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EXECUTIVE SUMMARY 

 

There is a growing trend that characterizes today’s energy market in the EU: prosumption. An 

increasing number of consumers become actively engaged by self-generating energy from 

renewable sources and/or undertaking services of storage, demand response. As a result, the 

emergence of new actors has been challenging the existing energy landscape, leading to a more 

decentralized energy system with new actors undertaking new roles and old actors adapting to 

the new reality. This study attempts to offer a presentation of the force that prosumers embody in 

a more decentralized system. This means that along with benefits that come with prosumption, 

there are several challenges that need to be managed in an effective way. Especially in the case 

of the European Union, this article points out that prosumers are the rising stars of the EU 

market, directly connected with the goal for a more efficient and green energy market. The 

existing regulations and laws of the European Union and Greece as an example, are presented 

along with actual paradigms of prosumers and their remuneration method. The article concludes 

framing the future of prosumption in the EU though examining several observations-

recommendations on different levels of policy making regarding energy prosumers in the future 

energy market.  
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ACRONYMS AND ABBREVIATIONS 

 

PV  Photovoltaic 

EU European Union 

VPP Virtual power plant 

RES Renewable sources 

SME Small and Medium-Sized Enterprise 

AC Alternating current 

DC Direct current 

P2P Peer-to-peer 

NOBEL Neighborhood Oriented Brokerage 

Electricity and Monitoring System 

TSO Transmission System Operator  

DSO Distribution System Operator 

DSR Demand Side Response 

CHP Combined Heat and Power 

FiTs Feed-in tariffs 

FiPs Feed-in premiums 
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1. INTRODUCTION 
 

The energy sector has been witnessing a new paradigm of bidirectional interaction with its 

stakeholders that leads to a new energy landscape. To be more specific, the role and the behavior 

of consumers have been evolving towards a more active approach, the one of “prosumers”. 

Several factors are of vital importance for facilitating this shift: the fact that energy consumers 

want to cover their energy needs in a more efficient way, meaning that in the energy sector the 

focus has been put on the demand, not on supply.1 Secondly the rise of prosumers has been 

possible due to the fall of the cost of renewable energy technologies e.g. solar panels.2 

Until today, energy consumers have been following a passive stance, meaning that they are just 

the receivers of goods and services from the grid, but they do not contribute in any way to it.  

With the new trend, consumers have started to produce and even store energy. Consumers have 

the option of generating on small scale their own power, for example at homes and businesses. 

Additionally, the on-site storage of energy is now an actual option for consumers. This way they 

can contribute to the energy grid and become a new type of participants in the energy sector. 

Consumers of energy are encouraged not only to reduce energy consumption, but also generate 

and use renewable energy and return the excess the grid. 

This new type of behavior states a new challenge for the traditional energy sector paradigms, all 

of which are based on the division between “consumers” and “producers”. Consequently, the 

boundaries between those two categories are not that distinct anymore, creating new challenges 

for the energy landscape. In this sense, the existing legal and political framework needs to adapt 

to the new energy landscape.  

The main objective of this thesis is the presentation of the transition towards an energy market, 

with its main focus on energy prosumers. With this thesis we will show, through examination of 

energy prosumers’ behavior and characteristics, how the energy system regarding the structure of 

the market, the relations between different stakeholders, and the regulation framework of the 

European Union, is being shaped and changed by prosumption. The latter will be unfolded in 

four parts. In the first part we will touch upon the term of “energy prosumers” through an insight 

into international literature. The goal is to present the most important aspects of this term and the 

typology of prosumers. Later, we will focus on the role of prosumers in a decentralized energy 

sector. What are challenges and opportunities that arise for the energy sector and prosumers? 

This question will be answered in the second part of the first chapter. The transition towards a 

more decentralized energy system with the existing stakeholders and actors being challenged by 

the emergence of prosumers is the focus of the three chapters that follow.  

The European perspective and its role of encouraging the growth of the potential of the new 

energy actor are of vital importance. As a result, in the second part, the legal and financial 

 
1 (Jacobs, 2017) 
2 (European Parliament Think Tank, 2016) 
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framework is put under consideration, along with the different ways of payment of prosumers for 

their contribution to the grid. 

The third part includes three different examples of small-scale producers in Greece using PV 

system. With these examples and the comparative method, we gain a greater insight into the way 

that prosumers can be remunerated for their electricity production.  

Finally, the future perspective of presumption is presented. This part’s focus is the presentation 

of several essential steps that could be considered by the European Union in order to support this 

new trend in the energy sector.  

The Thesis concludes with several remarks upon the matter of analysis.  
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1.1. THE TERM “PROSUMERS” (THEORETICAL BACKGROUND) 
 

The changing environment of the energy system with the introduction of new energy actors, 

prosumers, calls for a deeper understanding through examination of existing literature of what 

prosumers are. The term “prosumer” is relatively new in usage. It describes the new hybrid 

energy consumers-generators, which are energy prosumers.  

Alvin Toffler presented the idea of prosumers, in general, in his book “Third Wave”. He argues 

that the traditional consumers will gradually be replaced by prosumers, which constitute a new 

group of actors that will engage in consumption as well as in production. This means that the line 

between production and consumption will become more blurred as this transition process will be 

taking place. Since then the definition and the usage have broadened, to eventually include the 

energy sector as well. 

When referring to the energy sector, prosumers are consumers that produce, sell, trade, and store 

energy.3 These are the consumers that have started to embrace a more dynamic role in the energy 

sector. In other words, these are electricity producers, and consumers, that own a micro RES 

generating facility, are connected to the grid, and have the right to produce and consume self-

generated electricity and deliver the excess to the grid.4 

In addition to that general concept, the term can be approached from different “angles”. One 

social approach puts focus on energy prosumers in the form of energy communities or virtual 

power plants (VPPs). Another approach gives attention to the technologies that energy 

prosumers have available (such as photovoltaics, wind, geothermal energy etc.) to become 

engaged participants in the energy market.  

 

Picture 1: Consumers as byers and producers of electricity5 

 
3 (Kotilainen & Saari, 2018) 
4 (Haziri, n.d.) 
5 (BEUC, 2016) 
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The approaches are multiple, but at the center of all are two key features: autonomy and 

participation in the market. With more active engagement in the processes that form the energy 

market, prosumers have a more decisive role in their consumption decisions, by controlling the 

amount of energy in need and/or by becoming self-suppliers. Prosumers’ activities expand 

towards the energy market, and include energy storage, demand response, disposal of excessive 

amount of produced energy.  

The above two characteristics are common for the different types of energy prosumers. The 

“effect” of each of the above categories of prosumers on the energy market is different, mostly 

because of the “size” of prosumption. To be more specific, prosumers are categorized as follows: 

• Residential prosumers: consumers that engage in microgeneration in households. The 

most popular means they use are solar PV panels.  

• Commercial prosumers: refers to business establishments that produce energy as a way of 

cost reduction. 

• Industrial prosumers: industrial operators that produce energy to cover to a different 

extent the onsite needs and sell the remaining energy to the grid.6 

All in all, prosumer is an “umbrella term”. This means that the term can be used for different 

actors, from households to energy communities, from small to large scale self-production.7 

But what motivates the transition from traditional consumption to the more modern approach of 

energy prosumption? The first reason is the possibility of autonomy that presumption offers. The 

extent of autonomy can differ, reaching even the point of entirely self-supply. Through self-

production and consumption of the produced energy, the energy actors can exert greater control 

over their consumption patterns, decide upon the energy source for energy production, and not 

just follow a reactive approach towards the energy market. 

Another important incentive is the economical one: the price of energy. Self-generation from 

RES reduces the amount of energy purchased from the energy grid, and in case of surplus, allows 

even profits. Besides giving back to the grid the excess of energy production, consumers have 

the option to provide other services to the grid, such as storage, and gain profit from such 

activities. Additionally, generation response programs give economic incentives for 

participation.  

The introduction of prosumption in the energy sector has been driven by several factors. First, 

the concept of prosumer has been inspirited by the increase and optimization of microgeneration 

technologies using renewable energy sources (wind, sun, biomass etc.), which have become 

more affordable and accessible even for small-scale consumers. Solar power has emerged as one 

of the most affordable sources, with its cost to be reducing over the next decade.8 

 
6 (United Nations Industrial Development Organisation, n.d.) 
7 (Leal-Arcas, Lesniewska, & Proedrou, 2018) 
8 (IRENA, 2012) 
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Other technological aspects include advances in information and communication technologies 

(smart metering, sensors etc.) that provide the necessary tools for consumers to manage their 

energy consumption and costs9 and become more aware and informed over energy related issues.  

Climate change is another factor that should be examined. As the European Union tries to find 

solutions to tackle with climate change, the gradual phasing-out of traditional energy sources 

(such as fossil fuels) that are one of the reasons for climate change is considered prerequisite for 

a cleaner and more sustainable energy future. For this purpose, renewable energy deployment 

comes forward as a straightforward solution for reducing CO2 emissions.10 The combination of 

prosumption and renewable energy creates the possibility for a greater exploitation of RES 

potential in the energy sector of the EU starting from small scale production. Following this 

direction, the European Union has as a priority the creation of energy citizens within the energy 

system by promoting self-generation from small to large scale.  

A common issue that is introduced in the international literature is that the development of these 

new energy actors in the energy landscape creates new challenges and possibilities for the energy 

system and prosumers. What exactly would be the role of consumers-producers in the future 

energy market and how the emergence of energy prosumers will affect the energy system? These 

issues will be discussed in detail in the two chapter that follow.  

 

 

 

 

 

 

 

  

 
9 (Da Silva, Karnouskos, & Ilic, 2012) 
10 (Carbon Market Watch, 2019) 
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1.2. ROLE OF PROSUMERS: CHALLENGES AND OPPORTUNITIES 
 

Energy prosumers have a new role in the energy market, being not only consumers but also 

participating in production activities. The creation of the new energy actor in the energy market 

creates new challenges to the existing complex energy landscape.  

As we have mentioned above, the excess of energy produced by prosumers can be returned to the 

energy grid, contributing to the stabilization of the energy system. Particularly, by providing low 

cost energy during the peak demand periods, peak loads can be managed in a more effective 

way, avoiding unexpected destabilization of the energy market. Furthermore, energy surplus can 

be stored or transmitted further through the grid. Energy market needs of last resort solutions and 

back up capacity, so prosumption is a great way of ensuring the existence of sufficient amount of 

energy.  

The new type of energy actors still needs to rely on the existing “structure” of the energy market. 

For now, it is possible for an energy consumer and producer to cover with its own production 

most of its energy needs (depending of course on energy profile), still will need access to 

conventional forms of energy, which are provided by the grid. Besides, in order to sell the excess 

of energy, prosumers need to use the existing infrastructure, again provided by the grid. As a 

result, the relation between energy prosumers and energy companies becomes more symbiotic, 

still necessary for the successful operation of energy system and market.  

In addition to that, prosumers have the opportunity for an even more deciding role, by becoming 

“negotiators” and stakeholders in the energy market, by promoting their concerns over issues 

related for example to climate change, or societal issues. They do not just observe the changes, 

but they are able to contribute to the transformation of the energy landscape. Especially in the 

case of climate change, the role of prosumers has been recognized as vital for the mitigation of 

climate change.11 They use and produce energy in smarter and more efficient way. The sources 

they use for energy production are the renewables (solar PV panels, wind energy etc.). 

Furthermore, they control the consumption of energy through monitoring systems. New digital 

technologies create the opportunity for better adjustments of their consumption to their needs and 

for better energy prices in the market.  

In the context of the European Union, prosumption is related to energy sustainability that the EU 

aims at. To be more specific, energy sustainability can be achieved by decarbonizing the 

economy, democratizing the access to energy, digitalization, and diversification of supply.12 

Prosumption facilitates decarbonization of the economy, by producing energy from renewable 

sources, that don’t produce environmental pollution as the traditional fossil fuels. Thus, the share 

of renewable sources in the energy mix is increasing, leading to a more diversified energy 

supply.  

 
11 (Kotilainen & Saari, 2018) 
12 (Leal-Arcas, Lesniewska, & Proedrou, 2018) 
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Prosumption is strongly related to energy democracy. It is a concept based on the idea of giving 

more space for public participation in the energy sector. The citizens though producing, 

consuming and storing energy are becoming empowered and break the monopoly of energy 

companies. The energy system is being transformed and redistributed on a more local level, 

where, what is produced is consumed. The use of renewable sources is one of the pillars of this 

transition. The European Union tries to support this change and recognizes the role of citizens as 

active market participants. In fact, for the first time, in the Renewable Energy Directive and the 

Electricity Directive, the European Union defines the “renewable energy communities” and 

“citizens energy communities” and provides framework that facilitates the development of these 

communities as part of its energy governance.13 The European Union clearly gives priority to 

citizens, SMEs and local authorities, not the profit-oriented companies and large industries, and 

wants to ensure that they have equal treatment and access to the energy market.  

The development of energy prosumers has impact on the existing energy landscape, and is 

considered as one of the factors, alongside the expansion of energy from renewable sources and 

the technological- digital transformation, that leads to more decentralized governance in the 

energy sector. The phenomenon of decentralization in the energy market will be analyzed in the 

following chapter.  

 

 

 

 

  

 
13 (Lowitzsch, Hoicka, & van Tulder, 2020) 
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1.3. DECENTRALISATION OF ENERGY SECTOR 
 

The energy market is evolving towards a more decentralized scheme. Decentralization is not a 

new phenomenon for the energy sector. Before the introduction and the development of 

centralized sector, energy was produced on local level. With the introduction of the first power 

plant in 1882, it was possible to supply with electricity locations close to the production site. At 

the same time, local storage was used in order to cover energy demand in distanced areas.14 

Since the 19th century, with the development of larger power plants, the introduction of AC grids 

(that allow transport on longer distances) and the creation of economies of scale, production and 

supply of energy on large scale became possible. This transition was driven by desire for 

improved efficiency in electricity production and increased reliability of supply.15 

The present scheme is based on large scale energy generation in centralized facilities. These 

facilities include fossil-fuel power plants, nuclear power plants, large solar plants or hydro power 

plants and are usually located far from the end-users.16 End-users do not participate actively in 

the energy market; they are just the receivers of the final product. Energy is distributed through a 

network of high voltage power lines that reaches points that are far from the generation unit. This 

scheme suffers from certain problems that regard power generation and the grid, such as the loss 

of heat rejected during the production process, energy loss during transmission, and need for 

high concentration of capital for investments.  

Decentralization is the transition from a highly centralized energy system towards a more 

distributed generation, energy storage and with an active participation of consumers in the 

energy system.17 That means that the local level is getting increased attention. In a decentralized 

energy system, energy is generated by small-scale units, that can be connected to each other 

(distributed generation). Energy is delivered on local level, which means that production is sited 

near the locations where the electricity is used. The existence of network connections between 

different local generation units provides additional advantages, e.g. sharing of surplus. In this 

case, small-scale units generating energy can be households, businesses, and energy 

communities. Consequently, consumers can play a more active role in the energy system.  

The transition described above is depicted on Figure 1 that follows. The development of small-

scale generation is becoming a more feasible option, due to the fact that the set-up cost of certain 

technologies enabling small scale production has been declining and becomes competitive 

towards the “economies” of scale.  

 

 

 
14 (Belmans, D’haeseleer, Driesen, Haeseldonckx, & Pepermans, 2003) 
15 (Kelly, 2003) 
16 (United States Environmental Protection Agency, n.d.) 
17 (Directorate General for Internal Policies: Policy Department A: Economic and Scientific Policy: Industry, 

Research and Energy, 2010) 
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Central Power Generation                                               Distributed Generation 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.3: Types of Power Generation Structure: Central and Distributed18 

 

Except from the structure of the energy system, another aspect of vital importance for the 

decentralization of the energy system is the energy source. The rise of renewable sources (RES) 

gives the means for consumers to become producers of energy on local level. In this case, the so 

called distributed generation concerns energy sources such as photovoltaic panels, small wind 

turbines, biomass generators, and even the combination of those sources into hybrid renewable 

energy systems (that include two or more energy sources in a supplementary way).19 The most 

common source is solar energy generated from photovoltaic (PV) panels, especially due to the 

declining price of silicon photovoltaics.  

The decentralization of the energy system is connected also to the distribution of energy storage. 

The growth of renewable energy, that is variable as source of energy, and the distributed energy 

generation increases the need for advanced and distributed energy storage. Today, several energy 

technologies for energy storage are available. With these technologies it is possible for the 

energy producer to retain an amount of energy and use it for own energy needs in a future time. 

Especially in the case of renewable sources, such as solar or wind power that are intermittent, 

generation of energy varies over time, energy storage is essential for the use of the full potential 

that RES provide.  

 
18 (Jaiswal, Kumar, & Samuel, 2015) 
19 (González, Riba, & Rius, 2015) 
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Besides dealing with the intermittency of RES, energy storage can be used as a response tool for 

rapid fluctuations in energy demand. Energy storage can reduce the need for back-up power 

plants. The production of energy from renewable sources is more unpredictable and less stable 

than that of the conventional sources, so the shortfall between energy demand and supply from 

RES is covered by back-up energy produced from fossil fuels mostly, that are responsible for 

CO2 emissions. Storing energy produced from environmentally friendly sources enables the 

absorption of “surplus renewable energy output” and therefore “reducing the reliance on fossil 

fuel-based backup”.20 In addition to that, it makes the grid more effective21, since it increases its 

flexibility and stability. Another important result of distributed energy storage is the price 

reduction on daily basis. Storage of energy that is distributed helps in reducing peaks in energy 

demand during the day22, balancing supply and demand.  

A distributed energy storage system will give greater attention to small scale storage systems 

used by end-users. The most widely in usage small–scale storage technology is battery storage 

(especially lithium-ion batteries), a technology that is constantly developing. Batteries represent 

an electro-chemical storage method that has the widest application, the best cost-benefit ratio.23 

Distributed generation combined with local energy storage is often termed “distributed 

resources”.24 

Finally, consumers become a more active part of the energy system through demand response 

programs. These are “consumer-centered programs aiming at improving system efficiency and 

achieving the best economic/operational/technical fit between supply and demand by influencing 

the demand side”. 25  Such programs include incentives for consumers to alter consumption 

patterns, considering time and level of consumption. For this purpose, several tools can be used 

such as monitoring programs that provide consumption information, remote control, or the 

dynamic rates of pricing which gives an economic incentive for consumers. For example, there 

are some activities that can be performed on different times during the day (e.g. using dish 

washers or washing machines), in order to balance demand and supply of energy.26 

Demand response program are applicable in both wholesale and retail market. In the case of 

retail market, utilities can either charge higher prices at peak times (dynamic rates of pricing) or 

pay customers for reducing consumption at certain time during the day. On wholesale level, 

customers participate in demand response programs that the administrator offers, for example the 

on-call reduction of energy demand. In this case, consumers are participants in both demand and 

supply side of the energy system, growing into prosumers.27 

 
20 (Kelly, 2003) 
21 (Laporte, 2019) 
22 (Energy Storage World Foum, n.d.) 
23 (InnoEnergy, n.d.) 
24 (Kelly, 2003) 
25 (Parag, 2015) 
26 (Parag, 2015) 
27 (Jacobs, 2017) 
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1.4. ENERGY SYSTEM IMPACTS 
 

The surge in technologies empowers consumers and gives them the opportunity to re-evaluate 

their traditional role as agents in the energy system. This transition is further supported by the 

favorable regulatory framework, as presented in the 2nd chapter. The changing regulations aim at 

increasing the number of prosumers in the EU in the upcoming decades and facilitate the 

integration of the new actors into the grid. As a result, the traditional market design is questioned 

and is likely to undergo changes that will comply with the new regulations and laws, leading to a 

new structure, roles, and relations between the participating agents. Future market will include a 

higher degree of complexity, since it will encompass wider variety of actors, services, roles.  

In this section three potential models of the future structure of the market system will be closely 

examined. A common feature of those models is that they are designed to suit the requirements 

of a decentralized market system, elevating the importance of local markets.28 

 

Prosumers Market Models 

The three models of market design that are under consideration are: 

 

1. Peer-to-peer models 

 

Peer-to-peer (P2P) energy trading model is based on trading energy among prosumers and 

consumers in energy communities. The actors involved in the system are fewer than in the 

traditional model since the community members act as producers and suppliers. Energy is traded 

on local level. In the first place the excess of energy produced by prosumers is sold to other 

neighboring consumers, and later, if possible, is stored in batteries. In the traditional model, the 

excess of energy is transported to the grid, and between sellers and buyers, electricity retailers 

play the role of middle man. In P2P model prosumers consume the energy they produce and sell 

the excess to other members of the energy community. This way prosumers gain profit from the 

additional margin on their sale, since there is no middle man involved. At the same time, 

consumers can choose the source of electricity they want, gaining access to energy from 

renewable sources at better prices.29 Additionally, the transmission loses and costs are reduced.30 

Specifically, the P2P model is composed of prosumers, each one of them comprised loads and 

PV systems. The ability of energy storage with the form of batteries is not compulsory in this 

model. The photovoltaics system of each prosumer is connected to the load and AC system 

 
28 (Parag & Sovacool, 2016) 
29 (Sia partners, 2018) 
30 (Chao, Chaudhari, Gooi, & Paudel, 2018) 
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through a DC/AC converter (PV inverter). In case the prosumer has energy storage system, for 

the connection to the system can be used a DC coupled or an AC coupled topology: battery and 

PV system are connected at the DC or AC side of the PV inverter respectively.  

On the above figure, the different possibilities of prosumers’ connections are depicted. Prosumer 

1 and 2 have batteries, while Prosumer 3 is directly connected to the load and the AC system.31 

Each prosumer has smart meter technology installed, that tracks energy generation, consumption 

and transaction with other consumers or the grid. The data is transmitted to local workstations. 

All the communication is done through the smart meters.  

In this model, another actor involved in the energy trading system will be a P2P Market System 

Operator that assists in energy trading. 

 

Figure 1.4:  Peer-to-peer trading: possibilities of grid structure32 

 

2. Prosumer-to-grid models 

 

Another potential market structure is the one with connection between prosumers and the grid. 

Prosumers can be “organized” around a microgrid that is connected to the main grid or can 

operate separately.  

To be more specific, if there is connection between micro grid and main grid, excess of produced 

energy is sold to the main grid. On the other hand, in case of autonomous micro grid, 

 
31 (Chao, Chaudhari, Gooi, & Paudel, 2018) 
32 (Chao, Chaudhari, Gooi, & Paudel, 2018) 
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optimization is necessary in order to balance local energy production and the ability for energy 

storage.  

There are multiple expressions of this general model. One of these is the involvement of a 

brokerage system.  

Consumers can communicate, through a brokerage agent, information regarding energy needs, to 

large- and small-scale producers. At the same time, by sharing their information on energy 

production, consumption and excess, prosumers help the system to track and adapt to energy 

needs of the network in real time, in order to meet the energy demand with energy production. 

The model is based on cooperative approach between different actors and entities increasing this 

way the energy efficiency. The excess of produced energy is monitored in order to be sold and 

used in other parts of the network (demand side). Essential aspect of this model is the use of 

energy monitoring tools. It is important for prosumers to have insight into their own 

consumption, energy wasting in near real time basis.33 

Example of such a model is the Neighborhood Oriented Brokerage Electricity and Monitoring 

System (NOBEL), a project initiated by the European Union.34 

Another possibility is the introduction of market rules that financially encourage consumers to 

adapt their consumption or production schemes so that production and consumption are in 

balance.  

 

3. Organized prosumer groups 

 

The last potential scheme for energy market organization, which will be presented in the section 

that follows, is the market organized around communities of prosumers. In the first place, 

communities manage their own energy needs, balancing energy demand and supply. The 

structure of community is to serve the interests of its members. All members of energy 

communities are strongly involved in efficient production and use of energy.35 Additionally, 

prosumers organized in energy communities can gain revenue through selling the excess energy 

they produce as community to the grid. This way they act as partners to the grid.  

The above typologies of prosumers energy market organization are depicted on the picture 

above. Prosumers are depicted with dot, while the lines are the transaction relation. 

 
33 (Dimeas, Hatziargyriou, Tomtsi, & Weidlich, 2011) 
34 (Parag & Sovacool, 2016) 
35 (Guia & MacGill, 2017) 
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Picture 1.4: Typology of prosumers market organization36 

The first one presents the model of peer-to-peer design, where all “transactions” are 

interconnected among individual prosumers.  

The second diagram is a representation of structuring the market based on connection between 

prosumers and the grid via microgrids.  

Lastly, prosumers can organize themselves in energy communities (circles) and interact with the 

grid.  

  

 
36 (Parag & Sovacool, 2016) 
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1.5. OLD AND NEW ACTORS IN THE EUROPEAN UNION 
 

The energy market of the European Union, being under transition, is resulting in new 

engagement patterns of actors participating in it. The emergence of new actors, in particular 

prosumers, challenges and shapes the energy landscape. The existing, “old actors” will need to 

adapt to the changing environment.  

EU regulation on the establishment of a fully liberalized energy market, has created separate 

roles for Transmission System Operators and Distribution System Operators.   

Transmission System Operators (TSOs) are designated to secure system stability. Their 

responsibility is to control the operation of the transmission grid. 37  Distribution System 

Operators (DSOs) manage the network, where energy is transmitted from high-voltage 

transmission system to the distribution sites and then to end-consumer.  

An active engagement of the side of demand in the energy market, either as prosumers or with 

demand side response (DSR), revises the role and the way TSOs and DSOs interact. First of all, 

both operators shall encourage and facilitate the dynamic participation of customers in all 

markets (energy, services etc., and at the same time maximize the profit for participating 

consumers. The amount of resources, especially renewable sources, available to the distribution 

system should be increased. 38  What is essential for the above transition is that the role of 

different stakeholders and other entities should be regulated.  

The Paper “Energy Regulation: A Bridge to 2025: Recommendation of the Agency on the 

regulatory response to the future challenges emerging from developments in the internal energy 

market” outlines that importance. To be more specific, Distribution System Operators is the actor 

that is being mostly challenged by the increase of RES and small-scale generation. The new role 

that DSOs are called to play is that of the facilitator: making the penetration and connection to 

existing distribution system of smart grid and smart meter technologies easier and at lower cost. 

In parallel, developing this new aspect of their activities, DSOs shall at the same time ensure the 

modernization of the existing system, its security, increase resilience and management of threats 

that are accompanied by the increased digitalization, for example cyber threats and protection of 

consumers data.  

Better coordination and operational arrangements between TSOs and DSOs are of vital 

importance. As stated in objective 68, “Cooperation between the DSOs and the TSO must be 

effective as the requirement for active network management by DSOs increases as a result of 

greater distributed generation and DSR.” Deeper cooperation means for example greater 

exchange of data (forecasts of demand, network conditions etc.)39 between the two operators.40 

 
37 (Koch, 2015) 
38 (ENTSOE, n.d.) 
39 (ENTSOE, n.d.) 
40 (Agency for the Cooperation of Energy Regulators, 2014) 
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TSOs will need to undertake a more active role and to continue to balance, control and restore 

the energy system, as decentralized energy structure is being developed, with the changing 

nature of electricity production.  

The new energy landscape is linked with the appearance of new energy actors, the prosumers. 

Individuals, households, businesses become active part of the energy system and energy trade 

through self-generation of electricity from renewable sources, energy storage and demand 

response. Consumers are becoming the center of the energy system, taking the responsibility for 

the long scale transition towards a more flexible and green energy system and economy. This 

way they become “energy citizens”, promote the system’s flexibility and efficiency. They 

provide additional sources of energy that help in stabilization of energy supply, especially via 

storage.  

Energy prosumerism can be either individual, as presented above, or collective. Most notable 

example of collective prosumerism is “energy communities”. Energy communities are legal 

entities that are formed from consumers, energy companies, local authorities, small and medium 

scale businesses, and have the ability to function collectively in the energy market, by producing, 

consuming and sharing energy from renewable sources in local, regional level. Energy 

communities are considered as part and driving force of the decentralization of the energy system 

and contribute to social and economic progress not only on regional level but also broader to the 

rest of the community.41 

Picture 1.5.1: Energy communities42 

 
41 (Eunice Energy Group, n.d.) 
42 (Eunice Energy Group, n.d.) 
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The legal framework of the European Union has recognized the role of the energy communities. 

The “Clean Energy for all” Package is the legal framework that sets the basis for including 

energy communities in the energy system. To be more specific, the revised Renewable Energy 

Directive 2018/200143 and the revised Internal Electricity Market Directive 2019/944 mention 

the role and responsibilities of renewable and citizens energy communities. Energy communities 

have as priority affordable energy for their members-stakeholders rather than profit making, 

which characterizes traditional energy companies. It is acknowledged that the European Union 

should not only recognize these entities but also should protect and ensure fair access to the 

energy sector, based on market principles and without distorting competition.44 

Because of the fact that consumers can engage in energy trading in the energy system, there is 

another important actor that should be considered too. Prosumers can either trade electricity 

directly with the energy utilities or with energy aggregators. Energy aggregator is a new type of 

energy service provider, which forms an agreement with a group of consumers in order to 

optimize their operation. They can increase or decrease energy consumption of a group of 

consumers in accordance with energy demand on the grid, so that the consumers are favored by 

better energy prices. This is achieved through real time tracking of consumption and 

transmission system operators’ requirements.45 Additionally, aggregators can sell the excess of 

energy produced by consumers to the grid, on their behalf. Independent aggregators should 

cooperate not only with industrial and commercial actors, but with residential actors too. 

Communication and tracking interface for households and businesses is expanding rapidly, 

providing opportunities for aggregation services.46 

The European Union, within the “Clean Energy for All” Package expresses its intention to ease 

the entry and activity of energy aggregators in the energy system. This is achieved by making 

entering of independent aggregators to the market possible without the need for energy suppliers’ 

consent.  

The access that energy aggregators varies among member states of the European Union, as 

depicted on the above map, with some being under development and even closed for this type of 

service providers.  

 
43 (DIRECTIVE (EU) 2018/2001 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 11 

December 2018 on the promotion of the use of energy from renewable sources , 2018) 
44 (DIRECTIVE (EU) 2019/944 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 5 June 2019 

on common rules for the internal market for electricity and amending Directive 2012/27/EU. , 2019) 
45 (What role does the aggregator paly in balancing the grid?, 2017) 
46 (BUREAU EUROPÉEN DES UNIONS DE CONSOMMATEURS AISBL , 2018) 
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Picture 1.5.2: Aggregators’ access to markets47 

The right of consumers, including prosumers, to engage and sign separate contracts with energy 

supplier and aggregator should be protected, in order to fully support the activation of energy 

citizens in the energy market.  

The concept of “energy citizens” attracts finest attention, becoming a game changer in the future 

structure of the energy system and the relations between different stakeholders. The emergence 

and the blooming of prosumers is being conducted along with the creation of an environment of 

laws and regulations with the purpose of defining prosumption and the promotion of an incentive 

strategy. Consequently, there is a growing need for an in-depth look at the regulatory framework 

of the European Union surrounding this concept. This is the main focus of the section that 

follows. Additionally, the example of Greece and the country’s law regarding self-consumption 

will be presented. 

  

 
47 (BUREAU EUROPÉEN DES UNIONS DE CONSOMMATEURS AISBL , 2018) 
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2. EUROPEAN POLICY  

2.1. EUROPEAN POLICY: CREATION OF ENERGY CITIZENS 

 

Energy systems on global scale are under transition, which is driven and affected by several co-

existing factors. First, the global demand for energy follows and upward trend. In order to avoid 

energy shortages additional sources of energy need to be used. Besides the increased energy 

demand, another important factor is climate change and the need for decarbonizing the energy 

system. The answer for the above challenges is the renewable sources.  

With the development of solar, wind energy, smart grid technologies traditional energy 

consumers also become producers. Self-consumption is among RES policies. This way, the 

traditional paradigm is being challenged and redesigned towards a more flexible energy 

ecosystem.  

Regarding the European Union, the growth of renewable sources and prosumption reflects the 

EU policy of combating climate change and achieving renewable energy targets.  

The European Union has adopted several directive, protocols and international agreements 

aiming at adopting and making the transformation of the energy system smoother. The 

Renewable Energy Directive (2009/28/EC) sets the direction towards promotion energy 

production from renewable sources. According to the 2009 Directive, 20% of total energy needs 

of the EU should be covered by energy from renewable sources by 2020.  

The revised Renewable Energy Directive 2018/2001/EU, part of the “Clean energy for all 

Europeans package”, sees the European Union as the leader globally in renewable energy. The 

new binding target for the EU, in order to meet the commitments agreed under the Paris 

Agreement, is 32% of total energy needs to be met from renewables, by 2030, with the 

possibility of a revision, by 2023.48 In addition, the EU commits to decrease the CO2 emissions 

by 40 by 2030 as part of the plan that EU has in order to combat climate change. 

Attention towards the side of consumers is given in the “Clean Energy for all Europeans 

package”. The winter package, as it is often called, acknowledges more rights in favor of 

prosumers in order to facilitate energy production and storage, and sale of energy. 49  The 

European Union aims at achieving the renewable energy targets partly with the active 

participation of citizens and communities. Consumers’ participation is considered as prerequisite 

in order to transform the existing energy system in a cost-effective way.50 The citizen is at the 

heart of this transition. With consumers undertaking services and activities of producers, 

investing in renewable energy technologies, the energy transition is accelerated and facilitated.   

 
48 (European Commission, 2014) 
49 (European Commission, 2019) 
50 (European Commission, 2018) 
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In a research conducted by CE Delft, the estimated number of households that will be involved 

in renewable energy production, storage and demand response, by 2050, will be around 187 

million (83% of total households in the European Union).51 

That is why the European Union wants to create the conditions that will enable the flourishing of 

prosumption within its member states, where consumers will not only be producers but will 

become “energy citizens”. As its main priorities, the European Union has recognized several 

suggestions on policy and regulatory framework. The goal is to ensure not only the conditions 

that encourage consumers to be a part of the energy system, but also that the incentives for active 

consumers are strong and widespread. Among the priorities are:  

Retail market:  

• Creation of bills which are customer-friendly, clear in giving information on energy 

costs, taxes, etc.  

• Ensuring that the conditions for switching between energy suppliers is easy and free of 

charges (except the charge for early termination of a fixed contract)  

• Developing smart meter technology and providing every consumer with this technology, 

as well as the information on available smart technology. This way, consumers will get 

familiar with controlling their own consumption, managing and decreasing their 

electricity bills. Under Directives 2009/72/EC of the Directive 2009/73/EC of the 

European Parliament and the Council member states have the obligation to facilitate the 

participation of consumers in the energy market, and the adoption of smart metering 

technologies.52 

• Promotion of energy demand management with smart technology 

• Giving incentives to customers to become active participants in the energy system, for 

example the dynamic price of contract with electricity supplying companies.  

• The legislation and regulations vary among the member countries of the European Union, 

which makes it more difficult to safeguard consumers’ equal participation.53 

 

Wholesale market:  

• With the rise of electricity generation from renewable sources, more flexible and 

responsive short-term market is needed.  

• Market prices to reflect real electricity price by removing wholesale price caps.  

• Dispatch rules should prioritize electricity generated from renewable sources.54 

• Better economic incentives and remuneration for demand response and self-generation.55 

 
51 (Blommerde & Kampman, 2016) 
52 (Leal-Arcas, Lesniewska, & Proedrou, 2018) 
53 (European Commission, 2019) 
54 (European Union Emissions Trading Scheme, n.d.) 
55 (European Commission, n.d.) 
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In addition, the law reform that the European Union is performing aims at creating a new energy 

landscape that will ensure more democratic access to energy and will prioritize green economy 

and low carbon energy production. In this context the EU, along with the 2020 and 2030 energy 

targets, has expressed its goal to create an Energy Union. The European Commission underlined 

the key role of consumers in the Energy Union.  

Besides the priorities, as listed above, the European Union, promotes demand response 

programs, which, as mentioned in previous part, gives incentives to end-consumers to alter their 

consumption pattern. Demand response is established in the 2012 Energy Efficiency Directive. 

Member countries of the European Union, with agreement to the directive, need to encourage 

public engagement in demand response, especially small final consumers, and deal with different 

types of barriers to demand response. These barriers include the inability of consumers to react to 

price changes due to non-dynamic pricing contracts (with dynamic pricing contracts the 

consumer gets price signals closer to real-time), or lack of smart metering technologies. These 

two barriers are characterized as implicit. As for, explicit obstacles to demand response are some 

legal barriers, such as exclusion of demand response in certain markets, and logistical, such as 

market requirements.56 

Regarding demand response, for the European Union, to enable consumers to make use of this 

mechanism, regulation that will allocate roles and responsibilities, needs to be adopted by 

member states of the European Union. The progress of each of the EU members is different.  

One of the best examples of successful adoption and spread of smart metering technologies is 

Italy, where the installation of smart metering was mandatory already in 2006. Italy has replaced 

99% of electricity meters with smart meters and has launched strategy in order to use new 

generation of smart meters, 57  where the overall target for the European Union is 80% of 

penetration in electricity market.58 

That difference is associated with the hybrid strategy that the European Union follows. 

Particularly, the European Union sets policy goals on top-down level, but the implementation of 

those and the steps that each country will follow is determined on lower levels.59 

A greater insight into the Greek energy framework is of increased interest. Greece is an example 

of country that has developed separate regulatory framework regarding self-production. The first 

Greek law that defined self-producers as producers who generate power mainly for his own use 

and channels the surplus to the grid was the Law 3468/2006, that was supplemented with the 

Law 4001/2011.60 

The fundaments for the development of photovoltaic stations and self-production were set with 

the Ministerial Decision of 2014 3583Β / 31.12.2014.The maximum power of the PV system was 
 

56 (Leal-Arcas, Lesniewska, & Proedrou, 2018) 
57 (Rahul, 2019) 
58 (European Commission, 2014) 
59 (Leal-Arcas, Lesniewska, & Proedrou, 2018) 
60 (ECRB, 2020) 
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defined at 20kwp or up to 50% of agreed capacity consumption (Article 1).61 Additionally, it was 

decided that the payment method for self-producers will be the energy off-setting (the energy 

consumed and produced via PV system are calculated together on an annual basis (Article 

6.1))62. The offsetting method regarding the greek energy suppliers will be presented with further 

details with actual examples in the 3rd chapter of this thesis. 

The above law was replaced by the Ministerial decisions: 1547Β/5.5.2017 and 759B/5.3.2019. 

With the Law N.4414/2016 the off-setting was expanded in order to include additional 

technologies for self-production besides PV systems (small wind turbines, biomass-biogas-

biofluid stations, small hydroelectric stations, electric heat cogeneration stations.)63 On the above 

table each of these technologies along with deployment requirements are presented. It should be 

noted that the Greek energy market is divided into two “regions: the interconnected system that 

includes the mainland and is connected to the electricity grid, and the island of Crete, and the 

non-interconnected system that includes the rest of the Greek islands. Due to technological and 

technical difficulties in interconnecting islands to the mainland’s electricity grid, and due to high 

capital demand, these areas remain not connected until date. The non-interconnected system is 

powered mostly by local power plants and RES plants. 64  Another step further took the 

Ministerial Decision 759Β/5.3.2019. Specifically, the possibility of installation of storage units 

(for excess of electricity produced to be stored) was introduced.  

 

Table 1: Requirements for self—production according to Greek law65 

TECHNOLOGY REQUIREMENTS 

SOLAR ENERGY 

 

INTERCONNECTED SYSTEM:  

-PV plants <20kW or 50% of the agreed 

capacity consumption. 

-For non-profit legal person this could reach up 

to 100%. 

-Maximum capacity limit: 500kWp 

 

NON-INTERCONNECTED ISLANDS: 

- PV plants <10kW or 50% of the agreed 

capacity consumption 

 
61 (TAXHEAVEN, 2015) 
62 (TAXHEAVEN, 2015) 
63 (Σύνδεσμος Εταιριών Φωτοβολταϊκών , 2020) 
64 (Regulatory Authority for Energy, n.d.) 
65 (RES Legal, n.d.) 
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-For non-profit legal person this could reach up 

to 100%. 

-Maximum capacity limit: 20kWp (50kWp for 

non-profit legal person) 

 

ISLAND OF CRETE: 

-PV plants <20kW or 50% of the agreed 

capacity consumption  

-For non-profit legal person this could reach up 

to 100%. 

-Maximum capacity limit: 100kWp (300kWp 

for non-profit legal person). 

 

WIND ENERGY 
INTERCONNECTED SYSTEM: up to 50 

kW 

BIOGAS Biogas power plants are eligible 

BIOMASS 
Small scale hydro power is eligible 

HYDRO-POWER 
Biomass and CHP is eligible 

 

The regulatory framework is under constant development in order to address issues related to 

prosumption but there is room for development. Another important aspect to focus on is the issue 

of remuneration of prosumers as follows. 
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2.2. PAYMENT OF PROSUMERS 

 

The European Union has not one common policy for all member states regarding the 

methodology of remunerating of prosumers for the electricity they produce. Each member state 

applies different strategy that is formed on national level.  

There are different models in the energy system that can be applied to pay the prosumers for the 

services they provide to the grid and the market. For the remuneration of prosumers it is of vital 

importance to track consumption and production in real-time.66 In this part of the thesis we will 

put under consideration: net-metering and net billing, feed-in tariffs (Fits), feed-in premiums 

(FiPs), competitive auctions and requests for tenders.  

 

Net-metering 

Net metering is a method of offsetting between electricity produced and consumed with the use 

or renewable sources, mostly PV photovoltaics. 67  With net metering, the surplus of energy 

produced by consumers is returned to the grid, which is used as storage, and in exchange for that 

service, that excess of energy is credited to these consumers for future use. This means 

compensation is based on energy scheme. The period (“called the netting period or rolling credit 

time frame”) in which that amount of energy can be consumed varies from an hour to a year. 68 

For example, the excess of electricity can be produced during day and consumed to cover night 

needs. Production and consumption have the same value, there is no difference in price of energy 

at peak and non-peak period. Customers are charged at the end of billing cycle on the basis of net 

usage of kWh, if it is positive.69 

Additional benefits that come from net metering is the significant reduction and even 

nullification of competitive tariff charges and decrease of regulated charges.  

This method of payment will be presented in the next chapter thought three different examples of 

self-producers in Greece In Greece the prosumer is compensated thought offsetting in cleaning 

bills.70 

 

Net-billing 

In this model, electricity production and consumption are monitored and valued separately, 

meaning that customers will be billed for the full retail rate per kWh when using energy directly 

from the grid, and at the same time will get compensation when they feed the grid with excess of 
 

66 (Open, 2019) 
67 (Kiefer, n.d. ) 
68 (Šajn, 2019) 
69 (Šajn, 2019) 
70 (ECRB, 2020) 
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generated electricity. In net-billing the compensation of the credited electricity units produced by 

prosumers is a monetary one. Each unit of energy is sold to the utility company at pre-

determined wholesale prices.71 

 

Feed-in tariffs 

Another alternative method of supporting the development of energy prosumers in the energy 

system is the mechanism of feed-in tariffs (FiTs). This model is widely used in Germany.72 With 

this mechanism prosumers are offered long term purchase agreement for the electricity they sale 

at a fixed price. The payment of these tariffs is made through RES levies that are included and 

increase the price of electricity in the bill. The mechanism of Feed-in tariffs can be considered as 

attractive method not only for the investors (by securing the investment and predictability) but 

also to prosumers, since they can gain huge profit.73 These agreements can last 10 to 25 years 

and are set at an above-the market price.74 The price is subject to the size and the location of the 

project, the technology that is used, the quality of the resource, and can be adjusted in subsequent 

years as the technology used in the project becomes more mature.75 For the electricity that 

prosumers consume from the grid, they are billed with the retail price.  

 

Feed-in premiums  

In the model, the remuneration of electricity produced by prosumers is done by offering long 

term contracts that take into account the same specifications as feed-in tariffs regarding 

technology, location etc. The main difference between those two types of tariffs is that with feed-

in premiums is a bonus that is added to the current market price. The bonus can be fixed, 

meaning that the compensation can be either too low if the market price is low, or too high, if the 

market price is too high, or sliding, closing this way the gap between feed-in tariff and the 

market price.  

 

Competitive auctions 

For the distribution and the level of FiTs and FiPs the system of auctions can be used.  Small-

scale producers bid for compensation of certain amount of electricity. This model, which has 

been used in the past by several countries, is not as effective as FiTs or FiPs regarding the 

transition to a decentralized energy market, and has high administrative costs.76 

 
71 (IRENA, 2017) 
72 (Schneidewindt, 2017) 
73 (Šajn, 2019) 
74 (Šajn, 2019) 
75 (Cory, Couture, & Kreycik, 2010) 
76 (Šajn, 2019) 
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3. PARADIGM 
 

In this section of the thesis an actual example of prosumers with installed PV systems will be 

presented. The example includes three different businesses, with different working hours, 

different consumption and different installed capacities of their PV systems. Each one the 

businesses will be provided with description along with actual readings of their consumption. 

This way we will understand in practice how the retaliation of prosumers works,   

But before we move on further, some remarks regarding the Greek energy market need to be 

made. In particular, the methodology of billing by energy companies in Greece of customers 

with net metering is essential for this matter. 

With the Ministerial Decision ΦΕΚ Β’ 3583/31.12.2014, consumers are entitled to produce 

quantities of energy in order to partially cover their needs for electricity. The system used is the 

energy setoff of the electricity produced by the PV system and the total consumed by the 

prosumers electricity. The setoff is conducted on annual basis.  

The methodology of billing, in case of existing PV system, considers three measurements (kWh): 

1. Absorbed energy: the amount of electricity that has been absorbed from the grid and has been 

consumed by the customer 

2. Produced energy directly from the PV system. It accounts the total of produced electricity, 

regardless of whether it was self-consumed or injected into the grid.  

3. Injected energy: total of electricity generated by the PV system and injected into the energy 

grid.77 

The energy supply charge is calculated from the difference between the Absorbed energy and the 

Injected energy (1-3). In case of positive result, the difference is charged. With zero difference, 

there is no charge for the customer. If the energy that has been injected to the grid surpasses the 

consumed energy, then the excess of energy is credited to the next actual reading as additional 

injected energy.  

 

 

  

 
77 (PPC, n.d.)  
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3.1. 

1st scenario: office with working hours: Monday to Friday, 9 am to 6 pm.  

 

 

Picture 3.1.1: 1st scenario 
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Picture 3.1.2: 1st scenario 
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Picture 3.1.3: 1st scenario 

 

 

Figure 3.1.1: Net metering: measurements  

 

Having distinguished each one of the three measurements (absorbed, injected and produced 

energy), first of all the total actual consumption of the customer can be calculated: 
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Produced Energy – Injected Energy= Self- consumption  

4.938 – 3.727 = 1.211 kWh 

The total actual consumption is given by:  

Self-consumption + Absorbed Energy: 

1.211+ 3.049 = 4.260 kWh 

 

Lastly, the amount of energy that the customer will be billed is (as explained above): 

Absorbed Energy – Injected Energy: 

3049 – 3727 = -678 kWh  

The negative result means: that the consumer produced and returned to the grid more energy than 

he received from the grid and consumed and will be credited for this amount of electricity 

produced in the next actual reading. 

The above calculations are depicted on the above graph. 

 

Figure 3.1.2: Net metering: billing 
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3.2. 

2nd scenario: store of gambling company, with opening hours 10 am to 10 pm 

from Monday to Sunday.  

 

 

Picture 3.2.1: 2nd scenario 
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Picture 3.2.2: 2nd scenario 
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Picture 3.2.3: 2nd scenario 

 

The first observation is that the consumption of the store is much larger than the consumption of 

the office of the previous example. The working hours of the store on a weekly basis are 84 in 

comparison to 45 hours of the office. 

 

 

Figure 3.2.1: Net metering: measurements  

 

Having distinguished each one of the three measurements (absorbed, injected and produced 

energy), first of all the total actual consumption of the customer can be calculated: 
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Produced Energy – Injected Energy= Self- consumption  

17.845 – 6.861= 10.984 kWh 

The total actual consumption is given by:  

Self-consumption + Absorbed Energy: 

10.984 + 23.669 = 34.653 kWh 

 

Lastly, the amount of energy that the customer will be billed is (as explained above): 

Absorbed Energy – Injected Energy: 

23.669 – 6.861 = 16.808 kWh  

The above calculations are depicted on the above graph. 

 

 

Figure 3.2.2: Net metering: billing 

 

In this example, the energy needs exceeded the energy produced directly from the PV system 

installed in the store. In other words, the second customer will be billed for the remainder of 

electricity that he absorbed from the grid.  
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3.3. 

3rdscenario: furniture factory, with working hours 7 am to 3 pm from Monday 

to Friday. 

 

 

Picture 3.3.1: 3rd scenario 
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Picture 3.3.2: 3rd scenario 
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Picture 3.3.3: 3rd scenario 

 

 

 

Figure 3.3.1: Net metering: measurements  

 

As in the previous examples, based on the three measurements we calculate: 
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Produced Energy – Injected Energy= Self-consumption  

54.780 –24.080 = 30.700kWh 

 

Self-consumption + Absorbed Energy = Total actual consumption 

30.700+ 58.960 = 89.660 kWh 

 

Lastly, the amount of energy that the customer will be billed is (as explained above): 

Absorbed Energy – Injected Energy: 

58.960 – 24.080 = 34.880 kWh  

The above calculations are depicted on the above graph. 

 

 

Figure 3.3.2: Net metering: billing 

 

Once more, the amount of produced energy does not cover fully the energy needs of the 

consumer; it covers around 34% of total energy needs. That means that the remaining amount of 

energy need must be covered from the grid, and for this amount of energy the consumer will 

eventually be billed.  

In numbers it is translated in 1.988,77€ of profit in scale of the year.  
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4. FUTURE OF ENERGY SYSTEM AND PROSUMPTION IN THE EU 

 

The energy sector is undergoing a transformation driven by climate, economic and technological 

aspects. The European Union is facing several challenges. First and foremost, while the energy 

consumption and demand are rising, the consequent increase in pollution and the effects of 

climate change call for limiting of the use of conventional energy sources. Another important 

aspect that the European Union aims at is securing an acceptable cost and price of energy for the 

end user, and at the same time protecting economic growth. Finally, the introduction and 

development of new technologies that enable the transition towards new sustainable energy 

system models are becoming more and more available for wider use. The key for this transition 

is the renewable sources, along with smart technologies (storage, monitoring etc.) and 

digitalization. As the International Renewable Energy Agency has stated: “In an era of 

accelerating change, the imperative to limit climate change and achieve sustainable growth is 

strengthening the momentum of the global energy transformation. The rapid decline in 

renewable energy costs, improving energy efficiency, widespread electrification, increasingly 

“smart” technologies, continual technological breakthroughs and well-informed policy making 

all drive this shift, bringing a sustainable energy future within reach”.78 This means that, while 

the side of consumption and demand cannot be drastically changed, despite efforts for more 

energy efficiency, the future of the energy system will be most probably defined by the supply 

side.  

In this new setting the emergence of new actors, prosumers to be specific, has showed the way 

that individuals can claim an active role in the energy system, contributing directly to the energy 

supply. The European Economic and Social Committee has briefly pointed out in its “Opinion of 

the European Economic and Social Committee on ‘Prosumer Energy and Prosumer Power 

Cooperatives: opportunities and challenges in the EU countries” that “general development of 

distributed prosumer energy should form an important and sustainable part of the European 

Union’s energy policy. Such an approach would be beneficial and might even be necessary from 

the point of view of energy security and in light of environmental and social concerns.”79 

But prosumption’s contribution to the energy sector should not be taken for granted. So, what is 

the future of prosumption in the EU? What steps should be taken by the countries in order to 

ensure that the energy market develops into a promising environment for prosumers? 

In the first place, the European Union should focus on creating legal regulation. It is essential to 

point out that the term “prosumers” is not used in newly adopted directives of The European 

Union and is replaced by broader terms such “active consumer” or “renewable self-consumer”. 

“Prosumers” should be legally defined in a broad way to cover a wide spectrum of individuals 

 
78 (IRENA, 2018) 
79 (Opinion of the European Economic and Social Committee on "Prosumer Power Cooperatives: opportunities and 

challenges in the EU countries", 2017) 
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and communities’ forms of self-consumption, and at the same time the definition should be clear 

and specific enough and a set of principles for prosumption. For example, features of prosumers 

that should be specifically determined should at least include: the size and the type of 

installation, regulations over collective vs individual energy generation, ownership of 

installation.  

Besides the lack of a common definition of prosumer, another week spot is the lack of a common 

policy and regulation for energy prosumers among all of EU member states. This means that 

among member states, the legal aspects vary, and in some cases do not support growth of 

prosumers. It is important to create one common prosumer policy so that all EU countries are 

attuned to it, and the European Union will be able to follow one united direction towards 

supporting the growth of self – consumption within the territory of the European Union.  

Additionally, it is essential to secure such an environment for consumers that will enable the rise 

of self-production and self-consumption. This means that, from market perspective, no market 

limitations imposed against prosumers should be allowed. Simultaneously, any support measures 

should not distort competition on the energy market.  The goal is to create partnership relations 

between different stakeholders. When analyzing the changes that the energy market can sustain 

due to the rise of prosumers, it was pointed out that existing players, “old actors” in the market 

will interact differently in the new energy market structure. Energy producers, transmission and 

distribution companies and prosumers should establish such relations so that they could benefit 

to the fullest from the inclusion of prosumers to the equation of the market.  

Besides the legal aspects of facilitating the penetration of prosumers into the market, there are 

some issues essential to dealt with. First of all, financial and other rights of prosumers must be 

protected. Despite undertaking production activities, prosumers’ rights as consumers should 

remain undeniable. Additionally, new rights especially on financial level, established in the EU, 

for example with directives such as Directive (EU) 2018/2001 on the promotion of the use of 

energy from renewable sources, should be promoted.  
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Picture 4: Target period for wide-scale rollout of electricity smart meters (with at least 80% of all 

consumers for each member state)80  

 

In addition, the innovative smart meter technology should be fully supported by all member 

states of European Union. It must be noted that not all countries, such as Bulgaria or Latvia, have 

adopted national laws and strategies for smart metering in accordance with the Third Energy 

Package.81 The spread of installation of smart meter technology across the EU must be done in 

tight partnership with network operators in each country. This means that there is a strong need 

for TSOs and DSOs to support the new market scheme. Smart local networks must be developed 

as part of the existing network infrastructure and services (data management82). The goal is to 

develop a prosumer-oriented energy market.  

 
80 (European Commission, 2019) 
81 (European Commission, 2019) 
82 (European Distribution System Operators for Smart Grids, 2014) 
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Furthermore, the direct financial support with financing smart metering from different sources is 

essential for wider spread and deployment of smart metering technologies. The finance of smart 

metering deployment comes from national authorities that have the obligation, according to the 

Third Energy Package, in the case of electricity, to roll out at least 80% by 2020.83 On the 

Picture 4 there is presented the target period that the above goal is estimated to be completed in 

EU members states, based on the so-far countries’ process. 

Member states of the EU should also consider the different technical aspects behind smart 

metering. With the Directive (EU) 2019/944 on common rules for the internal market for 

electricity (Article 20) the European Union sets the minimum set of functionalities of smart 

meters84, so that member states and consumers get the most out of smart metering technologies. 

Additional parameters that must be considered and addressed include standards and protocols 

that will facilitate the interconnection, risk of single manufacturer and/or technology lock-in, 

data management and security.85 

To conclude, the European Union along with the member states have pursued the growth of 

renewable and sustainable energy market, shifting towards a more decentralized structure of the 

market with prosumption being at the heart of this transition. The development of prosumers as 

the new pillar of the future energy system requires the synergy on national and European level so 

that this attempt will be coordinated and optimized leading to the intended results. 

 

 

 

 

 

 

  

 
83 (European Commission, 2019) 
84 (DIRECTIVE (EU) 2019/944, 2019) 
85 (European Commission, 2019) 
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5. CONCLUSION 

5.1. MAIN FINDINGS 

Prosumers can be considered as the rising stars of the European Union. Their role and impact are 

being gradually recognized on legal documents of the EU and its member countries. Literature 

has shown that the prosumer phenomenon is the main dynamic that leads to a transition of the 

current energy market to a more decentralized energy system where an important role will be 

played by those consumers that will engage actively in production, self-consumption and storage 

activities. Most important factors that created the potential for the development of prosumption 

are environmental concerns especially for the European Union, technological innovation and 

economic incentives. 

On one hand, the rise of prosumers creates opportunities and positive changes. Traditional 

consumers are no longer passive end-users but become more aware “energy citizens” that 

contribute to the change of the energy landscape. On large scale, prosumption supports greener 

energy system and economy, since it is based on renewable sources, promoting the gradual 

abandonment of fossil fuels, which is a priority for the European Union. In addition, an energy 

market with excess of overall electricity produced is an energy market that is more flexible, 

reliable and sustainable, providing that there are mechanisms for handling the excess of 

electricity in a smart way. 

On the other hand, prosumption shakes the existing status quo of the energy market and system. 

The structure of the energy market and system are being not only questioned but also shaped by 

the rise and the penetration of prosumption. The market needs to adapt, becoming more 

decentralized, in order to perform better under the changing environment. This of course means 

that different scenarios are applicable, all of them having one common feature: decentralization. 

The new actors that are prosumers, besides challenging the roles and responsibilities of the old 

actors, who are provoked to adapt to the new landscape, they also alter the network of relations 

between new and old market players. Another challenge comes on regulation level since 

prosumers have not been defined as such. On technical-technological level, parameters such as 

data management and data sharing, operational issues, optimal functionalities of technologies 

used, should be considered so that to achieve the highest possible level of self-generation. All 

these challenges must be taken into consideration by policy makers to safeguard such an 

environment that will promote partnership relations between different stakeholders, including 

prosumers.  
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5.2. CONCLUDING REMARKS AND RECOMMENDATIONS 

Within this paper we included a wide range of research from different studies, giving a broad 

picture of the prosumption landscape in the European Union. These findings add to a growing 

body of literature and support the idea that the future of the EU is strongly attached to 

prosumption. Our research has highlighted several burning issues that should be considered by 

policy makers to fully support the transition towards a more consumer-centered energy system, 

Recommendations:  

• There is great need for the European Union to form a common and inclusive policy and 

strategy for the promotion of prosumption within its member states. The necessity for this 

measure is increasing by the fact that, as for now, the member states follow different, 

even conflicting policies regarding self-production and RES, while the European Union 

wants a more green and sustainable future.  

• The existing legislation does not provide the necessary foundation for the establishment 

and growth of prosumers in the EU. Thus, new legislative framework for the EU should 

be created. Aspects that should be included are technical and technological, economical 

and social.  

• The growth of prosumers should be pursued in a “harmonious” way towards the energy 

market and its existing actors in all member states. At the same time, the existing actors 

shall accept cooperation and undertake new responsibilities for the operation of the future 

energy market.  

This study has gone some way towards enhancing our understating of the phenomenon of 

prosumers. For future research it would be interesting to consider a more technical – economic 

analysis of the potential benefits of the prosumption for the European Union and its member 

states.  
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