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2. EXECUTIVE SUMMARY 

INTERACT helps the emergence of Energy Communities as one important building block to achieve 

Positive Energy Districts. Based on a.) success-factors from a competence-network of existing 

PED/PEN-approaches, b.) stakeholder needs and motivation, c.) locally availably technology and d.) 

a holistic system architecture the optimal organization and structure of a Local Energy Community 

was designed: the fully integrated renewable energy community (FI-REC). FI-RECs provide 

consumers with reliable, environmentally friendly electricity at the lowest possible cost, based on 

a new market structure in line with the European Commission directives, promoting active 

consumer participation, supporting grid stability, and ensuring data protection and privacy. The 

project is supported by the example and information of two focus regions, a greenfield project in 

Fyllinge, Sweden and the municipality Großschönau, Austria. With FI-RECs the local energy 

communities are embedded into the whole power system in a secure, responsive, and reliable way, 

and connected to the electricity market. The integration into the electrical energy system with a 

minimization of data exchange requirements was realized by using the LINK-based holistic system 

architecture. This architecture unifies all interactions within the power system itself, between the 

network-, generation- and storage operators, consumers and prosumers, and the market, thus 

creating the possibility to harmonize them without compromising data privacy and cyber-security. 

It facilitates all processes which are necessary for a reliable, economic, and environmentally friendly 

operation of smart power systems. The roadmap for the development and implementation of  

FI-RECs and all other project results can be found and downloaded at www.ped-interact.eu.   

http://www.ped-interact.eu/
http://www.ped-interact.eu/
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3. PROJECT PARTNERS 

Organisation Country Principal Investigator E-Mail 

Sonnenplatz Großschönau GmbH Austria Helmut Bruckner h.bruckner@sonnenplatz.at 

TU Wien - Institut für Energie-
systeme und elektrische Antriebe 

Austria Albana Ilo ilo@ea.tuwien.ac.at 

LEEF Technologies s.r.o. 
Czech 
Republic 

Markéta Adamcová marketa.adamcova@leeftech.com 

FH Technikum Wien Austria Andrea Werner andrea.werner@technikum-wien.at 

Tornet Fastighetsutveckling AB Sweden Markus Olofsgård markus.olofsgard@afry.com 

Sonnenplatz Großschönau GmbH 
Sonnenplatz has set itself the goal to broadly disseminate information about 
alternative energy systems, energy efficiency, sustainability, preservation of 
resources, energy efficient building and reconstruction, as well as healthy and comfortable living. To reach 
the above-mentioned targets Sonnenplatz arranges excursions, seminars, and trainings to these topics. 
SONNENWELT, the largest permanent exhibition in Austria explaining the history of using solar energy 
throughout our history attracts over 20.000 visitors yearly and supports Sonnenplatz’s goals.  

Technical University Vienna 
Institute for Energy Systems and Electrical Drives (ESEA) is included in the faculty of Electrical 
Engineering and Information Technology. The department of Electrical Systems is embedded in 
the ESEA. It focuses at Super Grids, characterized by transnational and transcontinental energy networks; 
Universal Grids, characterized by integrative energy systems; and Smart Grids, including architecture design 
and energy automation. 

LEEF Technologies s.r.o. 
LEEF Technologies s.r.o. is a consultancy company specializing in energy and transportation. 
LEEF focuses mainly on feasibility studies, market analyses, and strategy development related to the 
implementation of new technologies and innovative business models. Its activities usually take place at the 
interface between R&D and commercial applications. LEEF has historically worked with many entities active 
mainly in the energy field such as energy producers, distribution, and transmission system operators, or in  
the municipal field in the Czech Republic. 

University of Applied Sciences Technikum Wien 
UAS Technikum Wien has successfully carried out numerous research projects in the fields 
of positive energy districts, smart city trends and regional energy communities as well as 
stationary and mobile storages in the last years. Main expertise is in the assessment and development of 
relevant technologies relating to sustainable buildings and cities. In addition, focal points are sustainability 

assessments, user involvement and usability assessments with a strong focus on end-user and stakeholder 
involvement. 

Tornet Fastighetsutveckling AB 
Tornet builds and manages attractive and environmentally friendly rental apartments in the 
larger cities in Sweden. Tornet’s housing stock consists of properties that they have built 
themselves and they plan to build 800-1000 new rental apartments annually in Sweden's 
growth regions. They have already built 1500 apartments and another 1000 apartments are under design / 
production. Tornet is active in multiple projects towards positive energy districts and are involved in multiple 
research projects within this area.  

mailto:h.bruckner@sonnenplatz.at
mailto:ilo@ea.tuwien.ac.at
mailto:marketa.adamcova@leeftech.com
mailto:andrea.werner@technikum-wien.at
mailto:markus.olofsgard@afry.com
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4. SUMMARY OF THE CONTEXT AND OVERALL OBJECTIVES OF THE PROJECT 

4.1. Initital situation 

The EU promotes low-carbon society, distributed energy resources and management as part of its 

climate change policy and Net-Zero emission strategy. Positive Energy Districts and 

Neighbourhoods should contribute to their realisation by encouraging under others the energy 

communities, ultimately leading to a climate-neutral economy. 

The European Union has defined two types of energy communities: the Renewable Energy 

Community (REC) according to Renewable Energy Directive (EU) 2018/2001 and the Citizen Energy 

Community (CEC) according to Internal Electricity Market Directive (EU) 2019/944. Their definitions 

contain many common themes: The focus is on people, not technology, and overall societal benefit, 

not shareholder profit. Both are based on voluntary participation and aim to promote effective 

control by citizens, local authorities, and small businesses not primarily active in the energy sector. 

A European scheme1 was set up in 2017 to take full advantage of the flexibility of all resources by 

establishing international markets for frequency balancing ancillary services. Since 2019, European 

Commission has given the Directive to organise a competitive electricity market across country 

borders, contributing to the security of supply and sustainability2. At the same time, it underlines 

the need to adapt the Union Market Rules to the new market reality, putting forward the 

Commission's vision for a retail market that better serves energy consumers and linking wholesale 

and retail markets.  

The regulatory framework for Energy Communities defined on the EU level leaves many details of 

the transposition process to the national level (e.g., governance and membership-related 

questions, the definition of physical boundaries of RECs, or questions regarding ownership). It does 

not ensure full integration into the electricity market or power grid, so newly formed agile Energy 

Communities face several significant challenges3. 

Energy communities based on technological components (e.g., energy generation, storage, and 

management) should coordinate with the power grid. They must be reliable and economically 

viable and cannot be established or function without an appropriate governance structure, local 

public engagement, and societal support. 

The INTERACT project proposes Fully Integrated Renewable Energy Communities (FI-REC) 

coordinated with the power grid. They provide consumers with reliable, environmentally friendly 

electricity at the lowest possible cost, based on a new market structure in line with the European 

Commission directives, promoting active consumer participation, supporting grid stability, and 

ensuring data protection and privacy.  

 
1 European Commission, 2017, Commission Regulation (EU) 2017/2195 of 23.11.2017 establishing a guideline on 
electricity balancing. 
2 European Commission, 2022, Electricity market design, available online: Electricity market design (europa.eu) (last 
accessed 6.12.2022) 
3 Oberthür, S., Söebech, Ó., Soria Rodriguez, C., Iozzelli, L., & Moreno, J. E. (2022). Advancing the Energy Transition: The 
European Legal Framework for the Implementation of Energy Communities. (Energy Research and Social Science). 
Brussels School of Governance, Vrije Universiteit Brussel. https://brussels-school.be/publications/other-
publications/advancing-energy-transition-european-legal-framework-implementation (last accessed 9.1.2023) 

https://energy.ec.europa.eu/topics/markets-and-consumers/market-legislation/electricity-market-design_en
https://brussels-school.be/publications/other-publications/advancing-energy-transition-european-legal-framework-implementation
https://brussels-school.be/publications/other-publications/advancing-energy-transition-european-legal-framework-implementation
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4.2. Need for this project 

The newly formed energy communities are still in their infancy; legislation is very general, market 

structures do not encourage them, and there is a lack of technical solutions and coordination with 

the power grid. Furthermore, the development of sustainable and climate-neutral urban areas faces 

many challenges:   

- With the growth of distributed energy resources, the development of local energy initiatives 

and Smart Cities as well as the specific requirements for reliable and sustainable electricity 

supply, TSOs and DSOs face new challenges that require greater coordination between all 

relevant actors. 

- The implementation in large-scale of the projects achievements is almost impossible 

because they are developed uncoordinated. 

- It is almost impossible to adapt laws and regulations because there are no systematic 

approaches to technological, economic, and social solutions. 

The analysis of the current electricity market structure shows that Energy Communities and other 

smaller entities are, at the moment, unable to participate in the market. The latter was structured 

when the electricity system was more unidirectional, and smaller entities only consumed electricity. 

With an increasing number of DERs, and local entities also producing electricity and capable of 

providing further supporting services to the grid, this market structure no longer seems 

appropriate.  

4.3. Answers and solutions INTERACT provides 

The vision of the INTERACT project are viable, Fully Integrated Energy Communities (FI-REC) into 

the technological energy systems such as electricity, heating and cooling, and gas systems 

employing sector coupling, and into the market structure to fully use their potential to enable the 

proactive participation of customers, and support investments. FI-REC are needed to allow all 

players, regardless of size, to participate fairly in the market without compromising the high-

reliability requirements of the power grid.  

Therefore, we propose a different market structure, in line with the physical flows of electricity, 

that supports automated and fair participation of all actors, regardless of their size, in the market 

at different levels. In line with the fractal structure of the power grid itself, also the market structure 

is structured in a fractal way: a national/international market, a regional market, and a local market, 

where each lower level participates in the level above.4 

The INTERACT Energy Community facilitates the local retail market, having a trading volume range 

of some hundred kWh per day. It provides an electricity-trading platform to sell and buy electricity, 

flexibilities, and other services in its area. All community members benefit from directly 

participating in the local retail market by adjusting their consumption according to market signals. 

In return, they benefit from lower electricity prices or other incentives.5 

 
4 see Deliverable 4.3: Market structure and its interfaces with the fully integrated energy community, §5. 
5 ibidem, §4.2.1  

https://www.ped-interact.eu/wp-content/uploads/2022/11/D-4.3-Market-structure-and-its-interfaces-with-the-Energy-Community_vfinal2.pdf
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The holistic LINK architecture allows the FI-REC to be technically coordinated with the power grids, 

thus ensuring high-reliability requirements and resilience. The chain of secondary controls on the 

whole grid and the Customer Plant Management Units at the customer level are the instruments 

for the coordinated technical operation. 

4.4. Project goals and results 

The overall project goal was, based on a competence network of successful PED approaches, to 

enable the focus regions to introduce the first worldwide Local Energy Communities and Sector 

Coupling based in a holistic approach. This should create maximum use of the possibilities available 

in urban areas for effective energy use and the maximum reduction in CO2 production. The 

INTERACT project shall lay the foundation for the demonstration follow-up project, and feeds back 

its results to the PED/PEN competence network. 

The results of the project are summarized in 13 deliverables, listed below in accordance with their 

specific perspective: 

Stakeholders & best practice 

[D2.1] Competence map and showcasing of successful PED projects 

[D2.2] Stakeholder needs evaluation of focus districts 

[D2.3] Key success factors and requirements for INTERACT energy communities 

Technology 

[D3.1] Common inventory methodology for recording current technologies 

[D3.2] Gap analysis including existing technologies/infrastructure and necessary 

replacements/upgrades/additions 

[D3.3] LINK-ICT structure with communication guidelines between the actors within the 

electricity community 

Organization & operation 

[D4.1] Design of the fully integrated energy community organization 

[D4.2] Use Cases for the integration of the existing technologies with the LINK-solution 

[D4.3] Market structure and its interfaces with the fully integrated energy community 

Legal & economics 

[D5.1] Current legal framework and differences between the PED-Call target countries 

[D5.2] Business cases for the INTERACT energy communities 

[D5.3] Required contracting models and economic evaluation of the solution 

Roadmap for implementation  

[D6.1] Roadmap for the implementation of the designed INTERACT Energy Community in general 

and for the specific local perspectives 

  

https://www.ped-interact.eu/wp-content/uploads/2021/11/Deliverable-2.1.pdf
https://www.ped-interact.eu/wp-content/uploads/2022/01/Deliverable-2.2-Stakeholder-Needs-vfinal.pdf
https://www.ped-interact.eu/wp-content/uploads/2022/02/D2.3-Success-factors_v9_20220129_final-version.pdf
https://www.ped-interact.eu/wp-content/uploads/2021/07/D3.1-.pdf
https://www.ped-interact.eu/wp-content/uploads/2022/09/D3.3-LINK-ICT-_2022-08-31-vfinal4.pdf
https://www.ped-interact.eu/wp-content/uploads/2022/09/D3.3-LINK-ICT-_2022-08-31-vfinal4.pdf
https://www.ped-interact.eu/wp-content/uploads/2022/06/D-4.1-Design-of-the-Energy-Community-Organization-according-to-the-LINK-Solution-vfinal.pdf
https://www.ped-interact.eu/wp-content/uploads/2022/07/D-4.2-Use-Cases-for-the-integration-of-the-existing-innovative-technologies-with-the-LINK-solution_vFinal.pdf
https://www.ped-interact.eu/wp-content/uploads/2022/11/D-4.3-Market-structure-and-its-interfaces-with-the-Energy-Community_vfinal2.pdf
https://www.ped-interact.eu/wp-content/uploads/2022/05/D.5.1.-Current-regulatory-framework_20220430_final.pdf
https://www.ped-interact.eu/wp-content/uploads/2022/09/D5_2_Business-cases-for-INTERACT-Energy-Communities-vfinal.pdf
https://www.ped-interact.eu/wp-content/uploads/2023/01/D5_3_Required-contracting-models-and-economic-evaluation-of-the-solution-vfinal.pdf
https://www.ped-interact.eu/wp-content/uploads/2023/01/D6_1_roadmap.pdf
https://www.ped-interact.eu/wp-content/uploads/2023/01/D6_1_roadmap.pdf
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5. WORK PERFORMED AND MAIN RESULTS ACHIEVED  

5.1. Stakeholders and Best Practice 

Among INTERACT initial activities was to establish the state-of-the-art analysis through extensive 

literature survey on international PED approaches and energy community projects, according to 

pre-determined assessment criteria. A competence network was also established through activities 

like personal interviews with project leaders of selected projects, and through collaborations within 

the JPI Urban Europe network, and key challenges and success factors for PED project 

implementations were identified. There has been analysed 58 PED projects in Europe (AT, BE, CZ, 

SE), and 16 PED projects chosen for telephone interviews with key actors.  

The activities involving the identification of the stakeholder groups and their perspectives were 

analysed in the two focus regions of the project in Austria and Sweden. An extensive stakeholder 

mapping process along with the analyses of the interviews conducted with the identified 

stakeholder groups, the potential roles they consider for themselves and other stakeholder groups, 

including conflict lines and shared interests has been documented in the deliverable D2.2.   

There has been conducted 15 interviews in Großschönau: municipality, infrastructure, businesses, 

farmers, associations, citizens, opinion leaders, specialized groups (i.e., KEM, KLAR!) and further  

3 interviews in Fyllinge: municipality, DSO and project developer. 

In the deliverable D2.3, ‘key success factors and requirements for INTERACT energy communities’, 

success criteria based on the analyses conducted were derived and applied to INTERACT energy 

communities (Figure 1).  

 
Figure 1: Key Success Factors and Requirements for establishment of energy communities. 

5.2. Technology 

During the technology- related activities we have analysed the differences between the existing 

energy infrastructure, including the technologies used, and the infrastructure needed to establish 

a command-control-chain based on the holistic system architecture LINK within the two Pilot 

regions in Austria and Sweden.  
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The results were interesting especially for the Austrian site (see examples of modelling in Figure 2 

below). The Austrian pilot site is an existing village of Großschönau with a high number of installed 

rooftop PV, where, due to good background data on the local grid topology and information on the 

individual installed renewables, the detailed impact of PV on the grid could be modelled. 

 

The simulations showed that the PV plants in Großschönau massively relieved the low-voltage grid 

during the PV production period and the relief reached a maximum during the peak production 

period. At this time, the local load is almost supplied by the PV plants. No backflows to the medium 

voltage grid were detected. No significant upper limit violations were induced. The use of grid 

infrastructure, e.g., distribution transformers, has decreased massively. 

Subsequently, further PV development was modelled (placing 5 kW on each roof) in which 

backflows to the distribution network were already occurring. A situation of oversizing of the 

converters was simulated, which contributed to the reduction of backflows - the potential for a 

situation where a future energy community can supply reactive power to the grid in this way when 

needed (consuming inductive power) to eliminate voltage violations was discussed. 

A SINCAL model has been taken as basis to identify necessary upgrades/ replacements, addition to 

infrastructure and measuring devices, based on all the data gathered in the upgrade demo area 

Großschönau, which also served as inputs to the detailed gap analyses documented in the 

deliverable D 3.2. 

In addition to the analysis of the pilot sites, we also worked on the design of an optimal 

communication architecture in line with the LINK solution that would be suitable for interacting 

energy communities within the energy market (see Figure 3) 

Figure 2: Examples of voltage modelling for a pilot site in Austria 
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5.3. Organisation & Operation 

We introduce the term “Fully Integrated Renewable Energy Communities (FI-REC)” to highlight the 

need for harmony between the energy community, the power grid, and the energy market. The 

advantages of the FI-RECs are described in relation to the implementation of the LINK solution to 

establish the harmony with the grid. The vision of Fully Integrated Energy Communities is 

summarized below in Figure 4. 

 
Figure 4: Vision: Fully Integrated Energy Communities (FI-REC) as PED building block 

The key features the Fully Integrated Energy Community shall have: 

✓ Appropriate reactive power control strategy that increases grid capacity, reduces data 

exchange. 

Figure 3: Example visualization of the communication architecture 
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✓ Data protection ensured by design. 

✓ Integrated to power gird to increase grid stability, use flexibility potentials, and support 

emergency recovery. 

✓ Citizen centred approach based on trust, transparency, and fairness. 

✓ Community building and knowledge exchange to strengthen social cohesion and local 

capabilities. 

Currently, Energy Communities cannot participate directly in the market. In INTERACT project a new 

market structure was proposed in-line with the structure of the power grid and holistic LINK- 

architecture (Figure 5) and selected pricing models discussed as alternative to current merit-order 

model. 

 
Figure 5: Proposed new market structure in line with the power grid structure. 

To implement Fully Integrated Energy Communities based on the holistic LINK infrastructure, these 

changes of the energy market structure are suggested: 

- Creation of a local market to optimize the fit of production and demand and strengthen local 

value streams. 

- Same market logic over all levels to ensure reliability and resilience. 

- National, regional, and local market levels with vertical integration. 

- Market Integration that enables the democratization of power industry. 

- New market structure proposed in line with European Directives 
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5.4. Legal & Economics 

Energy communities can offer more services to its members and to its environment the better they 

are integrated into the surrounding systems. The role and functioning of Energy Communities 

within the European energy market will gradually find its main and complementary business cases. 

In INTERACT project we outlined the possible business cases of Energy Communities on their 
transition from basic towards fully integrated operation with the grid and energy market (Figure 6).  

Figure 6: Evolution of Business models for energy communities 

The four operational stages offer the following key functionalities: 

- Basic operation enables to share renewable energy locally produced. 

- Advanced operation with optimized production and demand, using flexibilities locally. 

- Integrated operation enables the automated support of the power grid with balancing 

services, as well as price-driven and emergency-driven demand-response processes. 

- With full integration, all provided services can be handled by the respective market 

structure, and flexible pricing models can be introduced supporting investments into 

additional production facilities for renewable resources. See Figure 7  below for visualization 

of this Business Case. 

Based on the crisis in the European energy sector resulting from the Russian invasion in Ukraine, 

several different economic scenarios have been designed and analysed, and sensitivity analyses 

have been performed to evaluate the viability and feasibility of the defined business cases. The 

results of the analyses highlighted the dependence of the business case profitability on geographical 

location of the energy communities, whether the energy community is a greenfield or an upgrade 

project, and the development of the electricity market in the focus regions.  

The results further showed that the local market establishment would be a profitable solution in 

the upgrade project, but the economic benefit depended highly on the number of prosumers in the 

region, and on the existence of an incentive of grid fee reduction. The highest profitable business 

cases were the ones with a market with a higher volatile market and higher prices.  

With respect to the outcomes of the stakeholder mapping done in Deliverable 2.2., it was stated as 

a clear requirement from the stakeholders of the focus regions, that benefits must be given. At least 

equal or reduced costs are a prerequisite for membership. The detailed information on the analysis, 

results and the specific conclusions can be found in the deliverable D5.3. – Required contracting 

models and economic evaluation of the solution. 



  
 
 

 

 
 

11 

 

After performing economic evaluation of the different business cases the required contractual 

agreements are defined. Five agreements are needed to establish an Energy Community: i) 

founding documents of the EC, ii) grid agreement of the EC, iii) grid agreements of the EC members, 

iv) membership agreements of the EC members, and v) energy supply agreements of either the EC 

members or the EC. To create an organization based on trust and justness, keeping the contractual 

agreements based on distributional fairness and procedural fairness is highly recommended. For 

specific more advanced business cases, further contractual agreements are needed, and ultimately, 

for a full integration of Energy Communities to both the power grid as well as the electricity market, 

changes in the currently market rules are to be made.  

5.5. Roadmap for Implementation 

As mentioned above, the newly formed energy communities are rising within Europe, but legislation 

is still general, market structures do not consider them, and they lack technical coordination with 

the power grid. To solve this, the vision of the INTERACT project is a viable, fully integrated Energy 

Community (FI-REC) integrated into technological energy systems such as electricity, heating, 

cooling, and gas, and into the market structure to fully use their potential to enable the proactive 

participation of customers, and support investments into renewable energy sources and their 

transmission systems.  

FI-RECs build on the EU definition of Renewable Energy Communities but establish and operate 

local market(s) in harmony with the power grids and other existing markets, enabling the active 

energy trading of members regardless of size, with a primary purpose of providing environmental, 

economic, or social community benefits. 

 

                        

     

         

         

         

                           

                

                    

                      

                    

                      

                

                    

              

              

                     

                       

 

 

                               

                                                

                                                         

                             

                 

                       

                 

        

                        

               

    
  

    

  

    
  

                       

           

           

                        

                 

Figure 7: Visualisation of Business Case for Fully Integrated Energy Communities (FI-RECs) 
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A roadmap detailing the step-by-step recommendations on the establishment of the FI-RECs has 

been designed and developed within the activities of the INTERACT project. This roadmap has been 

designed to support administrative bodies in the establishment of the INTERACT energy community 

and it builds on all previous INTERACT deliverables (Figure 8). 

 
Figure 8: Key inputs of working packages (WPs) for final Roadmap 

Furthermore, a concrete road map including three stages based on the phases of implementation 

of FI-RECs in the European context is described in ten steps at different stages (Figure 9):  

- Stage 1, where the initial preparatory and pilot phase is considered, 

- Stage 2, where a set of instructions for implementation at the National level is provided in 

detail for a National Strategy, and finally 

- Stage 3, where a fast promotion phase is also described for the successful promotion of the 

development of FI-RECs.  

All the three steps include set of recommended strategies on a Regulatory, Technological, and 

research and development dimensions, along with recommendations with a perspective of the 

Stakeholders and their Behaviour. 

Figure 9: INTERACT Road map: 10 Key implementation Steps to implement FI-RECs 

A set of local implementation steps is described in detail for each of the two focus districts in the 
deliverable D6.1.: the Swedish greenfield approach and Austrians municipality Großschönau.  
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6. PROGRESS BEYOND THE STATE OF THE ART AND EXPECTED POTENTIAL 
IMPACT 

INTERACT project introduces the Term “Fully Integrated Renewable Energy Community FI-REC”, 

based on the current European definition of Renewable Energy Communities. FI-REC means a legal 

entity: 

a) Which is based on open and voluntary participation. It is autonomous and effectively 

controlled by shareholders or members that are located in the proximity of the renewable 

energy projects, owned and developed by that legal entity. 

b) Where the shareholders or members are natural persons, SMEs, or local authorities, 

including municipalities. 

c) With the primary purpose of providing environmental, economic, or social community 

benefits for its shareholders or members or for the local areas where it operates rather than 

financial profits. 

d) Which establishes and operates local markets in harmony with the grids and other markets 

to enable the active energy trading of the shareholders or members.  

Its fully integrated operation is reached when the FI-REC is connected and embedded into the 

power grid and the electricity market structure. INTERACT proposes a new energy market 

structure, enabling this connection in a standardised and seamless manner based on the holistic 

LINK architecture. The proposed new market structure is derived from the structure of the power 

grid and follows the current technical grid levels: high-voltage grid, medium-voltage grid, and low-

voltage grid. Subsequently, national, regional, and local markets are derived, which are connected 

to each other, see Figure 10. 

Figure 10: Connected national, regional, and local energy markets in accordance with LINK-architecture 

Thanks to this proposed market structure, prices are generated on each level in an iterative way, 

balancing demand-supply on each grid level in connection with the demand and supply of the level 

above. No aggregator is needed, as each market is automatically included in the market on the next 

level as one consolidated participant. This has positive implications on data privacy and information 

security aspects. 
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Thanks to the holistic architecture and the proposed reactive power control strategy, grid capacity 

gets increased and data exchange reduced. Within the standardized control structure, Secondary 

Control Units are set up on different grid parts, including the grid in the customer plants' premises. 

Regardless of where they are electrically connected, all producers and storage are upgraded with 

Primary Control Units.  

The Customer Plant Management Unit (CPMU) is modular, and closed in itself, thus fulfilling the 

data privacy conditions. Unlike the case where specific household devices should be turned on/off 

by network operators and energy suppliers, the CPMU acts as a black box in the new functional 

architecture. Under others, it is responsible realizing the interaction between the LVG and customer 

plants. The network operator interacts with the CP_Grid-Link through the interface, which gives 

information only about their exchange and their needs (Pdes±ΔP, Qdes±ΔQ). No information over the 

household devices currently in operation is accessible from the grid operator or the energy supplier. 

The customer may wish to control the house devices using the Internet of Things (IoT), but this is 

independent of the customer's interaction with the grid. Communication with the grid occurs only 

through secure channels, thus protecting the power delivery systems from cyberattacks. The LV-

Grid-Link sends the negotiated set points Pset_point, Qset_point to the CPMU. At the same time, CPMU 

supervises the real-time exchange with the grid. A powerful CPMU generates the daily and hourly 

P and Q schedules. The latter are fundamental for the Production-Load balance process, one of the 

basic operation processes in power systems, see Figure 11. 

Figure 11: functional / technological architecture: production load balance process 

The LINK-Solution stipulates that each grid operator should primarily use its own reactive devices 

to control the voltage. It is proposed to install DSO-owned inductive devices equipped with local 

X(U)-control for voltage control in LVGs.  
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The volt/var chain control strategy in Low Voltage and Customer Plant levels that includes the setup 

with X(U)-control and Customer Plant Q-Autarky, shows substantial social and technical benefits 

such as: 

- Social benefits:  

✓ Investments for the voltage control in low voltage grid are shifted from customers to the 

DSO.  

✓ Technical developments that disadvantage customers are eliminated.  

✓ Data privacy is guaranteed.  

- Technical benefits:  

✓ All violations of the upper voltage limit are eliminated.  

✓ ICT challenge/threat to cyberattacks is reduced.  

✓ Volt/var management tasks in Low Voltage Grids are simplified.  

✓ Grid losses, DTR loading and uncontrolled Q-exchange between Medium Voltage Grid 

and Low Voltage Grid are reduced.  

✓ Data privacy is guaranteed.  

✓ The power flow in the intersection TSO/DSO is flexibly controlled.  

Technical problems to set up an Energy Community and to increase the number of distributed 

resources are eliminated. 
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7. OUTLOOK 

Actions should be taken at different levels in parallel for the promotion and large-scale 

implementation of FI-REC. In the first stage, preparation and pilot phase at the EU level, standards 

should be defined and refined for technological integration and market structure specification and 

adoption through R&Ds. The standards need to be transposed within national strategies in a second 

stage and afterwards promoted on different levels for the different stakeholders to reach a fast 

rollout within a final third stage.  

 

  
Stage 1: Preparation and 

pilot phase 
Stage 2:  

National strategy 
Stage 3:  

Fast promotion 

 (6 years) (1 - 2 years) (5 years) 

Regulation 

Adapt the current market 
structure to better mirror 
the physical flows of 
electricity and incentivize 
its implementation 

Specify instructions about 
the roles of and within fully 
integrated energy 
community and their 
structures 

Establish local schemes and 
standards for the support 
and facilitation of energy 
community deployment 

Detail standards for 
creation and operation of 
local energy markets and 
detail the market rules for 
integration into the 
adapted market structures 

Guarantee legal framework 
and resources needed for 
the deployment of fully 
integrated Energy 
Communities 

Establish local electricity 
markets to enable energy 
communities to participate 
in the market  

Technology 

Detail the standards for chain controls in power systems 
and customer plants in accordance with the LINK holistic 
architecture (communication and control) including 
replicability, scalability, and data protection by design 

Continues improvement: 
Regular revision of technical 
Norms, further R&D, etc.  

Develop standards for technology providers and 
manufacturer to incorporate features for automated 
operation with controlling units in customer plants 

Facilitate the upgrade to 
automatically integrated 
technology on customer 
level 

Behaviour & 
Stakeholders 

Establish and motivate pilot 
implementations as best 
practices, through 
supporting structures 
(policy, umbrella 
organizations etc.). 

Enable and engage stakeholder participation through clear 
participation models with defined responsibilities, 
supported through local, trusted intermediaries, 
accompanied by participatory processes and capacity 
building at all levels 

Research & 
Development 

Launch fully integrated 
Energy Community pilots in 
suitable locations for proof 
of concepts.  

Disseminate information about results and verified benefits 
to support large scale roll-out 

 


