
  

 

Abstract— This paper gives a definition of collective self-

consumption and introduces the current regulatory framework 

in some European countries. It proposes a review of relevant 

Demand Side Management (DSM) methods applicable to 

improve the collective self-consumption rate. It also introduces 

the concept of blockchain and its possible applications to 

collective self-consumption, with a focus on some current 

experimentations. Current blockchain applications include 

validation of measured data and energy transactions. New 

architectures propose a completely decentralized energy market 

and grid control based on the blockchain technology. However, 

a deeper analysis of the benefit of blockchain is required. The 

legal framework will also play a role on the future deployment 

of these applications. 

I. INTRODUCTION 

Over the last decade, financial incentives like feed-in 
tariffs as well as a costs decrease has led to a large deployment 
of photovoltaic (PV) generators into the electric grid, with a 
worldwide capacity growing from 1.3 to 139 GW between 
2000 and 2014 [1]. PV generators are decentralized generators 
and a large part of the PV capacity has been installed on the 
low and medium voltage grids. For example on the roof of 
residential houses or tertiary buildings. In UK 2017, small PV 
units with a maximum capacity of 4 kW on the low voltage 
grid represented 21% of the total PV capacity [2]. The 
continuous decrease of PV production costs encourage 
consumers to produce their own electricity from PV. Indeed, 
in Germany 2016, the electricity purchase price from the grid 
for average commercial consumers was about 20€ct/kWh, 
meanwhile electricity generated from PV generators was 
between 8 and 12€ct/kWh [3]. Thus, this situation promotes 
PV self-consumption, in which a consumer produces its own 
PV electricity, becoming a prosumer. Self-consumption leads 
to decrease energy costs and to limit the use of the grid [1]. 

Self-consumption can be individual, i.e. for one house or 
building, or collective, between several buildings on a low 
voltage grid. In France, a new framework supports collective 
self-consumption. In both cases, because of the intermittence 
of PV generation, improving the rate of the local production 
consumed on-site requires a Demand-Side Management 
(DSM) system or a storage system [4]. Nowadays, the costs of 
storage systems limit its deployment on a large scale: 
depending on the technology, the energy installation cost for 
Li-ion batteries was around 400$/kWh [5]. The recently 
developed blockchain technology shows interesting 
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characteristics that can be used to improve collective self-
consumption. 

This article is divided as follows. Section II introduces the 
concept of collective self-consumption and its current legal 
framework in Europe. Section III presents the main 
optimization methods used for DSM. Section IV TABLE I. 
analyses the potential of blockchain for collective self-
consumption, and Section V concludes this paper.  

II. DEFINITION OF COLLECTIVE SELF-CONSUMPTION 

A. Physical definition of self-consumption 

Self-consumption refers to the process for a producer to 
consume directly his electricity production. Such a producer is 
called “prosumer”. Prosumers essentially use on-site 
photovoltaic (PV) generator to produce electricity. Fig.1 
shows a standard profile for an individual prosumer [4]. In this 
figure, B represents the PV production that is not locally 
consumed, but sent to the grid, and C is the production locally 
consumed. The self-consumption rate S is defined as the rate 
between the production locally consumed (C) over the total 
production (B+C): 
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Figure 1. Schematic daily consumption (A) and production (B+C) of a building 
with on-site PV. Part (C) represents the absolute self-consumption. The arrows 

show the two main options for increasing self-consumption (load shifting and 

energy storage) [4].  
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The minimum between the instantaneous power 
consumption L(t) and the instantaneous total power production 
P(t) limits the self-consumption rate. We can formally define 
the self-consumption rate ϕsc between t1 and t2 as: 
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The strategy to improve self-consumption is to fit 
electricity generation and production curves. The arrows on 
Fig.1 show the main solutions. 

The first option is to use an energy storage system to adapt 
the production curve to the consumption needs. Typically, in 
winter, with a PV generator and a battery, the energy is stored 
in the middle of the day when the production is higher than the 
demand, and delivered when the consumption increases at 
night. Different technologies exist, including hydrogen fuel 
cell, heat storage in a water tank or batteries. They differ from 
their energy density and from their time characteristics of 
charge and discharge. For batteries, the efficiency is between 
65% and 95%, with an energy cost from 150 to 1 200€/kWh 
depending on the technology. For hydrogen fuel cells, the 
efficiency reaches only 25% for an energy cost about 
500€/kWh [6]. 

The second option is to use load shifting to delay the 
consumption. The goal is to encourage consumers to change 
their usual consumption patterns in order to reduce 
consumption peaks and to consume when electricity 
production is the highest. The Distribution System Operator 
(DSO) can stimulate DSM with financial incentives [7].  

B. Collective self-consumption 

Individual self-consumption has been defined for some 
years and encouraged with financial incentives and cheaper 
costs of PV systems. In 2009, Germany has given a framework 
for individual self-consumption with the German Renewable 
Energy Sources Act (EEG), with specific tariff options for 
self-consumption [8].  

 Collective self-consumption stands for the case where 
several consumers share the same PV production, in the same 
building or in a neighborhood on a low voltage grid. 

In Sweden, collective self-consumption is allowed within 
a building if all the apartments share the same grid 
subscription: the whole building has only one electricity 
contract with the utility and electricity consumption is 
measured internally and added to the rent. Thus, the self-
consumed electricity is directly subtracted from the electricity 
bill. Collective self-consumption where the electricity is 
transported over the grid is not allowed [9]. Some projects of 
collective self-consumption within one building have also 
been developed in Germany and Austria [10].  

France has recently proposed a new legal framework for 
collective self-consumption. It allows several producers and 
consumers to share their PV production downstream a 
medium/low voltage transformer [11]. Thus, in this case 
electricity flows through the distribution grid. Article L315-2 
of the French Energy Code specifies that all participants 
should create a common legal entity that will affect the local 

PV production to the consumers. This entity has to inform the 
DSO of the production allocation among consumers. Thus, the 
DSO keeps a key role, as it is also responsible for measuring 
the electricity production and consumption, as well as the 
installation of the required smart meters.  

The further development of collective self-consumption 
will highly depend on the design of new business models and 
on the pricing system applied to this situation [12]. In addition, 
the legal framework may evolve in the next few years. 
Increasing self-consumption requires, as we mentioned before, 
the installation of an energy storage system or efficient DSM. 
Thus, energy supervision methods are a key tool to improve 
collective self-consumption.  

III. ENERGY SUPERVISION METHODS 

In the case of collective self-consumption, energy 
management methods and DSM methods aim to shift the load 
to optimize the self-consumption rate. The goal is to match the 
consumption curve with the production curve, by delaying 
loads like washing machine, dryer or heating system. They use 
consumption and production data to improve a specific 
criterion (decrease of peak load, decrease of energy costs). 
Thus, DSM methods correspond to control or optimization 
methods, under physical constraints: balance between 
production and consumption, voltage limit of the network, 
charge and discharge limits of storage systems. This section 
proposes a review of the main energy management methods 
mentioned in the literature that are applicable for DSM in the 
case of collective self-consumption.  

A. Architecture of the system 

We can distinguish centralized and decentralized 
architectures for energy management systems. In a centralized 
architecture, a unique supervision system gathers the 
measured data to solve an optimization problem. Then it 
implements the solution by sending instructions to each 
participant.  

In a decentralized architecture, there is no central 
supervision system but each element of the problem tries to 
optimize locally its individual behavior. Decentralized 
methods mainly use multi-agents systems (MAS) in which the 
problem is divided in several agents, acting autonomously and 
independently from each other. This architecture is promising 
for smart-grid applications due to its decentralized 
characteristic, as illustrated on Fig. 2 [13]. It reflects a real 
system where agents are following different goals. Thus, the 
development of MAS in the field of smart-grid is continuously 
growing, and Coelho [14] presents several applications, 
including energy storage management and micro-grid demand 
control.  

B. Optimization methods 

Independently from its architecture, an energy 
management system (EMS) requires an optimization method 
to reach its objective (decrease of energy costs, load 
shifting…). This section presents some interesting methods for 
energy management.  

1) Meta-heuristics 
A large variety of meta-heuristics has been developed 

through the recent years, inspired form diverse physical and 



  

biological processes [15]. They work with a population of 
particles, which corresponds to a sample of possible solutions, 
and improve these solutions after each iteration. The two main 
categories are swarm intelligence algorithms and evolutionist 
algorithms [16].  

a) Particle swarm optimization 

Among swarm intelligence algorithms, PSO (particle 
swarm optimization) is the most common. It simulates the 
behavior of a swarm moves. Each particle tracks its own best 
position pbest and the best group position gbest achieved so 
far. At each iteration, the particle updates its speed vi and its 
position xi: 
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At each iteration, the particles try to find a best position, 
taking into account the position of its neighbors [17]. This kind 
of algorithms shows good performances regarding calculation 
time and is applicable for a large variety of problems [18]. 

In the field of energy management, several studies have 
used PSO for scheduling electric vehicles charge [19]. Authors 
in [20] and [21] use PSO to optimize the energy costs for 
electric vehicles charge, resulting in a decrease of the peak 
power. Gudi [22] introduces a DSM system in a house based 
on a PSO algorithm, resulting in reducing costs by 16.4%. 

b) Genetic algorithms 

Evolutionist algorithms gather several kinds of methods all 
inspired by natural selection. The most common are genetic 
algorithms (GA), which reproduce the process of genetic 
mutations. Starting with a population, at each iteration, new 
elements combining the best characteristics of the initial 
population are created. There is also a chance that mutations 
randomly affect these characteristics. The new elements are 
evaluated and then used to create another generation, until the 
stop criterion is reached [16].  

GA have been widely used for DSM, for example to reduce 
energy costs in a house [23] and to optimize load shifting in an 
area with residential, industrial and commercial buildings [24].  

2) Fuzzy logic 
The concept of fuzzy logic is to take into account the 

uncertainty present in most systems. This uncertainty is 
mathematically defined with membership functions [25] that 
quantifies between 0 and 1 the membership degree with which 
a variable belongs to a domain. It differs to boolean logic 
where a variable can be only true or false. Based on those 
membership functions, the designer of the system builds fuzzy 
rules, which correspond to “If … Then…” propositions. For 
example for a battery, a fuzzy rule could be: “if the state of 
charge is low, then charge the battery”. These rules define how 
the supervision system will take actions on the different 
devices. In energy management systems, fuzzy logic is very 
useful to deal with the uncertainty of renewable sources 
production. It has been used in [26] as a supervision system to 
maximize the availability of storages systems combined with 
a decentralized generator. The results show a decrease of 
storage saturation, resulting in an improvement of the use of 
local renewable production.  

3) Dynamic programming 
Dynamic programming divides the problem to solve into 

several sub-problems that are easier to solve. The solution of 
the global problem is given by combining the solutions of each 
sub-problem [27]. In energy management, dynamic 
programming is particularly used for storage system 
management. Krüger [28] and Maly [29] have developed 
storage management systems to optimize charge scheduling.  

4) Game theory 
Game theory represents an interesting and promising 

application of MAS in energy management. In game theory, 
each participant (called player) defines a strategy in order to 
maximize a specified criterion, profits most of the time. Some 
rules precise the interactions between players and we 
distinguish cooperative games, in which players exchange 
their information to improve their own strategy, and non-
cooperative game [30]. Game theory is an application of MAS 
system in the sense that the players act independently, just like 
agents in MAS. Depending on the rules, the game can reach a 
Nash equilibrium, situation in which not any player has 
interest to change its strategy. Game theory is very promising 
because it defines games through a pricing system, and thus it 
is easily applicable to real micro-grids.  

Scientific literature presents several example of game 
theory based DSM. In [31], a dynamic pricing system is 
introduced in which each consumer tends to reduce his 
electricity costs. The system reaches a Nash equilibrium, 
which corresponds to a decrease of the peak load. [32] 
proposes a non-cooperative game framework for a solar 
micro-grid including consumers, PV producers and a battery 
which reaches a Nash equilibrium. Actually, this situation 
represents what we defined as collective self-consumption. 

C. Application to collective self-consumption 

As mentioned before, improving self-consumption 
requires in particular using DSM. Therefore, all the 
optimization methods previously presented can be applied in 
the specific case of collective self-consumption. Table 1 gives 
a review of some results obtained with these energy 
management methods. However, decentralized architectures 
seem more promising. Indeed, in real micro-grids, consumers 

 
Figure 2. MAS architecture for the smart-grid [28]. 



  

and producers act like autonomous agents with different 
degrees of cooperation. That is why a supervision system 
based on MAS architecture presents a higher potential for real 
case collective self-consumption.  

TABLE I.  REVIEW OF ENERGY MANAGEMENTS METHODS 

Method Article Application Resultsa  

PSO [20] Charge of 500 electric 
vehicles 

Saving up to 
0.4$/vehicle 

PSO [21] Charge of 50.000 

electric vehicles 

Saving up to 

0.18$/vehicle 

PSO [22] DSM for  residential 

house 

16.4% costs 

saving 

GA [23] DSM for residential 
house 

Peak-to-average 
ration decreased 

by 36% 

GA [24] Load shifting in a 
residential area 

Costs reduced by 
5.0% 

Peak-to-average 

ration decreased 

by 18.3% 

Fuzzy logic [26] Storage management 
in a commercial 

building equipped with 

PV generators 

Consumption 
reduced by 31% 

Dynamic 

programming 

[29] Charge scheduling Energy savings 

up to 5% 

Game theory [31] 10 residential houses Daily energy 
cost reduced by 

17% 

a. Results compared to the case without energy management system. 

IV. COLLECTIVE SELF-CONSUMPTION AND BLOCKCHAIN 

The recent development of blockchain comes with some 
promising application in the field of energy and especially for 
collective self-consumption. This section introduces the key 
concepts of blockchain and presents its potential applications.   

A. Blockchain and smart contracts 

Blockchain is the technology behind the Bitcoin 
cryptocurrency. It has become a growing field of research in 
multiple domains due to its promising potential applications. 
A blockchain is a database composed of different blocks that 
register data or transactions. It has three main characteristics. 
First, it is distributed among all the users of the network, which 
means that each user has a copy of the entire database. This 
improves security, as it is necessary to corrupt at least half of 
the users to hack the database. Second, all the users contribute 
to the validation of the new block (set of data) through a 
consensus mechanism. Thus, there is no central authority. 
Third, a blockchain is a highly secured database thanks to the 
use of cryptographic tools, especially public-private keys. 
Each block contains the specific signature (hash) of the 
previous block. Thus, the blocks create a chain, as illustrated 
on Fig. 3 [33]. Modifying current data requires to modify and 
validate again all the pasts validated blocks [34]. However, we 
distinguish public blockchains, in which all users can write and 
validate new blocks, private blockchains, in which a central 
agent gives authorization to some users to validate blocks, and 
consortium blockchains, in which a defined set of nodes 
participate the consensus mechanism [35].  

Within the blockchain can be defined smart contracts. 
They are autonomous programs implemented in the 

blockchain and automatically executed. In practice, smart 
contracts define functions that are instantly triggered when the 
execution conditions are verified. Thus, they can automate 
specific and complex tasks, improving verification and 
execution speed. They are used for example to automatically 
operate a transaction between two users [36]. Smart contracts 
have the same properties than the blockchain: they are 
distributed and transparent, they work without any central 
authority, and they cannot be modified once published in the 
blockchain.  

B. Blockchain applications for collective self-

consumption  

1) Levels of technology 
Due to its characteristics, the blockchain technology shows 

promising potential in different applications for energy 
management and collective self-consumption. They can be 
divided into different levels [37]: 

 In the zero level, applications use the blockchain as a 
transparent ledger to save measured data, and to share 
it between all users. The blockchain saves measured 
production and consumption data or proof of 
transactions between users. In this case, the consensus 
mechanism between users ensures that the data saved 
into the blockchain correspond in reality to the 
measurements. Moreover, users have access almost in 
real time to these data, so they can easily follow their 
consumption [36]. 

 In the level 1, users can exchange tokens or virtual 
coins on the blockchain. For example, virtual coins or 
green certificates can be created to reward PV 
producers or rational consumers, in order to promote 
production from RES, decrease of consumption or 
load shifting.  It is also possible to set up a local energy 
market between producers and consumers using 
virtual currency [37].  

 Level 2 corresponds to the use of smart contracts. 
Depending on the data saved into the blockchain, the 
execution conditions of the smart contracts can 
automatically trigger complex transactions. An 
example of application is the automated billing related 
to the measurement consumption. With smart 
contracts, blockchain can be associated with DSM 
methods. Indeed, smart contracts can define 
optimization algorithms (like the DSM methods 
introduced in Section III), to improve the performance 
of a parameter (self-consumption rate, energy costs, 
energy losses) [37].  

 
Figure 3. Structure of a blockchain  [33]. 



  

 Level 3 corresponds to DAO (decentralized 
autonomous organizations). Such an organization is 
defined by governance rules written in the blockchain 
with smart contracts. Thus, those rules are transparent, 
unchangeable and applied automatically. In this level, 
blockchain is used as a control system for an 
organization [37]. Nowadays, DAO lacks legal 
framework and perspectives to consider its real 
potential towards energy management and collective 
self-consumption. This kind of applications could 
represent for example a complete decentralized 
control of the balance between production and 
consumption for an entire micro-grid.  

2) Real projects 
Some experimentations already implement blockchain 

technology for collective self-consumption. We focus on two 
current projects to analyze the role of blockchain technology.  

a) The Sunchain project 

Sunchain is a French start-up that has developed a 
blockchain project for collective self-consumption in France 
since 2017. With respect to the new legal framework (see 
Section II), several consumers and producers are sharing the 
PV production on the same low voltage network. Sunchain has 
installed a small box set on the smart meter for all the users 
(producers and consumers). This box automatically measures 
the production and consumption data of each user and registers 
them into a consortium blockchain, shared between all the 
users, at intervals of 30 minutes [38]. Then, smart contracts 
deployed in the blockchain automatically run an optimization 
algorithm that finds and executes the best repartition of the PV 
production between all the users. The results are transferred to 
the DSO, in compliance with the legal framework. The DSO 
calculates the energy provided from the grid to the consumers, 
and inform the energy suppliers [39]. Fig. 4 illustrates the 
complete process.  

The blockchain uses the Hyperledger Fabric framework 
developed by Linux. There is no cryptocurrency. This case 
represents a zero level of blockchain: the technology is  used 
only for data validation and transparency purposes. The 
blockchain technology brings some advantages to this case. 
First, all the users have access to the consumption and 
production data and participate to the validation of the blocks. 
They verify that the allocation process is correct. Secondly, the 
transactions database is distributed among all users, thus it is 
more resistant to corruption. Finally, cryptographic tools 
(asymmetric cryptography) ensure the traceability of the data. 

b) The Brooklyn micro-grid 

The Brooklyn micro-grid is a project that aims to develop 
a local energy community using renewable energy sources. 
The project started in 2016 and is supported by LO3 Energy. 
Inside a residential neighborhood, producers and consumers 
share the PV production inside a local electricity market. An 
additional physical grid is built in addition to the traditional 
distribution grid. Thus, the micro-grid can be islanded. 
However, the micro-grid uses the traditional grid operated by 
an independent DSO to balance supply and generation in 
normal operation. Islanding occurs only in critical situations. 

Each user has to install an additional smart meter connected to 
the analogue meter. Fig. 5 gives an overview of the project. 

The users exchange the PV production surplus through a 
local energy market based on a private blockchain. The 
blockchain uses the Ethereum technology with a virtual 
currency called Ether. The smart meters send the consumption 
and production data to the blockchain. Then smart contracts 
automatically define purchase or sell orders for each user for a 
time slot. At the end of this time slot, a new block resuming all 
the transactions is created and added to the blockchain. 
Predefined smart contracts automatically proceed to the 
payment between users with Ether.  The transactions occur 
directly from one user to another, without any central 
authority. They create a real local energy market, in which 
consumers are in direct relation with producers and electricity 
prices are based on the demand and offer [36]. This local 
energy market organizes the allocation of the PV production.  

From a physical point of view, consumers reward 
producers for injecting their PV production into the 
distribution grid, increasing the part of PV production locally 
consumed. The transactions in the blockchain have no 
influence on the physical electricity flow. However, favorable 
market prices encourage local PV producers to share their 
production. Thus, the part of electricity locally consumed 
increases [40]. This project is an illustration of how blockchain 
technology can combine to game theory to improve self-
consumption. 

This application corresponds to the level 1 that we defined, 
with a secured and completely decentralized local energy 
market. In a future development, users will use a smartphone 
application to specify their preferences (e.g. donate 10% of 
their electricity, buy when prices are low…) [41]. This will be 
a direct application of smart contracts and will correspond to 
technology level 2.  

C. Questions about the blockchain technology 

Despite its promising applications, we identify some 
questions at stake regarding the use of blockchain technology 
for collective self-consumption. First, as any other system, 
blockchain presents some vulnerabilities [42]. For example, 
[43] summarizes some possible attacks towards the 
blockchain: a pirate can intercept data and modify it before 
they are saved or he can divide the blockchain in two 
independent blockchains. In an energy market where 
consumption data are saved on a blockchain and virtual 
currency is used, security is absolutely required. Moreover, 

 
Figure 4. Sunchain blockchain process (adapted from [36]).  



  

questions of the electrical consumption due to the blockchain 
computation and of its viability have to be answered. Finally, 
a precise legal framework giving a definition of blockchains 
and smart contracts is required, in order to precise the role and 
the responsibilities of each user. 

D. Further developments 

As we explained before, current applications are at levels 
zero and 1 previously mentioned. The technology globally 
lacks maturity and its possible applications to energy 
management and collective self-consumption are not 
completely identified. However, we point out some 
perspectives for further development. Authors in [44] propose 
a decentralized DSM using the Ethereum blockchain. In this 
architecture, the DSO creates Demand Response (DR) events 
in which the consumers and producers automatically indicate 
their expected consumption and production via smart 
contracts. They also precise their energy flexibility, i.e. their 
ability to modify their consumption or production in real time 
to guarantee the balance between production and 
consumption. In case that production and consumption are not 
balanced, the DSO automatically creates a new DR event and 
financially penalizes users deviating from their announced 
production or consumption with smart contracts. Thus, this 
architecture proposes a DSM based on a blockchain that 
ensures the balance between production and consumption. 
This is a possible further application of the blockchain 
technology to DSM and collective self-consumption that 
participates to grid control. 

Therefore, future blockchain applications in DSM and 
collective self-consumption fields will consist of completely 
decentralized energy management systems, by the mean of 
decentralized markets, participating automatically to grid 
control [45]. However, the legal framework will also play a 
key role and give directions of this development. It will also 
define the relations between prosumers, the grid operator and 
the balance responsible entity.  

V. CONCLUSION 

This paper defines collective self-consumption and 

presents its current legal framework. DSM systems are a key 

tool to improve collective self-consumption. Thus, we have 

analyzed the main promising optimization methods for DSM 

in collective self-consumption. The growing blockchain 

technology brings new possibilities for collective self-

consumption, like consumption and production 

measurements validation, and local energy market 

implementation. Blockchain offers mainly possibilities for a 

secured, automated and decentralized energy management. 

We conclude that the blockchain technology has a high 

potential for micro-grids and collective self-consumption.  

However, further investigations are required to analyze the 

efficiency and viability of blockchain in current collective 

self-consumption experimentations. In case where there is 

naturally a central authority like the DSO, the relevance of 

using a blockchain has to be proved. New architectures of 

decentralized local energy markets and decentralized grid 

control will design new applications of the blockchain for 

improving energy management. In addition, the legal 

framework will play a key role in future developments.  
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