alter the information contained on the block. 

With the increase in number of blocks in a chain, on contrary the chain is 
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considered more secure and temper proof.  A simple transaction 

between a sender and a receiver over a blockchain is described as follows, 

it basically consists of 2 steps 

1) Signing: The sender signs the data using a private key unique to the 

sender, this signing process generates a unique cryptographic hash, 

which can be seen be the receiver. At the same time data is also stored 

on a new block on the blockchain. This can be seen in the figure 3. 

 

Figure 3. Signing process of a blockchain transaction [26] 

Next step is the verification process, which is illustrated as under 

2) Verification: The signatured data sent by the sender to the receiver can 

be verified by the receiver using the verification process. The signatured 

data can be decrypted into a hash value with the use of sender’s public 

key. The hash value generated must match the hash value generated 

in the blockchain. If both values are same, it means the data is not 

forged either by the sender or during the process. This verification 

process eliminates the need of third-party verification. 
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Figure 4. Verification process of a blockchain transaction [26] 

3) Simultaneous signing and verification: The block sign and verification 

process can be seen simultaneously in Figure 5, The sender signs the 

transaction by using the unique private key, then the transaction made 

by the sender can be verified by the receiver by using sender’s public 

key, and. If the hash values generated during the signing and verification 

process are the same, it means a true transaction. 

 

 

Figure 5. Simultaneous signing and verification process [26] 

Each block contains the time stamp i.e. the time of its creation, creation of 

each block is registered that provides transparency, and this information can 

be seen by all users of these chains [26]. 
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Generation of cryptographic hash, that results in building a new block in the 

chain requires mathematical calculations. The process is called blockchain 

mining. Blockchain mining is mainly carried out by 2 concepts, which are 

described below,  

1) Proof of work (Pow) concept: According to this concept, the node that 

wants to participate in calculation must choose the block with biggest 

hash value. This is the most secure form of calculation, but it also 

uses a lot of time and electrical energy to perform the calculation [26]. 

Therefore new but secure calculation methods are searched for, one 

such method with a wider acceptance is given as follows 

2) Proof of Stake concept: According to this protocol, the node with 

highest stake would do the calculation, it requires far less 

calculations as compared to the proof of work concept and consumes 

far less energy in making the calculations [26]. Advocates the use of 

blockchain technology in different sectors but also identify challenges 

associated with its usage. 

Blockchain technology, so far has a drawback. Block building requires 

lengthy calculations and amount of time and energy spent on them and with 

increase in length of chain, the computation also becomes lengthy. 

Likewise, same goes for signature verification that will use a lot of computing 

power and energy. However, technology is safe and reliable. There are 

theoretical possibilities of different threats to the calculation process but 

practically these threats require huge computing powers and are almost 

practically impossible [26].  

As the technology is a secure alternate of cloud data storage, data 

transmission systems, and does not need a third-party verification, therefore 

[24] advocates its usage in (P2P) energy trade. According to [24] collected 

data may also be analyzed to see the energy production and consumption 

patterns and as a result economic efficiency can be achieved by consuming 

energy produced by the prosumers. Therefore, surplus energy can be 

generated and sold when needed. In this study they concluded that (P2P) 

energy trading model can bring two major advantages,  
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1. Energy prosumers can help solve the problem of system stability 

caused by the vast expansion of intermittent renewable power supply 

in future. 

2. Energy prosumers will bring competitiveness to the market and help 

bring the electricity prices down. 

Most researchers [5][17][23][25][27] advocate the use of blockchain 

technology for sharing distributed renewable energy at a microgrid as it 

provides a tool for safe, reliable and secure data and energy sharing and 

has a lack of lengthy and painstaking bureaucratic procedures. 

In a study conducted by [21] a number of benefits for blockchain application 

in energy industry were noted, these are given as follows,  

1) It was argued that decentralized storage of data “through blockchain” 

provides more security for the users i.e. consumers and prosumers 

and also make them less dependent upon the central authorities. 

2) Therefore, Blockchain can be used to make smart contracts, can help 

make payments via cryptocurrencies or their own tokens that can be 

cashed out at local exchange, it can be used to verify transactions, it 

can be used to execute trades, can be used to execute decentralized 

transactions. 

3) However, it is also argued that all different forms of uses described 

above can only be carried out in the presence of an applicable legal 

framework. 

4) This study also pointed out that energy industry differs from the 

financial industry as in energy industry, physical commodity “energy 

itself” must be transferred from the producer to the consumer i.e. via 

network infrastructure “smart grid”. Therefore, an efficient, reliable 

smart grid infrastructure also bears importance for application of 

blockchain technology in energy industry. 

Almost all studies conducted on potential usage of blockchain technology in 

the energy sector are in consensus that usage of blockchain technology 

within a smart grid is a viable option in many ways, i.e. it can help make safe 

and secure contracts and transactions within a smart grid energy market. 

and can also keep safe record of transactions. 
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Application of blockchain technology in a microgrid energy market has 

already taken place, one of the first examples of this case is “Brooklyn 

microgrid”. it is a community powered microgrid, where consumers are free 

to choose their energy producer. 

A research study has been conducted by [3] on brooklyn microgrid and have 

given suggestions for a successful (P2P) trade project. 

Brooklyn Microgrid 

Brooklyn microgrid is a community based microgrid, where people from the 

community can sell and purchase electricity from each other, and the power 

is generated locally. The people living in brooklyn microgrid can use the 

mobile app to purchase electricity generated locally, upstate renewable 

energy or energy from the grid [28]. 

The prosumers “owners of solar panels” can have a smart meter installed 

at their facility and they can sell electricity to the consumers over the smart 

grid. This project was started in 2016. The trade of electricity among peers 

is carried out through blockchain technology [28]. The experimentation is 

still carried out and it is still difficult to say anything about its sustained 

commercial success. 

A study was conducted by [5] on “Brooklyn microgrid”. the researchers are 

of the view that in order to have a successful (P2P) energy trade over a 

microgrid, it is important that components of a microgrid must be defined 

first. In this study 7 components of a microgrid energy market are described. 

1) microgrid setup: A clear objective, definition of market participants 

and the form of energy traded must be defined first. in order to have 

successful energy trading, there must be a minimum number of 

market participants i.e. consumers as well as prosumers. 

2) Grid connection: Grid connection plays an important role in power 

balancing, physical microgrids can couple or decouple from 

superordinate grid when needed. In case of power outage or excess 

generation, this grid connection can come into play and can balance 

the power, however virtual microgrids, that only act as information 

flow systems cannot be decoupled from a physical superordinate 

grid. 
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3) Information systems: Microgrid energy markets heavily depend upon 

high performing fast information systems. These information systems 

need to be reliable, safe, secure, indiscriminate and tamper proof. 

This is where blockchain technology can prove its usage, blockchain 

verification mechanisms verify the market participants, provide 

reliable market data, and keep track of secure transactions. 

4) Market mechanism: Market mechanism should also be predefined 

i.e. market allocation, payment rules. bidding language, bidding 

format etc.  

5) Pricing mechanism: Pricing mechanism is based upon market 

mechanism; pricing mechanism may consist of auctions with uniform 

or individual clearing prices. A prosumer can benefit if the energy 

price is higher than the cost of generating energy and a consumer 

can also benefit if the price of energy at the local smart grid is 

relatively lower as compared to the superordinate grid. 

6) Energy management trading system: Energy management trading 

system or EMTS automatically secure the energy supply for a market 

participant. EMTS have access to real time supply and demand data, 

based upon this data EMTS forecasts consumption and generation 

and develop its bidding strategy 

7) Regulation: The regulation determines how microgrid energy 

markets fit into current legislation or the energy policy, and how the 

business model should be developed to remain inside the legal 

boundaries. 

Besides Brooklyn Microgrid, many startups have emerged on the scene that 

propose different usages of blockchain technology for different applications 

within energy sector. The information is collection and is described in 

following data collection section. 
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3 Research Methods 

This study is basically a literature review, a review article is defined as a 

“Critical, constructive analysis of the literature in a specific field” [29]. 

Therefore, it relies mainly upon previously published relevant peer reviewed 

articles and also to an extent on conference papers, studies carried out by 

consultancy firms, company websites and government policy papers etc. 

[30]. According to [29] functions of a review article can be one or more of 

the following, i.e. to organize literature, to evaluate literature, to identify 

patterns and trends in the literature, to identify research gaps and 

recommend new research areas. 

A review article may also serve to distinguish what has been done from what 

needs to be done, identify relationships between ideas and practice, to 
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understand the structure of the subject or to relate ideas and theory to 

applications etc. [30]. 

According to [30] a literature review can be organized in three categories 

namely,  

1) Historical review 

2) Methodological review  

3) Systematic review 

[40] argues that for master degree literature reviews, there should be 

another organizational category called “Applied review”.  

These organizational categories are described briefly as under,  

Historical review:  

In the historical format the review is organized chronologically. It is carried 

out when the emphasis is on the progression of research methods or 

theories, or on a change in practices over time [30]. According to [29] If the 

research is examining a historical practice or application, it is important to 

discuss the historical period in which that practice or application was 

developed, how the practice or application has changed over time, and 

current usage. 

Methodological review: 

A methodological review in normally organized around methods used in a 

research study [30]. 

Systematic review: 

A systematic review may be organized around the propositions in a 

research rationale or, in a theoretically-focused review, organized according 

to the various theories in the literature [30]. [29] is also of the view that in a 

single study, different kind of organizations may overlap each other. 

In this particular study current/ new practices within world energy systems 

i.e. (RES), (DG), Microgrid, (P2P) energy sharing, usage of blockchain 

technology in energy systems are to be reviewed. Therefore, author has 
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chosen to use historical organization, so that the transformations in the 

phenomenon over time can be understood [39]. 

Documents used in this study are from Peer reviewed research articles 

relevant to the research topics, Edited books, Policy statements i.e. 

“European energy commission”, Professional consultancy reports and 

websites of projects on ground surrounding the issue, which is in 

accordance with [30].  

Firstly, theories and changes in phenomenon over the period of time are 

discussed chronologically through peer reviewed articles, books, 

government policy statement and independent research works carried out 

by the organizations. 

Later, Practical use cases are listed and studied with the help of most 

relevant and up to date data i.e. company websites, independent 

consultancy reports etc. and a connection between theory and practice is 

discussed in the discussion section, in order to reach to conclusions and to 

identify areas for further research. 

 Limitations: 

This study has its limitations, the information used for this study is collected 

through research articles, books, policy papers and company websites. 

Mostly first-hand data was not available. Secondly the technology and 

business models are in their nascent stage and no commercially successful 

peer to peer energy trading model has emerged yet and it was difficult to 

get answers from companies active in the field therefore most of the 

information is collected through peer reviewed research articles, web 

articles, books and company websites. 
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4 Results and Discussion. 

This section contains information about current ongoing projects in the 

energy industry that uses blockchain technology in one form or other. Care 

has been taken to include sample companies based upon their difference 

in function in the energy sector so that all different functions facilitated by 

blockchain technology can be taken in to account. For this purpose, different 

segments of the market where blockchain technology is applied are taken 

into consideration, besides (P2P) energy trade. During the past couple of 

years many different companies working with blockchain technology in the 

energy sector have emerged on the scene. it has been found that most of 

the companies have different business models and target different market 

niches [31]. 

The companies can be divided into 6 broad categories based upon their 

business model and target market. It is described in the following Table 2: 

 

Category Company Country Year Blockchain 
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Founded 

Peer-to-

Peer 

Ponton 

www.ponto

n.de 

Germany 2001 Tendermint 

LO3 Energy 

www.io3ene

rgy.com 

US 2016 Own 

Grid+ 

www.gridplu

s.io 

US 2017 Ethereum 

Energo 

Labs 

www.energ

olabs.com 

China 2016 Qtum 

OneUp 

www.oneup

.company 

Netherlands 2014 N/A 

Volt 

Markets 

www.voltma

rkets.com/bl

ockchain 

US 2016 Ethereum 

Energy 21 & 

Stedin 

www.energ

y21.nl 

Netherlands 2013 Quasar 

ToBlockchai

n 

Netherlands 2009 N/A 
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www.tobloc

kchain.nl 

Conjule 

www.conjul

e.de 

Germany 2017 N/A 

Greeneum 

www.green

eum.net 

Israel 2016 Ethereum 

Utility Scale Electron 

www.electro

n.org.uk 

UK 2015 Ethereum/I

PFS 

Drift 

www.joindrif

t.com 

US 2011 Ethereum 

TenneT/IB

M/Vandebro

n 

www.tennet

.eu 

Netherlands 2017 Hyperledger 

Fortum 

www.fortum

.com 

Finland 2016 N/A 

CGI & 

Eneco 

www.eneco.

nl 

Netherlands 2017 Tendermint 

Cryptocurre

ncy 

Spectral 

Energy 

Netherlands 2017 MutliChain 
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www.spectr

al.energy 

ElectriCCha

in/ 

SolarChang

e/ SolarCoin 

 

www.electic

chain.org 

Andorra 2016 Multichain 

NRG Coin 

www.nrgcoi

n.org 

Belgium 2015 Ethereum 

Verdium 

www.veridiu

m.io 

HongKong 2017 Ethereum 

ImpactPPA 

www.impact

ppa.com 

US 2017 Ethereum 

Energi 

Token/ 

Energi Mine 

www.energi

token.com 

UK 2017 Ethereum 

EcoCoin 

www.ecocoi

n.com 

Netherlands 2016 Hyperledger 

Farad 

www.faad.e

nergy 

UAE 2017 Ethereum 
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Platform Energy Web 

Foundation 

www.energ

yweb.org 

Switzerland 2017 Ethereum 

modification 

Grid 

Singularity 

www.gridsin

gularity.com 

Austria 2016 Own 

Slock.it 

www.slock.i

t 

Germany 2015 Ethereum 

Energy 

Blockchain 

Labs 

www.energ

y-

blockchain.

com 

China 2016 Hyperledger 

BTL Group 

www.btl.co 

Canada & 

UK 

2015 Own 

(interbit) 

DAISEE 

www.daisee

.org 

France 2016 Ethereum 

EnLedger 

www.enledg

er.io 

US 2016 Own 

Prosume 

www.prosu

me.io 

Switzerland 2016 Own 
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DAO IPCI 

www.ipic.io 

Russia 2016 Own 

Alastria 

www.alastri

a.io 

Spain 2017 Own 

StromDAO 

www.storm

dao.de 

Germany 2017 Fury 

Network 

Electric 

Vehicle 

Oxygen 

Initiative 

www.oxyge

ninitiative.c

om 

US 2014 Ethereum 

Share & 

Charge 

www.share

andcharge.

com 

Germany 2016 Ethereum 

Car eWallet 

www.car-

ewallet.zf.c

om 

Germany 2017 Hyperledger 

Everty 

www.evrty.c

om.au 

Australia 2016 Ethereum 

Others The Sun 

Exchange 

www.thesun

exchange.c

South Africa 2015 N/A 
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om 

Bankymoon 

www.banky

moon.co.za 

South Africa 2014 N/A 

Freeelio 

www.freeel.i

o 

Germany 2016 Tobalaba 

M-PAYG 

www.mpayg

.com 

Denmark 2013 N/A 

Poseidon 

www.poseid

on.eco 

Switzerland 2017 stellar.org 

Clearwatts 

www.clearw

atts.com 

Netherlands 2017 BigchainDB 

WaveX 

www.wavex

.com 

SaudiArabia 2016 ArabianCha

in 

4New 

www.4new.

co.uk 

UK 2017 N/A 

Solar Dao 

www.solard

ao.me 

Israel 2017 Ethereum 

CarbonX 

www.carbo

nx.ca 

Canada 2017 Ethereum 
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DNV GL/ 

Deloitte 

www.dnvgl-

com 

UK 2017(1864) Own 

MyBit 

www.mybit.i

o 

Switzerland 2017 Ethereum 

BCDC 

(Blockchain 

Developme

nt 

Company) 

www.bcdc.o

nline 

Scotland 2017 Ethereum 

 

 

Table 2. Data collection of Energy companies working with blockchain 

[21],[22],[31] 

From above mentioned data it can be seen that theories presented in 

chapter 2 are realized and put into practice. (P2P) energy trade is practically 

viable and blockchain technology can provide many other solutions in 

today’s energy market on top of (P2P) trade. In order to see the solutions 

provided by blockchain technology. Collected data is described below. 

 It has been seen that most of the companies work with (P2P) trading, about 

half of the companies use Ethereum platform, and also most of the 

companies started to operate after 2016. Application of blockchain 

technology by different companies is described under their respective 

categories. 

Peer-to-Peer Trade:  

It is hard to find out the actual number of companies working with blockchain 

technology in the energy sector, as there are numerous companies coming 
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to surface every single month. However, looking into the available studies 

conducted on this topic and also from official company websites, their 

business model, target markets and value creation can be found out. 

Most companies offer to provide more than one service, but some areas are 

occupied by all companies, mostly blockchain technology is used in 

distribution, track and trade of energy and track and issuance of renewable 

energy certificates. which is in accordance with [5][12][17][24] etc. With the 

help of blockchain, (P2P) companies deal with local exchanges, deal with 

wholesale energy markets, which in effect can result in lowering of grid and 

balancing costs which is in accordance with [31]. 

How these companies operate can be seen by providing specific examples. 

Greeneum is a (P2P) energy company, it has built a platform for green 

energy producers and consumers so that energy can be traded by peers, 

based upon blockchain and artificial intelligence, company keeps the ledger. 

The company also incentivize green energy through certificates and carbon 

credits. Likewise, “Wepower” provides a (P2P) energy platform, it  estimates 

supply and demand  and also finances new green energy projects. 

Another company named “Dajie” uses (IOT) hardware installed at green 

energy production sites, this company provides 1 energy coin for every 

kilowatt hour (KWH). these coins can be used to redeem carbon credits. 

“Toomuch.energy” is dealing with corporate (P2P) trade. a company named 

“Energy bazar” is trying to facilitate rural communities in india, and is trying 

to bridge the prosumers, consumers, microgrids and distribution 

companies. 

Utility Scale: 

There are also companies that work at utility scale and are trying to apply 

blockchain technology for their benefit. As the application of blockchain 

technology will bring effectiveness and trust for the customers which is in 

accordance with [4] [14], other examples are given as follows, 

1) Electron: is a big energy utility company that is applying blockchain 

technology at various platforms i.e. meter registration, flexible trading 

platform for prosumers and consumers, community electricity trading 

etc Drift: Drift provides cheap energy solution for the consumers, by 
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doing high frequency energy trade at different platforms. it uses 

combination of blockchain, machine learning and artificial 

intelligence and is able to lower the energy prices by 10 to 20 percent 

for its customers. 

2) Fortum: Provides weather forecasts and energy prices to its 

customers for their optimum usage of energy for heating. it also plans 

to enter electric vehicle charging market. 

Two companies named CGI and Eneco are experimenting to use blockchain 

for the administration of decentralized heat trading. 

Cryptocurrencies: 

There are companies that keep track of renewable energy generation and 

consumption with the help of blockchain, this green energy production and 

consumption is rewarded in the form of crypto currencies. The companies 

mostly use their own cryptocurrency and then later trade that currency over 

the trading market for cash, “NRGcoins”, “ImpactPPA” and “Farad” are 

examples. However, the concept of cryptocurrencies is still not widely 

accepted, and also have question marks on its legality therefore it is not in 

accordance with [14] 

There are also other companies that provide platform for the trade of natural 

capitals and Ecosmart commodities, an example is “veridium”. that is selling 

first natural capital asset called TGR, it is a token, which delivers compound 

natural and social returns. 

Platform:  

For the application of blockchain technology, a blockchain platform is 

needed. Most companies “more than 50%” uses ethereum platform for this 

purpose. 

however, there are companies that work only with the development of 

blockchain platform for the application in energy markets. 

an example is “The energy web foundation” that is working on a blockchain 

platform which can be used by a variety of energy stakeholders. The 
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platform is aimed to operate commercially by mid-2019. It means that 

technology is not matured yet. same goes with the following example. 

Grid Singularity works on the creation of a permissioned decentralized 

energy platform that can be used by energy stakeholders, and can be used 

for various purposes i.e. grid balancing, investment facilities, certificate 

trading, energy trading, gird management agent etc. 

Slock.it is a German company that aims to transform the sharing economy 

including energy sharing, it will provide a platform based upon blockchain 

that would create an open source universal sharing network, where people 

and companies can trade their unused resources. it has also developed an 

app called “share and charge” for electric vehicle charging. 

Electric Vehicles: 

Electric vehicles are one area where blockchain technology is actively used. 

The company “share and charge” allow people to share their charging 

stations, parking spots and also their electric vehicles, the entire payment 

system is built on blockchain, until 2017 in Germany alone “share and 

charge” has 1224 charging stations. 

Car eWallet: In this business concept electric vehicle acts as an 

autonomous financial entity providing payment solutions for parking, 

charging, toll tax, it also enables car sharing and car rental, also shows 

ownership, maintenance and mileage history of the car. 

Everty: Is a company that operates in australia, with this blockchain based 

App, consumers and prosumers can share their car charging stations. 

Others:  

There are also other companies operating in the field but cannot be 

generally categorized. examples are given below, 

 

Blockchain Development Company: 

This company uses blockchain technology to keep track of recycling 

products and have launched “RecycleToCoin” to incentivize recycling.  
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Besides it also operates “EcoChain” which is an investment platform to 

connect investors with renewable energy around the world. 

 

 

Clearwatts: 

It uses data collected through blockchain to facilitate agreements between 

counterparties in the energy industry, first agreement is going to take place 

between a wind farm and its offtaker. 

From the above-mentioned data, it can be seen that a number of blockchain 

projects have started working in the energy industry. Main useability of 

blockchain technology is the collection of reliable and secure data that can 

be used in a number of ways as described above.  

In the energy industry and related fields i.e recycling and climate mitigation, 

there are some areas that need blockchain technology more than the 

others. 

i.e trustworthy data “provided by blockchain” can help expand carbon credit 

markets. until now an appropriate solution has not been found to verify the 

green energy produced or used by an entity. with blockchain technology 

attached to renewable energy production, non-alterable data is generated 

that can be used to claim carbon credits. 

likewise, trustworthy data encourages energy prosumers to produce more 

renewable electricity to sell to consumers, hence in effect meet the energy 

demand renewably at a local scale. 

at utility scale reliable and efficient data can help solve energy supply and 

demand problem which can eventually bring the energy prices down. 

however, it has also been seen from the collected data that different 

companies work with their own business models which are different from 

each other. Some companies use their own virtual currencies and tokens 

as a form of payment i.e NRGcoins, ImpactPPA and Farad etc. This 

business model is new and legal future of these virtual payment methods is 

uncertain. 

it may take a while before a standardization is reached or a successful 

business model emerges. 
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5 Conclusions 
From the study undertaken, author is of the view that blockchain technology 

has the potential to solve some key problems associated with the modern 

“distributed” energy systems. 

Due to blockchain technology unalterable data generation is possible and is 

practically demonstrated. This secure/reliable data in the form of a smart 

contract, (P2P) transaction, Clean energy certificates, utility bills in the 

absence of a distribution network can bring a factor of trust among 

prosumers and consumers. This trust factor is considered as single most 

important factor by the researchers of “sharing economy”. This data can be 

used to resolve disputes, if any arises, among energy producers and 

consumers, can help to resolve claims for renewable energy generation, 

can produce reliable information about energy production and consumption 

that can help make efficient future energy strategies.  

These utilities can help the world green energy transformation go faster. 

However, the technology and its application in the energy sector is still very 

new and despite a huge number of blockchain project underway, the 

practice is far from standardization i.e. different companies use their own 

methods of payment for electricity purchase from prosumers even in the 

form of cryptocurrencies. 

Energy coins or cryptocurrencies also bring an element of insecurity for the 

energy traders, and also have issues with their legality in different countries. 

Therefore, author is of the view that a successful business model based 

upon cryptocurrencies cannot be replicated everywhere. For this purpose, 

either legal boundaries should be changed, or projects should modify the 

payment solutions according to legal framework. 

Technologically main problem associated with blockchain technology is the 

lengthy calculations that it has to do each time, which is both time and 

energy consuming i.e “Proof of work concept”. However, because of the 

huge potential in the technology, a lot of research projects have been 

initiated to workout smaller calculation methods, one such method is “proof 
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of stake” which results in significantly smaller calculations and is yet reliable. 

smaller calculation methods can help solve the only big drawback “lengthy 

and energy consuming calculation” of blockchain technology thus resulting 

in an increase in efficiency and effectiveness. 

As the technology is mainly used in deregulated markets, therefore instead 

of a generalized method, projects have to adopt to the usage of technology 

according to local culture, education about clean energy usage, availability 

of renewable energy resources, number of users willing to takepart in 

energy sharing, economic  and legal restrictions of the locality i.e “payment 

methods used”. 

Outlook:  

As, so far, technology is in the development stage, and no commercially 

successful (P2P) energy trade model is known, therefore it is not known 

whether cost of blockchain computation is less as compared to cost carried 

by a conventional ledger or are there any new problems associated with the 

use of technology, also studies should be carried out to find whether the 

trust of prosumers and consumers is satisfied with the payments in 

cryptocurrencies or a better solution need to found out. 

Perspectives: 

Blockchain technology can provide reliable solutions for energy systems of 

future, especially renewable energy systems and for energy sharing. Thus, 

can help fight climate change and sustainable development provided it 

overcome its technological challenges. 
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