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1. Introduction to the document 

In the present document, the system operation and distribution grid codes, and the market rules of some electricity systems in Europe best practices (e.g. 

in the Nordic electricity market) will be identified as well as their future evolution. The European electricity market rules will be evaluated along with the 

ancillary services models. 

With reference to the market rules, the markets will be analysed to identify best practices about how the variable renewable energy participates in the 

day ahead market and intraday markets, the operative of the continuous market and the gate closure periods, the different approaches that could be 

applied for the participation of variable renewable energy distributed generation in the wholesale market, and the information and economic flows that 

would be established among the market operator, the system operator, the aggregator and the non-incumbent market actors (I.e. individual and collective 

prosumers).Also, the role of establishing the functions of the aggregator to integrate a portfolio of prosumers to manage the relationship with the market 

and the system operator will be analysed identifying the activities that would be developed. 

The most promising approaches or solutions for enabling the active participation of variable renewable energy in markets: grid codes, market rules, 

technologic solutions, operative procedures, and effective collaboration of the consumers’ frameworks will be identified and explained. 

2. Grid codes and renewable related regulations in European countries 

Grid codes are technical standards that contain specifications for the connection and operation of generation plants and consumers and ensure the safe 

operation of the power grid. Generation plants based on renewable resources, such as wind, solar, wave, etc., result in variable and intermittent power 

production due to the inherent characteristics of renewable resources. Therefore, large-scale integration of renewable generation is a challenge for the 

smooth operation of the electricity system. To ensure the smooth operation of electricity systems with this type of generation, grid codes address issues 

related to the connection of renewable generation plants, particularly wind power plants, in normal operations and with grid disturbances. These 

requirements are like those established for large conventional power plants. 

Steady state or normal operating conditions, such as voltage and frequency deviations, active and reactive power control, voltage control, power factor 

control and power quality requirements were studied. In addition, fault protection requirements during grid disturbances and active and reactive power 

support during grid faults have been studied. Large-scale integration of renewable energies from the marine environment, such as wind, wave and tidal, is 

planned. Some grid codes (Germany and ENTSO-E) already have special requirements for this type of generation. 

The requirements of each network code (except ENTSO-E) are compared with each other and the main similarities and differences between them are 

discussed. In general, a steady-state voltage deviation of ±10% is allowed in almost all network codes. However, different transmission voltage levels have 

different limits of variation. All grid codes have 50 Hz as nominal frequency and a normal operating range around this frequency. As the frequency deviation 

from the nominal value increases, power plants must change their output and/or disconnect after a certain period. Fault absorption capacity is required in 

all grid codes and the types of faults are clearly defined. Germany, Finland, Italy, and Norway require that a complete short circuit can be crossed at the 

connection point, while the remaining countries require that a voltage drop of 15-20% with varying durations can be crossed. 

With the increased penetration of intermittent power generation from renewable resources, such as wind and solar, grid code requirements have been 

constantly updated to address changes in the power system, and to continue to ensure safe and stable operation. The review and updating of grid codes 

will continue in the future, as there is a plan to increase the share of renewable energy resources and increase interconnections between countries. Several 

efforts have been made to harmonize grid codes in the different EU countries. The most recent is the grid connection requirements for all generators 

drafted by ENTSO-E. It is expected that the ENTSO-E grid code will be adopted by the association's 41 members transmission system operators and will be 

used as a framework as they develop their own grid codes. 

In the following sections, the grid codes and RES regulations from six representative countries are presented. 

2.1 Norway 

Institutional framework 

Norway’s energy policy is formulated by the national parliament, the central government, relevant ministries, and national regulatory agencies as well as 

nationally owned operators. The main actors are the Ministry of Petroleum and Energy, the Norwegian Water Resources and Energy Directorate, and the 

TSO Statnett. 

The Royal Norwegian Ministry of Petroleum and Energy is responsible for energy issues including the petroleum and natural gas production in the North 

Sea. It sees ensuring high value creation through efficient and environment-friendly management of Norway’s energy resources as a primary objective.  

The Norwegian Water Resources and Energy Directorate NVE is the regulator for the country's water resources, the Norwegian electricity and downstream 

gas market. NVE issues regulations on economic and technical reporting, network revenues, market access and network tariffs, non-discriminatory 

behaviour, customer information, metering, settlement and billing as well as the organised physical power exchange (Nord Pool and EPEX SPOT) according 

to the energy act, see below. It also sets regulations on system responsibility and quality of supply. Furthermore, NVE serves as a centre of expertise for 

hydrology, research, and development, and increasing energy efficiency. 

Statnett is the transmission system operator of the Norwegian power system, owning and operating the transmission grid being responsible for maintaining 

the balance between consumption and production. Its responsibilities are regulated by the energy act,  



 
 

 

 
                                        Project funded by European Union’s Horizon 2020 
research and innovation program under the Grant Agreements n 952851 

  Page: 5 

 
  

 

   

 

 

Acts 

▪ Act relating to the generation, conversion, transmission, trading, distribution and use of energy etc. (The Energy Act). (No. 50 of 1990). The act is 

implemented by regulations outlined below. 

▪ Offshore Energy Act 

▪ Electricity Certificate Act, last change here 

▪ Waterfall Rights Act 

▪ Act No. 82 of 24 November 2000 relating to river systems and groundwater (Water Resources Act) 

▪ Act No. 17 of 14 December 1917 relating to regulations of watercourses. 

 

Regulations 

▪ No. 1557 Norwegian regulation of quality of supply (in Norwegian), (in English) amended by No. 1417, in force since 01.01.2014 

This regulation defines general provisions on grid customers and grid companies, on grid  requirements regarding reliability of supply. It includes 

minimum requirements for voltage frequency, supply voltage variations, rapid voltage changes, short and long-term flickering, voltage unbalance 

and harmonic voltages including total harmonic distortion (THD). It assigns rights to NVE to set minimum requirements for other voltage 

disturbances, such as voltage dips, voltage swells, transient overvoltage, interharmonic voltage and main signalling voltage.  

Some specific regulations are: the system operator is asked to keep the voltage frequency is normally kept within 50 Hz ± 2%, grid companies shall 

ensure that steady state voltage variations are within a range of ± 10 % of the nominal voltage measured as a one-minute mean value, rapid voltage 

changes and flicker severity should not exceed prescribed values. 

 

▪ No. 959 Regulations concerning the generation, conversion, transmission, trading, distribution and use of energy etc. (The Energy Act Regulations), 

amended by No. 1154, in force since 01.01.2013.  

The regulation concerns the planning, construction and operation of installations for the generation, conversion, transmission and distribution of 

electrical energy, thermal energy generated in district heating and district cooling plants and likewise to the trade in electrical energy. It describes 

the application procedures and requirements for obtaining a licence for operating electrical installations, trade in electric energy, and district 

heating plants. Concerning trade in electric energy, it defines conditions for export and import of electrical energy, outlines market access and 

tariffs, and touches on metering, settlement and invoicing. 

 

▪ No. 448 on system operation in the power system, amended by No. 1159, in force since 01.01.2013 (Article 28,8 since 01.01.2014). 

The regulation describes responsibility of the system operator and anyone who fully or partly owns or operates grids, power generation facilities 

or organised marketplaces, as well as trading companies and end users. It outlines among others principles for exercising the system responsibility,  

bottlenecks, trading limits, transmission limits, bidding, production planning and output regulation, regulation capacity and power reserves, 

regulation policies for the power market, critical operational situations and operational failures,  involuntary curtailment of demand, planning and 

commissioning of technical installations in the power system, general aspects of voltage regulation and exchange of reactive power,  use of grid 

connection diagram,  coordination of operational shutdowns,  metering and reporting,  earth current compensation, protection and relay planning, 

system protection,  fault analysis and statistics, and the system operator’s duty to disclose information.      

 

▪ No. 1158 on energy studies, in force since 01.01.2013 

▪ No. 1474 on the organization of internal emergency operations, in force since 01.01.2013. 

▪ No. 1157 on regulating protective security and emergency preparedness in energy supply (Emergency Regulation), in force since 01.01.2013. 

The Emergency Preparedness Regulations set clear requirements for all units within the power supply's emergency preparedness organization 

(KBO) to work systematically with measures to prevent and deal with extraordinary incidents that may damage or hinder the energy supply. The 

regulations describe security of supply measures and energy supply preparedness, define vulnerability categories and threats due to increased use 

of ICT, as well as measures in case of stresses caused by storms, floods and landslides. 

 

▪ No. 1470 amending the Regulation on origin guarantee for the production of electric energy (No. 1652), in force since 01.01.2012. 

Implements European Directive 2009/28/EC. In Norway, Statnett has a duty to issue GOs. Norwegian GOs follow the standards set by European 

Energy Certificate System.  

 

▪ No. 1377 on taxation of energy supply tariff to the Energy Fund (Regulation Energy Fund), amended by Order No. 713 amending the Regulation 

Energy Fund, in force since 01.01.2013. 

https://www.regjeringen.no/globalassets/upload/oed/vedlegg/lover-og-reglement/act_no_50_of_29_june_1990.pdf
https://lovdata.no/dokument/NL/lov/2010-06-04-21
https://lovdata.no/dokument/NL/lov/2011-06-24-39
https://lovdata.no/dokument/LTI/lov/2017-06-21-100
https://www.regjeringen.no/globalassets/upload/oed/vedlegg/lover-og-reglement/act_no_16_of_14_december_1917.pdf
https://www.regjeringen.no/globalassets/upload/oed/vedlegg/lover-og-reglement/act_no_82_of_24_november_2000.pdf
https://www.regjeringen.no/globalassets/upload/oed/vedlegg/lover-og-reglement/act_no_17-of_14_december_1917.pdf
https://lovdata.no/forskrift/2004-11-30-1557
https://www.regjeringen.no/globalassets/upload/oed/vedlegg/lover-og-reglement/reg_no_1557_of_30_november_2004.pdf
https://lovdata.no/dokument/LTI/forskrift/2019-10-24-1417
https://www.regjeringen.no/globalassets/upload/oed/vedlegg/lover-og-reglement/reg_no_959_of_7_december_1990.pdf
https://www.regjeringen.no/globalassets/upload/oed/vedlegg/lover-og-reglement/reg_no_448_of_7_may_2002.pdf
https://lovdata.no/dokument/SF/forskrift/2012-12-07-1157?q=1157
https://lovdata.no/dokument/SF/forskrift/2007-12-14-1652
https://www.aib-net.org/eecs
https://www.aib-net.org/eecs
https://lovdata.no/dokument/SF/forskrift/2001-12-10-1377?q=1377
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The regulation sets payment and control of contributions to Energy Fund concessions, which is equivalent to 0.01 NOK for each kWh; the total 

payment due follows by multiplying with the amount of energy supply distributed. The timing of the payments is set. 

 

▪ Reg. No. 1607 of 16 December 2002: Regulations relating to energy planning. 

▪ Reg. No. 1606 of 16 December 2002: Regulations relating to contingency planning in the power supply system. 

▪ Reg. No. 302 of 11 March 1999: Regulations governing financial and technical reporting, income caps for network operations and transmission 

tariffs. 

Grid operations are regulated using a combination of direct regulation (specific requirements and obligations in licences) and incentive-based 

regulation in the form of an income cap. Chapter 8 in particular outlines the periodic determination of initial values and efficiency 

requirements and annual determination of income caps. NVE sets an annual revenue cap for each grid company. The value of the cap should permit 

a grid company to earn revenues that cover the costs of grid operation and depreciation of the grid. At the same time, the cap should allow a 

reasonable return on invested capital if the grid is operated efficiently. 

 

▪ REG. no. 301 of 11 March 1999: Regulations governing metering, settlement and coordinated action in connection with electricity trading and 

invoicing of network services. 

The regulation aims at an efficient settlement of regulating power, exchange of information during a change of provider and transmission of 

settlement data. It obliges grid companies to facilitate an efficient exchange of information during changes of providers, metering and settlement. 

It regulates details on contract issues, metering, reporting of metered values, and invoice information. 

 

▪ Reg. No. 1421 of 17 December 2001: Regulations governing the planning and implementation of requisitioning of power and enforced reductions 

in supply in connection with electricity rationing. 

▪ Reg. No. 945 of 4 December 1987: Regulations relating to the adjustment of licence fees, annual compensation and funds etc., pursuant to water 

resources legislation. 

▪ REG. no. 13 of 11 January 1991: Security provisions for the power supply system 

▪ Reg. No. 1413 on grid regulation and the energy market (NEM) 

Sets the regulatory authority for energy as a separate, independent unit within the Norwegian Water Resources and Energy Directorate (NVE). 

Defines obligations of DSOs and rights of customers. Defines conditions on licenses for sales of electricity. Outlines provisions on market behaviour 

and transparency in the power market. Rules are set for certification by the TSO.   

  

▪ Reg. No. 1414 amending regulations on production, transformation, transfer, sale, distribution and use of energy, etc. (Energy Regulations) 

▪ Reg. No. 1416 amending regulations on system responsibility in the power system 

▪ Reg. No. 1421 on power rationing (power rationing regulations) 

▪ Regulation No. 939 on the provision of hydroelectric power plants 

 

Grids connection codes 

National guidelines for functional requirements in the power system (linked document in Norwegian), active since 01.07.2020 

The general purpose of the Norwegian grid codes is to facilitate an efficient power market, instantaneous balance and a satisfactory delivery quality in the 

power system. In addition, the codes ensure a socially rational exercise of system responsibility, including taking into account public and private interests 

that become touched. Balancing applies in the transmission network, regional networks and further underlying networks. The regulations apply to the 

system administrator (i.e. Statnett) and anyone which wholly or partly owns or operates a network, production or organized marketplace, as well as power 

converters and end users. The regulations of 2020 replace earlier regulations (FIKS2012). The regulations aim to facilitate harmonization, integration and 

efficiency for the European energy market and align with the Requirements for Generators (NC-RfG), Demand Connection Code (NCDCC) and High Voltage 

Direct Current Connections (NC-HVDC) developed by ENTSO-E with guidance from ACER. The guidelines set requirement for grid components (part II), 

consumption details (part III), production facilities (part IV), and HVDC (part V). Part II outlines requirements for power lines and cables systems, such as 

earthing, voltage rise and overloadability.  

Frequency bands: Consumption systems and grid systems connected to grids with a nominal system voltage ≥33 kV must be able to be operated within 

frequency and time intervals. Note, that Norway tolerates very small and very high frequency in addition to the regulations for the Nordic grid. 

https://www.regjeringen.no/globalassets/upload/oed/vedlegg/lover-og-reglement/reg_no_1607_of_16_december_2002.pdf
https://www.regjeringen.no/globalassets/upload/oed/vedlegg/lover-og-reglement/reg_no_1606_of_16_december_2002.pdf
https://www.regjeringen.no/globalassets/upload/oed/vedlegg/lover-og-reglement/reg_no_302_of_11_march_1999.pdf
https://www.regjeringen.no/globalassets/upload/oed/vedlegg/lover-og-reglement/reg_no_302_of_11_march_1999.pdf
https://www.regjeringen.no/globalassets/upload/oed/vedlegg/lover-og-reglement/reg_no_301_of_11_march_1999.pdf
https://www.regjeringen.no/globalassets/upload/oed/vedlegg/lover-og-reglement/reg_no_301_of_11_march_1999.pdf
https://www.regjeringen.no/globalassets/upload/oed/vedlegg/lover-og-reglement/reg_no_1421_of_17_december_2001.pdf
https://www.regjeringen.no/globalassets/upload/oed/vedlegg/lover-og-reglement/reg_no_1421_of_17_december_2001.pdf
https://www.regjeringen.no/globalassets/upload/oed/vedlegg/lover-og-reglement/reg_no_945_of_4_december_1987.pdf
https://www.regjeringen.no/globalassets/upload/oed/vedlegg/lover-og-reglement/reg_no_945_of_4_december_1987.pdf
https://www.regjeringen.no/globalassets/upload/oed/vedlegg/lover-og-reglement/reg_no_13_of_11_january_1991.pdf
https://lovdata.no/dokument/SF/forskrift/2019-10-24-1413
https://www.statnett.no/globalassets/for-aktorer-i-kraftsystemet/systemansvaret/retningslinjer-fos/nvf-2020---nasjonal-veileder-for-funksjonskrav-i-kraftsystemet.pdf
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Voltage limits for grid systems and consumption systems which are connected to the mains with a nominal system voltage ≥ 110 kV are as follows: 

 

The table below identifies the reference voltage in relation to the nominal system voltage for the different grids. 

 

Production facilities are split into synchronous machines and power parks. Furthermore, the following division by power into types is considered: 

A: 0,8 kW ≤ 𝑃𝑚𝑎𝑘𝑠 < 1,5 MW, B: 1,5 MW ≤ 𝑃𝑚𝑎𝑘𝑠 < 10 MW, C: 10 MW ≤ 𝑃𝑚𝑎𝑘𝑠 < 30 MW, D: Pmaks ≥ 30 MW and all connected network with nominal 

voltage 𝑈𝑛 ≥ 110 kV. 

 

2.2 Spain 

ORDER TED/749/2020. Technical Requirements for grid connection. 

▪ This ministerial order (hereinafter OM): “Order TED / 749/2020, of July 16, which establishes the technical requirements for connection to the grid 

necessary for the implementation of the grid connection codes”, is linked to Royal Decree 647 / 2020, of July 7, which regulates aspects necessary 

for the implementation of the connection grid codes of certain electrical installations. The scope of application and definitions is that of the RD. 

▪ The goal of this document TED / 74/2020, hereinafter OM, is to develop the technical requirements that are not fully defined in the regulations: 

(EU) 2016/631 of requirements on generators Annex I of the OM, EU) 2016/1388 of demand systems Annex II of the OM and (EU) 2016/1447 of 

high voltage systems in direct current Annex III of the OM. 

▪ Red Eléctrica de España (Spanish Transportation grid) and AELEC (Spanish Association of Electrical Industry) sent proposals for the definition of 

these technical requirements in May 2018, which have been approved through this ministerial order. 

Most relevant aspects Order TED / 749/2020 (OM) 

▪ The frequency requirements are identical to the Spanish Transport Grid (REE) and Spanish Association of Electrical Industry (AELEC) proposal 

mentioned above except in: 

o Response time (1.3 of OM Annex I). The possibility of agreeing longer response times by agreement with the system operator is included, 

provided it is due to physical limitations of the use. 

o Active power control capacity and range (1.6 of OM Annex I). The times to stop the power output are defined by modifying them for power 

plant modules (in Spanish, “módulos de parque eléctrico”, hereinafter MPE) type B and for electricity generation modules (in Spanish, 

“módulos de generación de electricidad”, hereinafter MGE) types B, C and D. 

o Response time (1.7 of Annex I of OM). The possibility of agreeing longer response times by agreement with the system operator is included, 

provided it is due to physical limitations of the use. 
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▪ The voltage requirements are identical to the Spanish Power Grid (REE) and AELEC proposal mentioned above except in: 

o The disconnection times are included for type D MGEs connected to a radial distribution network with a voltage lower than 110kV. 

o The disconnection times are included for type D MGEs connected to a radial distribution grid with a voltage lower than 110kV. 

o Requirements are included for type B and C synchronous power modules. 

o The fast injection control is applicable for MPE types B, C and D. 

o For the reverse sequence current of wind MPEs with doubly fed generation technology the response is allowed to be the natural of the 

technology. 

o The current injection/ absorption response time is modified from 30 ms to ti+tr≤150ms. 

o The settling time band changes from 5% to +20% and -10%. 

o Requirements are included for MPE types B and C. 

o Requirements for MPE type A transient over voltages are included. 

 

▪ The robustness requirements are identical to the Spanish Power Grid (REE) and AELEC proposal mentioned above except in: 

o It is included that if the residual voltage at the low connection point does not fall below 0.5 p.u. and the primary resource is allowed by the 

MPE, it must reach 95% of the power prior to the disturbance in a time less than 1 second once the voltage reaches or exceeds 0.85 p.u., 

and 100% of the power prior to disturbance in less than 2 additional seconds. 

o The characteristics of disconnection, reconnection out of synchronism and anti-island protection without any damage are included in the 

capacity to withstand angular jumps in MPE connected to the distribution grid. 

o Requirements are included for MPE type B, C or D not connected to the transmission network to function in a stable way against temporary 

surges. 

o Requirements are included for MPE type B, C or D not connected to the transmission grid to function in a stable way against temporary 

surges. 

o The injected DC component limitation for type A is included, which must be less than 0.5% of the nominal current. 

o The requirements of the protection schemes and their settings for MGE type B, C and D not connected to the transmission grid are included. 

See section 5.4. 

 

Royal Decree 647/2020. Electric Grid Codes 

• Royal Decree 647/2020 establishes the minimum technical requirements for design and operation regarding demand, production and DC (direct 

current) high voltage systems for connection to the power grid, as well as exceptions for Self-consumption. 

• This royal decree specifies certain aspects that are considered necessary for the adequate implementation of the electric grid codes, such as the 

definition of certain concepts used in said codes without any precision of their scope, such as main power plant or main demand equipment, or 

the conditions that, in any case, will require a substantial or exhaustive review of the connection agreement. 

• In this Royal Decree 647/2020, the implementation process carried out in Spain through the working groups in which APPA actively participated is 

described. 

• In addition, it modifies some articles of Royal Decree 1699/2011, and Royal Decree 413/2014, of June 6. The modifications introduced in the 

aforementioned Royal Decree 413/2014 of June 6, allow to ensure the correct determination of the applicability and scope in the exchange of data 

in terms of the telemetry requirements, in real time, demanded in the Regulation (EU) 2017/1485 of the Commission, of August 2, 2017. 

• By means of this royal decree, the provisional and annual settlements are adjusted to the generation costs that are effectively recognized to the 

generating groups in non-peninsular territories. 

• In relation to the documentation necessary to request the operational notifications that apply in each case, it is left to the discretion of the relevant 

grid managers and limits, in some cases, the documentation that they may require. In the annexes of this royal decree, the documentation that 

will be necessary to provide in each case is specified. 

Most relevant aspects of RD 647/2020 

It should be noted from this Royal Decree 647/2020, it is the one that finally approves the implementation of the European grid connection codes approved 

in 2016: 

▪ grid connection 2016/631. 

▪ demand connection 2016/1388 and 

▪ connection to the grid of the DC high voltage system 2016/1447. 

These codes had an implementation deadline of 3 years from their approval. 

The technical requirements must be developed through the Ministerial Order (OM) referred to in the third section of the seventh final provision of this 

royal decree. 

This OM will define in detail the requirements that have not been fully defined in the aforementioned European regulations. 

It is defined that the conformity assessment (point V) will be in accordance with the corresponding technical supervision standard, there is one for the 

European Regulation. Said technical supervision standard has been developed in the working groups in which APPA actively collaborates. These working 

groups were developed by the transmission grid operator and the energy distribution companies. The ministry and the CNMV as well as the affected 

associations participated in them. Said work was developed in groups that developed in detail the non-exhaustive requirements and the supervision of the 

conformity of which this royal decree speaks. 
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The obligation to comply with EU Regulation 2016/631 is eliminated for self-consumption systems with zero discharge or with surplus and a power of less 

than 15kW, they are exempt from obtaining access permits and connection to the network as indicated in the third transitory provision. This exemption is 

subject to being able to be modified depending on the impact of self-consumption facilities on the electric grid. 

The application of this legislation is for installations with start-up after six months of the approval of this RD 647/2020. This does not in any way exempt 

from compliance with the fully defined requirements in the aforementioned European regulations. 

The applicability criteria of the European regulations are transposed to our national legislation and the applicability thresholds are modified according to 

the particularity of the Spanish electric grid. 

The definitions of the European regulations are transposed and as a reference the definition of “existing installation” (Article 5) is transposed literally, these 

being: 

▪ Those systems connected before the entry into force of European regulations. 

▪ Those systems that have a binding contract for the purchase of the main generation unit within 2 years of the approval of European regulations. 

The modifications that imply a revision of the connection contract are defined, such as: 

a) Increase in power greater than 20% of the maximum capacity of the electricity generation module (Article 8 point 6). 

b) Modernization or replacement of equipment in a percentage higher than 70% of the installed power of the electricity generation module (Article 

7 point 1, section b). 

The process of operational notification and limited operational notification (Chapter III) is specifically defined for the different electricity generation 

modules and demand facilities. 

In the first final provision, the requirements for power factor and voltage and frequency protections of RD1699 / 2011 are modified. 

RD413 / 2014 is modified, including compliance requirements with European Regulation 2016/631 in relation to controllability requirements, as indicated 

in the second final provision. 

The power factor requirements and voltage dips are adapted, with non-compliance with the power factor requirements being a reason for economic 

penalty. The previous and definitive registration sections are modified. 

The effective date of this RD is August 1, 2020. 

 

 

2.3 Poland 

 

Polish energy policy is related to adaptation to global and EU requirements in the field of reducing greenhouse gas emissions and air pollution and is 

determined by European legislation, especially in the field of the EU energy market and counteracting climate change. 

Polish government continued work to balance the need for energy security and to prevent climate change, to incentivize new investments and to support 

existing projects, in particular base on renewable energy sources (RES). Development of RES sector is one of the priorities for Polish government.  

Poland's renewable energy policy is aligned with the European Union RES targets. Poland has achieved significant progress in the deployment of RES in last 

decade. There has been the rapid expansion of wind and PV energy, but still Poland has a relatively low share of renewable energy sources in electricity 

production among EU member states.   

One of major issues in recent years has been the fulfilment of the obligations imposed by the European Union, particularly target of 15 per cent share of 

renewables in gross final consumption of energy by 2020, presented in National Renewable Energy Action Plan. 

   

 Institution and regulatory framework 

 Poland's energy policy is formed by the government, relevant ministries, and the Energy Regulatory Office (ERO). 

▪ The Ministry of Climate and Environment conducts a policy of sustainable development of energy sector and is in charge for creating energy policy 

and legislative process, as well as is responsible for planning and coordinating energy programmes in Poland. 

▪ The Ministry of State Assets conducts management of hydrocarbons, lignite, hard coal in the mining area, arrangement of mining concessions 

granted by the minister responsible for the environment in the field of minerals under the mining ownership of the State Treasury. In agreement 

with the Ministry of Climate and Environment, the Ministry of State Assets has responsibility for rational management of hydrocarbon, brown coal, 

hard coal in the mining areas. This applies, among others, to the system of licensing extraction of minerals, their granting and control processes. 

Important element is implementation of restructuring processes, in particular in light of obligations related to coal mining, which Poland assumed 

in the following years, and ultimately leading to liquidation of the coal industry by 2049, the latest. 
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▪ Ministry of Development Labour and Technology, the areas of their activity are: economy, construction, spatial planning and development, as well 

as housing and tourism. The Ministry is responsibility among others for the following matters: economy, including the competitiveness of the 

economy, economic cooperation with foreign countries, innovation, business as well as cooperation with economic self-government organizations. 

▪ The President of Energy Regulatory Office is a central body of state administration nominated on basis of the Energy Law, responsible for regulation 

in energy sector, as well as promotion of competition. The President of ERO regulates activities of energy enterprises aiming to balance interests 

of energy companies and customers. The president of the ERO is appointed by the Prime Minister for term of five years. Duties  and 

competences of the President of ERO are strictly connected with the state energy policy. Activities undertaken by the regulator are aimed at 

meeting goals set out by the legislator, i.e., creation of sustainable economic growth in the country, ensuring energy security, economical and 

rational use of fuels and energy, development of competition, counteracting negative effects of natural monopolies, environmental protection, as 

well as fulfilling obligations resulting from international agreements. The ERO’s responsibilities include among others: licensing, approval of tariffs, 

organising RES auctions and supervision obligations of energy companies under Polish "colour" certificates. 

▪ The National Funds of Environmental Protection and Water Management (NFEPWM) in cooperation with voivodeship funds for environmental 

protection and water management is the pillar of the Polish system of financing environmental protection.  

o NFPWM provides subsidies and grants to financial instruments supported renewable energy programs and participates in solving 

environmental problems in the legal, financial and organizational areas.  

   

Basic normative acts regulating use and development of energy from renewable sources in Poland include: 

▪ The Energy Law Act of 10 April 1997, Journal of Law of 1997, No. 54 item 348, as amended, 

▪ Act on Renewable Energy Sources, February 20, 2015 on Journal of Laws 2015, item478, as amended, 

▪ Act on Energy Efficiency of May 20, 2016, as amended. 

 

There are many other normative acts and documents of a strategic nature, being prepared and published, regulating energy sector. These include, among 

others: 

▪ Energy Policy of Poland until 2040, 

▪ State Ecological Policy until 2030, 

▪ National Energy and Climate Plan for the years 2021-2030, 

▪ Strategy for Responsible Development until 2020 - with perspective until 2030 (adopted in 2017), 

▪ National Action Plan in the field of Renewable Energy. 

 

The Energy Law Act of 10 April 1997 

The Energy Law Act of 10 April 1997, Journal of Laws of the Republic of Poland of 2019, , item 755 as as amended, is basic legal act in the energy sector. 

This act defines principles of shaping the state's energy policy, rules and conditions for supply and use of fuels and energy - including heat, activities of 

energy companies, and also determines authorities responsible for fuel and energy management. 

Purpose of the act is to define principles of creating conditions for sustainable development of the country, ensuring energy security, economical and 

rational use of fuels and energy, development of competition, counteracting negative effects of natural monopolies, taking into account requirements of 

environmental protection, obligations arising from international agreements and balancing interests of energy companies and fuel consumers and energy. 

The act defines basic concepts of the energy sector and defines rights and obligations of main market participants, defines rights and obligations of 

administrative bodies (including the President of the Energy Regulatory Office), and also defines conditions for running business on the energy market in 

Poland. 

As regards the use and development of energy from renewable sources, the Energy Law contains a number of articles promoting production of energy 

from renewable sources. 

 

The Act on Renewable Energy Sources, of February 20, 2015 

 

Act on Renewable Energy Sources, of 20.02, Journal of Laws No. 2015, item 478, entered into force on 04.05.2015, and has been amended successively in:  

2016, 2017, 2018 and 2020.  

The following amendments to the RES Act were adopted: 

- Act of June 22, 2016 amending the Act on Renewable Energy Sources and some other acts, 

- Act of July 20, 2017 amending the Act on Renewable Energy Sources, 

- Act of June 7, 2018 amending the Act on Renewable Energy Sources and some other acts, 

- Act of July 19, 2019 amending the Act on Renewable Energy Sources and some other acts. 

 

The Act maintained the green certificate system for the existing renewable energy sources installations, albeit with some changes to the existing rules. For 

new renewable energy installation i.e. those that start generating electricity no earlier than 1 January 2016, the Act  introduced a number of solutions and 
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mechanisms supporting stable development of renewable energy in Poland, among others: net metering, energy clusters, energy auction system, feed-in-

tariffs and feed - in-premiums1,  contracts for differences2,  as well as a whole range of rules and instruments to support RES in the energy system. 

According to the RES Act, the energy system specifies: 

▪ installations with capacity of up to 50 kW - micro installations, 

▪ installations with capacity of 50 - 500 kW - small installations, 

▪ installations with capacity of over 500 kW - industrial installations. 

 

The Act changed mechanisms for supporting renewable energy sources. The Act introduced system based on auction model, announced and conducted 

by the President of the Energy Regulatory Office and net metering system for prosumers.  

The auction system is weighted towards the most cost-effective projects and technologies. Auction winner should provide relatively cheap electricity and 

they are guaranteed purchase of their produced energy at certain price for 15 - year period.  Reference energy price is set for groups of various sizes and 

for different renewable technologies.  

The RES Act also introduced "technological baskets" for RES auctions, as well as new support tools in form of energy clusters and energy cooperatives - for 

installations with total installed electric capacity of not more than 10 MW, and other activities involving micro installations related to distribution and 

trading of electricity. 

The Energy Regulatory Office organizes auctions in which producers are selected, who are able to offer sale of electricity from renewable source at the 

lowest possible price, but not higher than "reference price", published in regulation of the competent minister. 

Auction for sale of electricity from RES is conducted in electronic form via online auction platform. Provider of online auction platform, as well as contractor 

of services in the field of its maintenance, extension and modification is the Energy Regulatory Office. 

There are so-called "auction technological baskets" in the auction system. 

Basket I provide space for six technologies: 

▪ installations using only biogas obtained from landfills, 

▪ installations using only biogas obtained from sewage treatment plants, 

▪ installations using only biogas, other than obtained from landfills and sewage treatment plants, 

▪ only dedicated biomass combustion installation or hybrid systems, 

▪ only installations using biomass, bioliquids, biogas or agricultural biogas, burned in dedicated multi- fuel combustion installation, 

▪ only dedicated biomass combustion installation or hybrid systems, in high-efficiency cogeneration. 

Basket II provides space for three technologies: 

▪ installations using only hydropower to generate electricity, 

▪ installations using only geothermal energy to generate electricity, 

▪ installations using only offshore wind energy. 

 

Basket III is dedicated to installations using only agricultural biogas. 

 

Basket IV applies to installations using: 

▪ onshore wind energy, 

▪ solar energy. 

Basket V only supports hybrid installations. 

 

The new auction system is obligatory for installations launched after January 2016.   

In auctions held in 2016-2019, support was provided for over 2,000 installations. Total value of energy covered by winning bids was over PLN 38 billion, ca. 

9,05 billion Euro. 

In 2019, 12 auctions were held for producers of electricity from renewable sources, organized by the ERO. In turn, in 2020, 8 auctions were organized, 

under which nearly 54.5 TWh of capacity for over PLN 12.9 billion ((3,07 billion Euro) was contracted. 

The Act also defines a prosumer as end user, producing electricity only from renewable energy sources for their own needs in a micro-installation, who can 

store or sell this energy, not only to obligated seller under certain conditions, but also to any other seller, under conditions agreed with him. 

Net-metering is a support system for micro-installation in Poland. Surplus of produced energy may be feed to the distribution grid, and may be balanced 

with energy consumed from the electricity network in relation as below: 

▪ 1 to 0.8, for PV systems with power less than 10 kW, and, 

▪ 1 to 0.7, for PV systems with power between 10 kW and 50 kW. 

 

Furthermore, in current legal order, generation in RES micro-installations is based on the following pillars: 

▪ legal obligation to purchase energy from RES by an energy company involved in trading or sale of electricity, 

▪ ensuring priority access to the transmission network, 

▪ exemption from connection fee, 

 
1 FiT - for small-scale and micro-scale biogas and hydro installations (with a capacity lower than 500 kW), and FiP for mid-scale biogas and hydro installations (with a capacity higher than 500 

kW but lower than 1 MW). 
2The CfD - for the RES installations with a capacity of at least 500 kW. 
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▪ no need to register business operations, 

▪ no need to obtain building permit, 

▪ tax incentives, for example VAT tax for a PV system below 50kW, benefit from an 8% VAT, instead of 23%. 

▪ cost reductions by reduced income tax. 

 

Net-metering enables both business prosumers (if these activities do not constitute their basic commercial or professional activity) and prosumers to feed 

surplus electricity into the grid. 

The support system is implemented also through grants, preferential loans and low-interest loans from EU and internal funds and programs targeted at 

supporting the renewable energy program, including the National Fund, the National Fund for Environmental Protection and Water Management, the 

Voivodeship Fund for Environmental Protection and Water Management. 

Support provided by certificates of origin, which are subject to trade on the Polish Power Exchange (in Polish: Towarowa Giełda Energii - TGE S.A.), will 

remain valid for up to 15 years from date of commencement of production, but no longer than till 31 December 2035. 

 

The Act on Energy Efficiency of May 20, 2016. 

The Energy Efficiency Act of 20.05.2016 defines target for energy savings, taking into account leading role of the public sector, establishes support 

mechanisms and a system for monitoring and collecting necessary data.  

The act specified: 

▪ rules for development of the national energy efficiency action plan, taking into account in particular energy saving target, 

▪ tasks of public sector units in the field of energy efficiency, 

▪ rules for implementation of obligation to achieve energy savings (white certificate system), 

▪ principles of conducting energy audit of an enterprise, preparation of reports and statistical data on energy efficiency, as well as information and 

educational campaigns. 

Provisions of the act entered into force on 01.10.2016. 

 

Energy efficiency is one of elements of the European energy policy that most directly relates to promotion and development of renewable energy sources. 

Improving energy efficiency can potentially make the most decisive contribution to sustainability, competitiveness and security of supply. 

As part of published legal acts, other documents of strategic nature are prepared and published. Main goal of these strategies is to present directions of 

activities aimed at achieving highly competitive, safe, innovative and effective energy sector in Poland. 

These strategies, along with other strategies, create Poland's mid-term development strategy, detail its provisions in the field of energy and environment, 

and provide guidelines for Poland's energy policy. 

 

Poland’s Energy Policy until 2040 

Poland’s Energy policy to 2040 (PEP 2040) was adopted by the Polish government on February 2021.  PEO 2040 outlines planned changes to the energy 

sector in horizon 2040. It sets the strategic direction for development of the energy sector and indicates strategy for investments and sustainable use of 

renewable energy sources. PEP 2040 is based on three main pillars: 

 

I. Just transition. 

- transformation of coal regions, 

- reduction of energy poverty, 

- new industries related to RES and nuclear energy. 

 

II. Zero-emission energy system.  

- offshore wind (about 8-11 GW by 2040), 

- nuclear energy, first nuclear installation 1-1,5GW until 2033, 6 nuclear units until 2043 (target: 6-9 GW), 

- local energy and community energy (increase in share of recipients actively participating in the market, 300 sustainable energy areas and 1 million 

prosumers by 2030. 

 

III. Good air quality. 

- transformation of the heating industry, withdrawal of coal from use in private heating, in the city by 2030 and in rural areas by 2040, development of 

district heating in cities, 

- house with climate - increase in number of zero-energy buildings, in these 3 million listed heats,  

- sources in homes by 2030, 

- zero emission transport, development of electromobility in cities in the area of 100 thousand  

residents, from 2025 - new public transport vehicles only zero-emission from 2030 - all public  

transport vehicles only zero-emission. 
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The PEP2040 provides significant decrease of share of coal in national power generation to 22% in 2040, substantial increase of share of renewable 

generation in solar capacity and offshore wind, decrease of onshore wind capacity after 2030, and introduction of nuclear power in 2033, as well as expand 

transmission and distribution grids, trans-border connections, develop high-efficient cogeneration, diversify gas and crude oil supplies and develop the 

national gas transmission system. Energy Policy until 2040 presents eight strategic goals: 

▪ optimum use of own energy resources,  

▪ development of electricity generation and network infrastructure,  

▪ diversification of natural gas and oil supplies and expansion of network infrastructure of natural gas, crude oil and liquid fuels,  

▪ development of energy markets,  

▪ implementation of nuclear power,  

▪ development of renewable energy resources,  

▪ development of heating and cogeneration sector, 

▪ improvement of energy efficiency. 

 

Regarding renewable sources PEP 2040 provides for development of photovoltaics and offshore wind farms as key RES in Poland. The document establishes 

a number of measures addressing RES. Strategic future goals set in the energy policy until 2040 are: 

▪ Increasing share of renewable energy sources in all sectors, and in final energy consumption to 23% in 2030, 

▪ 32% RES in the production of electricity, special role of offshore wind energy (approx. 5.9 GW), photovoltaics (approx. 5-7 GW) and onshore wind 

energy (approx. 8-10 GW) 

▪ 8% RES in heating and cooling (special role of biomass, heat pumps, biogas and geothermal energy)  

▪ 14% RES in transport (special role of biofuels and electromobility). 

 

According to the strategy in 2040, zero-emission sources will constitute more than half of installed capacity, especially Polish offshore wind power system 

and nuclear power plant, i.e. two new strategic industries and areas to be built in Poland. Transformation also requires increasing use of renewable energy 

technologies in heat generation and increasing use of alternative fuels in transport. 

 

 

National Energy and Climate Plan 2021-2030 

The National Energy and Climate Plan 2021-2030 has been developed to fulfill obligation resulting from Regulation (EU) 2018/1999 of the European 

Parliament and of the Council of 11.12.2018 on Governance of the Energy Union and Climate Action.  

The document presents national goals and strategic directions of activities in the field of energy security, reduction of emissions and development of 

renewable energy sources, energy efficiency and internal energy market. National assumptions and goals in the field of financing public and private research 

and innovation, contributing to reduction of civilization gap between Poland and highly developed countries, and to improvement of quality of life of Polish 

society were also presented.  

Main objective of the energy policy is energy security while ensuring competitiveness of the economy and energy efficiency, reducing impact of the energy 

sector on environment and making optimum use of own energy resources. 

It is forecasted that expenditure on research and development in Poland will increase to 2.5% of GDP in 2030 (1.7% of GDP in 2020). 

The national energy and climate plan sets the following 2030 climate and energy goals: 

▪ 7% reduction in greenhouse gas emissions in sectors not covered by the ETS compared to 2005, 

▪ 21% - 23% share of RES in gross final energy consumption, including by 14% share of renewable energy in transport, 

▪ annual increase in share of renewable energy sources in heating and cooling by 1.1 percentage points percent annual average, 

▪ increase in energy efficiency by 23% compared to the PRIMES2007 forecasts, 

▪ reduction to 56 - 60% share of coal in electricity production. 

 

The National Energy and Climate Plan 2021-2030 has been developed to fulfil obligation resulting from Regulation (EU) 2018/1999, based on which, Poland 

declares to achieve 21-23% of RES share in gross final energy consumption by 2030 (total consumption in electricity, heating and cooling as well as for 

transport purposes). It is estimated that in perspective of 2030, share of renewable energy sources in heating and cooling will increase by average of 1.1 

percentage point per year. In transport, 14% share of renewable energy is expected to be achieved by 2030. The RES share in electricity production will 

increase to approx. 32% in 2030. To enable achievement of the above-mentioned targets, it is planned to support renewable energy sources in form of 

continuation of existing and creation of new support and promotion mechanisms. It is also planned to increase use of advanced biofuels, introduce offshore 

wind energy and increase dynamics of development of renewable energy micro installations [1]. 

The National Energy and Climate Plan is integrated with other strategic documents, including: Responsible Development Strategy, draft Polish Energy Policy 

until 2040, draft of the National Environmental Policy 2030, draft of the Strategy for Sustainable Development of Transport until 2030. 
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The 2030 National Environmental Policy - PEP2030 

National Environmental Policy until 2030 integrates thematic scope of documents: Strategy "Energy Security and Environment - perspective until 2020" in 

environmental part, Strategic Adaptation Plan for Sectors of Areas Vulnerable to Climate Change until 2020, and Climate Policy of Poland. 

Thematic scope of the state's environmental policy has been supplemented with environmental goals and priorities and is developing environmental part 

of the Strategy for Responsible Development until 2020 (with a perspective until 2030). 

Main goal of the state's environmental policy until 2030 is to develop potential of environment for benefit of citizens and entrepreneurs. 

Detailed PEP 2030 objectives: 

▪ environment and health - improving quality of the environment and ecological safety, 

▪ environment and economy - sustainable management of environmental resources, 

▪ environment and climate - climate change mitigation and adaptation, as well as natural disaster risk prevention. 

 

Specific objectives of PEP2030 concern health, economy and climate. Achievement of environmental objectives will be supported by horizontal objectives, 

as well as those related to environmental education and functional effectiveness of instruments of environmental protection. 

EP2030 strategic projects include: 

▪ clean air,  

▪ landscape audits, 

▪ developing and implementing a coherent and comprehensive Raw Materials Policy, 

▪ greenEvo - Technology Accelerator, 

▪ carbon Forests, 

▪ wooden buildings, 

▪ adaptation to climate change, 

▪ comprehensive programme for the adaptation of forests and forestry to climate change, 

▪ water for agriculture. [2] 

 

Specific objectives will be monitored with a set of indicators and implemented through directions of interventions: 

▪ sustainable water management, including ensuring access to clean water for the public and economy as well as achieving good status of waters, 

▪ elimination of sources of air pollutant emissions or substantial reduction of their impacts, 

▪ protection of land surface, including soils, 

▪ tackling threats to environment and ensuring biological security, nuclear safety and radiological protection, 

▪ managing resources of natural and cultural heritage, including improvement and protection of state of biological and landscape diversity,  

▪ supporting multifunctional, sustained and sustainable forest management, 

▪ waste management towards circular economy, 

▪ managing geological resources by developing and implementing a Raw Materials Policy, 

▪ supporting the implementation of eco innovations and the dissemination of best available techniques (BAT), 

▪ climate change mitigation - adaptation to climate change and management of risk of natural disasters, 

▪ environmental education, including shaping of sustainable consumption patterns, 

▪ improving environmental control and management systems as well as streamlining the financing system. 

 

National Renewable Energy Action Plan 

In 2010 Poland prepared and submitted to the European Commission its National Renewable Energy Action Plan (NREAP) fulfilling its obligations deriving 

from art. 4(1) of Directive 2009/28/EC of the European Parliament and of the Council of 23 April 2009 on promotion of use of energy from renewable 

sources. [3] 

The National Renewable Energy Action Plan presents policy in the field of renewable energy sources, forecast of possibility of obtaining sources and 

consumption of energy from renewable sources, and analysis of strategic documents in national legislation enabling achievement of planned goals in 2020.  

The National Renewable Energy Action Plan sets national targets for share of renewable energy consumed in three sectors, i.e.: 

▪ transport, 

▪ electricity sector, 
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▪ heating and cooling sector. 

 

In addition, the National Plan takes into account impact of other energy efficiency policy measures on energy final consumption and identifies tasks to be 

undertaken to achieve national overall targets, including cooperation between local, regional and national authorities, planned statistical transfers or joint 

projects, national strategies to development of existing resources in terms of share of renewable energy sources in use of final energy. 

 

2.4 Czech Republic 

Czech Republic’s renewable energy policy is aligned with the European Union RES targets. Share of renewable energy sources has been constantly growing 

since 2005, mainly due to increase of competitiveness against fossil sources, as well as efforts to efficiently use domestic available energy sources. The 

source with the greatest development potential is biomass, particularly purposefully cultivated biomass, and photovoltaics. 

Total electricity production from renewable and secondary sources of energy will continue its rising trend by 2040. 

Institution and regulatory framework 

▪ The Ministry of Industry and Trade (MIT) is responsible for development and implementation of state and renewable energy policy in the Czech 

Republic, granting authorisation to build new energy generating facilities. MIT realizes obligations of international treaties and agreements, 

monitors compliance with safety and reliability standards of the electricity and gas network, implements of protective measures in case of 

emergency, and management of sudden crisis in the energy market.  

▪ The Ministry of the Environment (MOE) is responsible for protection of environment, including development of all major environmental policies 

and legislation. In the energy sector, the MOE tries to minimise impact of energy consumption, promotes rational energy supply and use, and 

sustainable development. MOE also develops programs for RES support, including the State Environmental Protection Fund of the Czech Republic 

which provides financial support in form of grants, loans and partial subsidies for these programs. 

▪ The Energy Regulatory Office (EURO) - is an administrative authority responsible for regulation in the energy sector, with the following, among 

others, competencies: 

- price controls, 

- support for competition in the energy industries, 

- supervision over markets in the energy industries, 

- support for use of renewable and secondary energy sources, 

- support for combined heat and power generation, 

- support for biomethane,  

- support for decentralized energy production, 

- protection of customers and consumers' interests,  

- protection of licence holders' vested interests, 

- protection of legitimate customers and consumers' interests in the energy industries. 

 

The market operator – OTE a. s., Czech electricity and gas market operator (Nominated Electricity Market Operator in the Czech Republic is responsible 

for determining amounts of support, FITs and feed-in premiums (FIPs), (green bonuses), for electricity produced from RES. 

 

Core operations comprise: 

▪ Evaluation and financial settlement of imbalances between contracted and metered supply and consumption of electricity and gas, 

▪ Organisation of the short-term electricity market (block, day-ahead, Intraday), 

▪ Organisation of the short-term gas market (intraday), 

▪ Organisation of the balancing market with regulation energy, 

▪ Processing and exchange of data and information related to the electricity and gas markets through the Centre of Data Services, 24 hours a day, 7 

days a week, 

▪ Administration of support for renewable energy sources, 

▪ Issuance of guarantees of origin of electricity from renewable energy sources, 

▪ Administration of the national registry for greenhouse gas emission units and allowances trading, 

▪ Provision of technical support for change of electricity and gas supplier in customer points of delivery, 

▪ Preparation of monthly and yearly reports on the electricity market and the gas market in the Czech Republic, 

▪ The electricity TSO in the Czech electricity market is called CEPS and owned by the state. 

 

State Energy Policy of the Czech Republic 

The State Energy Policy (SEP), prepared by Ministry of Industry and Trade (Czech: Ministerstvo Prumyslu a Obchodu) in 2014, is the key strategic document 

for the energy sector, which contains policies and measures in the field of energy. SEP was approved in May 2015, and then the Ministry of Industry and 

Trade evaluates it at least once every 5 years and informs the Government of evaluation outcomes.  
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The “Territorial Development Policy of the Czech Republic” policy is consistent with the energy policy of the state. 

These strategic documents are laid down in Act No 406/2000, on energy management, as amended. 

The State Energy Policy has been adopted for a period of 25 years and is binding for performance of the state administration in field of energy management. 

SEP identifies research, development, innovation and education as fundamental factors in establishing competitiveness of the energy economy and critical 

factors for success.  

The SEP contains the following strategic energy priorities:  

▪ balanced energy mix / transformation of the energy industry,  

▪ energy savings and energy efficiency improvements,  

▪ infrastructure development,  

▪ research in field of energy and industry, human resources,  

▪ energy security.  

 

Furthermore, it contains the strategy for development of major energy sectors in this: electricity sector, gas sector, oil processing, heating sector, transport, 

energy efficiency, research, development, innovation and education, power engineering, external energy policy.  

The SEP presented strategic objectives for the energy sector are as follows:  

▪ security of energy supplies i.e., ensuring essential energy supplies for consumers in normal operation and in case of step changes in external 

conditions,  

▪ competitiveness of the energy sector and social acceptability i.e., final energy prices for industrial consumers and for households that are 

comparable with prices in other countries in the region and those of other direct competitors + energy businesses able to create economic added 

value in long term,  

▪ sustainability sustainable development i.e., energy structure that is sustainable in the long term from viewpoint of the environment (no further 

damage to environment), finance and economy (financial stability of energy enterprises and ability to provide necessary investment in renovation 

and development), human resources (level of education), social impact (employment), and primary sources (availability). [4] 

 

The SEP introduced concept for development of renewable energy sources and storage facilities till 2040 based on: 

▪ support development and use of renewable resources in compliance with economic capacity and natural geographic, geological and climatic 

conditions of the Czech Republic,  

▪ exploiting potential of biomass (to extent that is sustainable in terms of food security and protection of land resources and landscape), wind energy 

(respecting principles of environmental and landscape protection) and solar energy on building roofs and structures (with respect to principles of 

monument and urban protection),  

▪ work together with the Ministry of Agriculture to set up a mechanism to ensure preferential use of purposefully cultivated biomass for domestic 

entities,  

▪ in justified cases further support for RES should be ensured through mechanisms that enable strategic objective to be achieved at minimal cost, 

for example inverse auctions, tax breaks for investors, or net metering, which will be compatible with the EU rules governing public aid,  

▪ funds to support RES, and their further development, should be obtained particularly from energy taxes and fees and mandatory externality 

payments (CO2 allowances, carbon taxes), therefore direct burden of electricity prices for the business sector and households should be gradually 

minimised/eliminated. In long term, set up proportions aimed at returning specific energy taxes (this does not apply to excise duties) to the energy 

sector to support savings programmes and to increase energy efficiency of conversion and transport of energy, 

▪ by 2025 - ensure adequate capacity and flexibility in distribution systems in order to meet the need for connection of renewable resources in 

compliance with targets set for proportion of RES in PES and electricity generation structure, by developing capacities of DS and, particularly, by 

efficient management of existing networks and by defining and meeting technical conditions stipulated for sources and networks.  

▪ do everything possible to simplify administrative processes involved in connecting RES. Ensure that small sources are connected to networks by 

deadlines and under technical conditions specified by legislation, 

▪ ensure greatest possible integration of RES into ES balance management mechanisms, particularly using smart distribution networks and 

management of RES connected to the DS. 

▪ develop efficient mechanisms for managing energy grids and levelling out local and temporal imbalances, including energy storage facilities 

designed to match size and structure of generation sources, particularly with regard to high unit output of nuclear and coal-fired plants and scope 

and structure of renewable resources whose supplies fluctuate and are difficult to predict,  

▪ develop centralised (TS and DS) and decentralised (electric vehicles, local storage) electricity accumulation for the needs of regulation and for use 

in management of distribution networks, particularly on commercial basis; with intermittent sources with total installed power exceeding 4000 

MW, where necessary also introduce aspects of mandatory accumulation for certain types of sources. [4] 

 

The Act No. 458/2000 Coll. on Business Conditions and Public Administration in the Energy Sectors and on Amendment to Other Laws - The Energy Act. 

The most important law that regulates entire energy supply sector in the Czech Republic is Act No. 458/2000, Coll. on business conditions and public 

administration in the energy sectors and on amendment to certain laws - “The Energy Act”.  
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The Energy Act entered into force on 1st January 2001. It incorporates relevant European Union laws and defines in connection with the European Union's 

directly applicable regulations, general conditions for business operations and public administration in energy supply sectors, specifically electricity, gas, 

and heat supply sectors. 

The Act creates framework for entrepreneurship, public administration and non-discriminatory regulation of the energy industries and provides conditions 

for business activity, as well as rights and obligations of individuals and legal entities related to that, in compliance with the law of the European 

Communities. 

The Act also creates framework for use of renewable energy sources, in this allows for preferential connection to distribution system for producers of 

electricity from renewable sources and encourages co-production of heat and electricity. In addition, the Act implements a number of resolutions and the 

EU directives. 

In October 2019, the Czech Ministry of Trade and Industry presented to the Government principles of a new Energy Act, designed to address transition of 

the energy sector and decline in use of carbon energy. Work on new Energy Act is in progress. 

 

The Act No. 406/2000 Coll. on Energy Management, as amended 

The Act No. 406/2000 - The Energy Management Act, which entered into force in January 2001, and was amended in 2006, established RES targets, 

standards for energy efficiency of heat and electricity production, transmission, distribution and use, energy planning requirements, energy auditing 

obligations, energy auditor’s certification, energy labelling programme, energy performance of buildings, as well as inspection of boilers and air 

conditioning units.  

The Energy Management Act stipulates rights and obligations of natural and legal bodies in management of energy, in particular of electricity and heat as 

well as gas and other fuels. It aims to contribute to economical use of natural resources and protection of environment, as well as to more efficient use of 

energy, enhanced competitiveness, reliable energy supplies and sustainable development of society. 

The Act incorporates relevant regulations of the European Communities, Council Directive 93/76/EEC of September 1993 to limit CO2 emissions by 

improving energy efficiency and Directive 2002/91/EC of the European Parliament and of the Council on the energy performance of buildings.  

The Act sets forth certain measures towards enhancing economical use of energy and obligations of natural and legal persons managing and using energy, 

and rules applicable to formulation of the National Energy Policy, Territorial Energy Policies and the National Programme for Economical Energy 

Management and Use of Renewable and Secondary Energy Sources.  

In 2000, the Czech government approved the new Energy Policy, establishing target of 5%-6% of TPES from renewable energy by 2010 and 8-10% by 2020, 

in fitting with the EU Green Paper policy.  

 

The Act No 165/2012 on support energy sources, as amended 

The Act 165/2012, on support energy sources, came into effect on 1st January, 2013.  Main purpose of the above law is to promote use of the RES, heat 

and bio-methane from renewable energy sources, secondary energy sources, high-efficient combined power and heat generation and de-centralized power 

generation, performance of state administration and rights and duties of natural and legal persons related thereto.  Introduced law was aimed at protecting 

climate and environment and increasing share of renewable energy sources in the consumption of primary energy sources to achieve the set goals. 

In August 2013, the Czech government, and Chamber of Deputies of the Czech Parliament, adopted an amendment to Act No. 165/2012 stating that as of 

1 January 2014, public support for new RES generators being provided through FITs/FIPs would be ended (with exemption for wind, geothermal, biomass 

and hydropower if a building permit was secured before entry into force of the legislation and in operation by 31 December 2015). 

In 2020, a number of legislative initiatives were undertaken in the Czech Republic, including subsidies for renewable energy sources ("RES Amendment").  

The Czech government adopted the RES Amendment at the end of April 2020. Adoption of the RES Amendment significantly changes the RES co-financing 

system in the Czech Republic. In case of new projects, it proposes to abandon feed-in tariff system and maintain only green hourly bonuses for RES with 

installed capacity of less than 1 MW (6 MW for wind energy). For sources with higher installed capacity, the RES Amendment proposes to introduce auction 

system in which a bidder who agrees to deliver required capacity at the lowest price will receive subsidy.  The new system applies to new energy sources 

put into operation in 2021 and after 2021. Additionally, amendment provides basis for supporting production of biomethane in form of a "green premium". 

National Energy and Climate Plan of the Czech Republic  

The National Energy and Climate Plan of the Czech Republic from November 2019, was prepared on basis of the Regulation (EU) 2018/1999 of the European 

Parliament and the Council of 11th December, 2018 on Governance of the Energy Union and Climate Action, and it contains main targets and policies in all 

five dimensions of the Energy Union for period 2021 - 2030, with extension to 2050. 

The National Energy and Climate Plan is based on two main strategic documents, namely: The State Energy Policy of the Czech Republic, which was 

approved in 2015, and the Climate Protection Policy of the Czech Republic, which was approved in 2017. 

The National Energy and Climate Plan presents the following future main targets to achieve by the Czech Republic:  



 
 

 

 
                                        Project funded by European Union’s Horizon 2020 
research and innovation program under the Grant Agreements n 952851 

  Page: 18 

 
  

 

   

 

▪ to reduce total greenhouse gas emissions by 30 % by 2030 compared to 2005, corresponding to reduction of emissions of 44 million tonnes CO2 

eq., 

▪ to reduce greenhouse gas emissions by 34 % reduction by 2050, (compared to 2005), 

▪ to reach 22% share of renewable sources in gross final energy consumption by 2030, i.e., increase of 9 percentage points compared to the Czech 

national target of 13 % for 2020, 

▪ to reach primary energy sources at level of 1 735 PJ in 2030, to compare with 1 855 PJ in 2020,  

▪ to reach final consumption at level of 990 PJ, to compare 1 060 PJ in 2020.  

▪ Between 2021 and 2030, at least 7 % increase in share of energy from RES to final energy consumption will have to be achieved. Average year-on-

year growth of RES share in heating and cooling is proposed at 1 %. In transport, target is set as binding on all member states at 14 %.  

 

In order to achieve above targets, preparation of tools and measures with appropriate forms of support for all supported energy sources, in this: 

▪ modification of the current form of support for small energy sources with output up to 1 MW, where support will no longer be used in form of 

feed-in tariffs, but only in form of hourly "green bonus". This is the most pro-market approach and financially most effective form of support for 

small energy sources,  

▪ introduction of support through competitive tenders (auctions) for energy sources above 1 MW,  

▪ introducing new form of support so that some existing energy sources can be maintained in operation and some other new sources can develop 

and introducing new forms of support to ensure required sectoral RES targets in framework of heating and cooling, as well. 

 

Initiator for use of appropriate tools to support RES (including SES) is the Ministry of Industry and Trade, after identifying possibility of non-compliance 

with the National Action Plans, which will always choose which form of support is most appropriate at the moment to ensure achievement of national RES 

target. 

The National Renewable Energy Action Plan of the Czech Republic 

The National Renewable Energy Action Plan of the Czech Republic (NREAP) 2011-2020, was first published in 2010 and updated in 2012, 2015, and the last 

was approved by the government on 25th of January 2016. 

The plan specified measures and tools concerning RES, projected target of 13.0% share of energy from renewable sources in gross final energy consumption 

and fulfilment of target of 10.8% share of energy from renewable sources in transport in gross final energy consumption by 2020.  

2015 update proposes achieving 15.3% share of energy from RES in gross final energy consumption and 10% share of energy from RES in gross final 

consumption in transport by 2020. In 2014, share of energy from renewable sources had reached of 13.4% in gross final energy consumption. 

Support system 

There was a rapid growth of installations of photovoltaic power plants in the Czech Republic started in 2009, with the highest capacity installed in 2010 

and 2011. Boom resulted from generous governmental support by feed in tariffs, in period from 2008 to 2009, which was later gradually reduced as below: 

▪ guaranteed FITs - feed-in tariff, by offering long-term power purchase agreements for sale of renewable energy electricity at agreed prices,  

▪ FIPs (feed-in premiums) - “green bonus” paid on top of market price, investment subsidies and fiscal measures. 

 

The revision of the act on promoted energy sources in 2012 seated strict criteria for eligibility for FITs for RES electricity, and support has been limited to 

maximum installed capacity of 100 kW, with exception for small hydropower generators (up to 10 MW). Support for PV was limited to up to 30 kilowatt-

peak, and only PV panels placed on building roofs or walls were eligible for the FIT support scheme. 

Starting by 2014 the feed-in tariff scheme has been revised and cancelled. In 2014, access to the FIT system was ended for new capacity with exception of 

hydropower, and there is no longer a FIT support mechanism for wind, PV, biomass, etc. This has created uncertainty in the market.  

Programs and founds 

RES investments were supported also by the state and EU programmes and funds in this:  

▪ the State Programme for Support of Energy Savings and Use of Renewable and Secondary Energy Sources [EFEKT]), 

▪ Operational programmes financed by the EU structural funds (the Operational Programme Enterprise and Innovation, Operational Programme for 

Environment, the National Programme of Rural Development, the Integrated Regional Programme), 

▪ The European Regional Development Fund - low-interest loans systems for RES technologies. 

▪ Operational Programme Environment - New Green Savings Programme 2014-2020, 

▪ Program for sustainable building, so-called “Green Savings Programme” - implemented by The Czech Ministry of the Environment (MŽP) and the 

State Environmental Fund (SFŽP), 

▪ Operational Program for Entrepreneurship and Innovation for Competitiveness - starting from June 2017. [5] 

 

Fiscal measures include: 

▪ exemptions from income tax, 



 
 

 

 
                                        Project funded by European Union’s Horizon 2020 
research and innovation program under the Grant Agreements n 952851 

  Page: 19 

 
  

 

   

 

▪ tax depreciations, 

▪ exemptions from property tax. [6] 

 

 

2.5 Greece 

Overview of RES part in the Greek National Energy and Climate Plan 

Pursuant to Greece’s National Energy and Climate Plan issued in November 2019, the national objective to be attained in terms of the RES share in gross 

final energy consumption is at least 35%. There are also objectives for the RES share in gross final electricity consumption to reach 61% in 2030 from 

approximately 29% in 2020.  

Table 1. Evolution of RES shares per objective and per sector by 2030 In Greece. 

 

Moreover, an objective has been set for promoting RES systems in buildings and dispersed generation systems, through auto production and net metering 

schemes. More specifically, a forecast has been made for having such RES power generation systems in operation with an installed capacity of 1 GW, 

capable of covering the average electricity consumption of at least 330 000 Greek households, by 2030: 

Table 2.  Progress in respect of the share of RES by sector by 2030 In Greece. 

 

In the field of RES power generation, the dominant applications that will contribute to the attainment of the objectives in the following period are wind 

farms and photovoltaics, which are considered to be the most mature and competitive ones in accordance with market and cost-effectiveness rules in 

terms of their impact on aid issues. Table 3 , Table 4 and Figure 1 below show the evolution of the relevant values for RES technologies in power generation, 

indicating that the installed capacity of uncontrollable RES plants almost triples in the period 2017-2030. It should be noted that there is no specific 

timetable for offshore wind farms, but their share in the mix for attaining the power generation objective is taken for granted. 

Table 3. Evolution of installed RES capacity in power generation In Greece. 

 

https://ec.europa.eu/energy/sites/ener/files/el_final_necp_main_en.pdf
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Table 4. Evolution of RES power generation In Greece. 

 

 

Figure 1. Evolution of installed RES capacity in the period 2017-2030 In Greece. 

 

Overview of important Market Players in the Energy Regulatory Framework 

RAE is the independent energy regulator, established in 1999 and authorized to control, regulate and supervise the operations of all sectors of the energy 

market. Its competences include the issuing of energy generation licences, certification of the Independent Power Transmission Operator (IPTO) and the 

Hellenic Electricity Distribution Network Operator (HEDNO), approving and issuing of the codes and methodologies for the access tariffs to the networks, 

approving and requesting amendments, if necessary, of a ten-year energy development plan (TYNDP). It also acts as a dispute settlement authority with 

respect to complaints against the network operators and/or owners and against any energy companies for infringement of their obligations regulated by 

energy legislation and their energy licenses. RAE has established a separate arbitration tribunal, that disputes between parties participating in the energy 

market may be voluntarily referred to. It cooperates closely with the Hellenic Competition Commission, that has also issued some resolutions on energy 

disputes with a focus on competition law aspects. RAE grants licenses for RES electricity generation in accordance with the RES Law and the RES Licensing 

Regulation. 

 

Monitoring of the energy sector is also performed by the Ministry of Energy and Environment. The Ministry is in charge of establishing an energy policy 

and the adoption of specific acts, as provided in the Energy Framework Law, including the issuance of licensing regulations for generation, supply and trade 

with electricity and of the Electricity Supply Code. 

 
 

Overview of RES Regulatory Framework in Greece 

The main statutory instruments of Greek energy law, that apply also to RES, are the following: 

▪ Law no. 4001/2011, (OJ 179 Α/22.08.2011), as amended and in force, (the Energy Framework Law); 

▪ Law no. 4425/2016, (OJ A’185/30.09.2016), as amended by the law 4512/2018, (OJ A’5/17.01.2018) regulating the establishment and operations 

of the Energy Exchange, (the Energy Exchange Law); and 

▪ Law 4389/2016, (OJ Α’ 94/27.05.2016), regulating the quarterly electricity forward products’ auctions (the NOME Law). 

RES production is regulated by Law 3468/2006 (OJ A 129/27.06.2006, the RES Law) and targeted legislation, such as the RES Licensing Regulation (OJ B 

2373/25.10.2011). The RES support system was amended in August 2016 by Law no. 4414/2016 (OJ A’149/09.08.2016) that introduced the Feed in Premium 

(FiP) scheme. Subsequently, several Ministerial Decisions and Decisions of the Regulatory Authority for Energy (RAE) were issued for the implementation 
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of the new support system. Apart from that, renewable energy sources (RES) are eligible for a net metering scheme, mainly for PV and small wind power 

plants. In addition, a tax regulation mechanism and a subsidy scheme are available under the new Development Law. 

Τhe following RES regulatory changes are awaited in the near future:  

▪ the improvement with the second phase of RES licensing process. 

▪ a new regulatory framework exclusive for the storage solutions (currently there is none). 

▪ the inclusion of offshore projects in the framework. 

 

RES Licensing Procedure 

The first step towards the modernization of the licensing framework, so-called phase A of the reforms, was taken in 2020, with the introduction of 

amendments. A new development in terms of phase A is the entry into force on 1 December 2020 of the new Licensing Code which, among others, regulates 

the RES producer certificates. The new Licensing Code features provisions to prevent territorial overlaps among RES projects and resolve relevant disputes 

between applicants. The updates also targeted the need for clarity in the assessment of capital adequacy of RES projects. The current framework provides 

that special projects will be assessed by the Regulatory Authority for Energy (RAE) on the basis of the coverage of 10% of their budget by their own funds, 

while further granularity was provided on the documentation required to prove the capital adequacy or financing of the project. 

The licensing steps for a RES project of more than 1 MW are as follows: 

▪ Electricity Generation License – Granted by RAE for an initial term of 25 years, following the evaluation of zoning, technical and financial capability 

criteria. 

▪ Grid Connection – Issued by the competent grid operator (such as IPTO) and sets out the technical terms, budgetary estimation and conditions for 

the grid connection of the project. Becomes final and binding for 4 years on the award of the Environmental Terms Approval. A bank guarantee is 

required since 01.01.2015, in order to maintain in force a binding GCO from its signature up to the execution of the Grid Connection Agreement. 

The amount of the bank guarantee is determined according to the project’s installed capacity in the progressive scale below: 

o For the first ΜW: 42.000€/MW 

o For additional capacity between 1-10 ΜW: 21.000€/MW 

o For additional capacity between 10-100 ΜW: 14.000€/MW 

o For any additional capacity beyond 100ΜW: 7.000€/MW 

 

▪ Environmental Terms Approval – Granted by the regional state authorities or the Ministry of Energy and Environment as per project specifications, 

for an initial term of 10 years, following review of the project’s Environmental Impact Assessment study, as such study was prepared by the investor 

of the project. 

▪ Installation License – Granted by the Secretary General of the Region, wherein the project is located, for an initial term of 2 years. It may be 

extended by another 2 years after the start of construction under particular requirements. 

▪ Power Purchase Agreement – Standard text defined by Law 4414/2016. 

▪ Building Permit – Granted by the local town planning authorities following a standard application. RES projects normally enjoy a simplified licensing 

process. 

▪ Operation License – Granted by the General Secretary of the Region after the trial operation of the project, for an initial term of 20 years. Successful 

testing is required, prior to the certification of the project in operation. 

In general, the following criteria are considered for the evaluation of the application: 

▪ National security, in the case the implementation of the project may jeopardize national security. 

▪ Protection of environment and public health. 

▪ Safety of the electricity system. 

▪ The power efficiency output, as this results from the energy studies and the business plan of the applicant. 

▪ The maturity of the project implementation process, as reflected in already conducted surveys and studies. 

▪ The capacity of the applicant to implement the envisaged project, based on the applicant’s economic, scientific and technical competence. 

▪ The provision of utility services and protection of the customers, if there is such legal obligation. 

▪ The overall implementation of the project in accordance with the Special Framework for Spatial Design and Sustainable Development for RES (OJ 

B 2464/03.12.2008, soon to be amended). 

 

Grid Connection Code 

The operation of the Greek Power System is governed by the Commission Regulation (EU) 2017/1485 (SOGL), the approved terms and conditions provided 

in it, the methodologies issued by it as well as from the provisions of this Section concerning ESMIE and the relevant decisions of RAE provided in it. The 
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Hellenic Electricity Transmission System Grid Code defines the rules for the operation of the system and the rules for the settlement of the electricity 

market. The Grid Code and the relevant Manuals are available only in Greek under the following link: 

https://www.admie.gr/en/market/regulatory-framework/esmie-operation-code 

Due to system safety and reliability reasons, the design and operating specifications for wind turbines and wind power plants connected to the System 

directly or through the Network shall be set out in a technical Annex "Technical Requirements for Wind Stations", drawn up by the System Operator and 

approved by RAE. These specifications shall relate at least to the following:  

i. Frequency and voltage limits for mandatory operating capacity 

ii. Mandatory voltage adjustment capability 

iii. Voltage adjustment, operating power, and power factor 

iv. Uninterrupted operating capacity at low voltage 

v. Contribution to load-frequency adjustment 

vi. Communication with the power control centre. 

 

Based on the specifications of the Grid Code each production unit must be able to: 

▪ Operate at the nominal power for system frequencies between 49,5 and 50,5Hz. 

▪ Remain synchronized with the system in case the system frequency fluctuates between 47,5 and 49,5Hz or 50,5 and 52,5Hz for a duration of 60 

minutes. 

▪ Remain synchronized with the system in case the system frequency decreases or increases at a pace lower than 0,5Hz/sec. 

▪ Remain in operation at the minimum production level at system frequencies between 49,8 and 51Hz. 

▪ Follow SOGL additional specifications. 

▪ Remain in sync with the System during asymmetry negatively charged component according to IEC 60034-1. 

▪ Follow IEC 60034-1 standard, regarding short-circuit ratio. 

Each production unit must have the following reactive capacity power, measured at the generator terminal scales: 

Table 5. Reactive capacity power measured at the generator terminal scales. 

Voltage range Network 
Range at maximum 

continuous charge 

Range for 35% of the 

maximum continuous 

charge 

140kV to 163kV 

150kV 

Power factor from 

0,93 leading to 0,85 

lagging 

Power factor from 0,7 

leading to 0,4 lagging 

125 kV to 140 kV 

Power factor from 

1,00 leading to 0,85 

lagging 

Power factor from 0,7 

leading to 0,4 lagging 

360kV to 420kV 

400kV 

Power factor from 

0,93 leading to 0,85 

lagging 

Power factor from 0,7 

leading to 0,4 lagging 

350kV to 360kV 

Power factor from 

1,00 leading to 0,85 

lagging 

Power factor from 0,7 

leading to 0,4 lagging 

 

Summary 

In promoting a further penetration of RES in power generation the following aspect have to be improved in the Greek regulatory framework: 

▪ Simplify the existing institutional framework by reducing its complexity and arisen delays in the different procedures. 

▪ Optimize the licensing framework. 

▪ Improve the collaboration and cooperation between different institutional bodies. 

▪ Improve the observation procedures from the Regulator. 

▪ The finalization of Target Model with the introduction of Continuous Intraday Market where will compete also the RES producers and the RES 

aggregators. Till the introduction of continuous intraday they are not exposed to balancing prices, as their production is 100% compensated by the 

day ahead price 

As regards tender procedures, the development of special and common, as well as area-specific tender procedures, is already underway, and the evaluation 

of the scheme used for tender procedures in 2021 is expected to give clear directions in respect of their expansion and potential further homogenisation. 

At the same time, a significant challenge is the definition of a temporally stable framework for conducting these tender procedures with predefined 

auctioned capacity values, as well as the handling of non-optimal outcomes between the tenderers and/or selected plants. The eventual objective of these 

https://www.admie.gr/en/market/regulatory-framework/esmie-operation-code
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tender procedures is to achieve aid values that are comparable to those of other European countries and to eventually eliminate the need for operating 

aid for RES plants in operation.  

At a technical level, it is also critical for the following period to develop an appropriate institutional framework for storage units and have them participate 

in the electricity market. The participation of these units is considered to be crucial for attaining high shares of RES in the electricity market 

Offshore wind farms are expected to pose a new challenge for the regulatory framework, as the timely and integrated development of such a framework 

is a necessary prerequisite for launching these projects in the following decade.  

As regards net metering, the challenge is to gradually expand the scheme and attain higher growth rates. At the same time, however, a mechanism will 

have to be developed gradually for monitoring its impact on regulated charges. In addition to that, the provision of technical support is crucial in specific 

policy measures, such as in the case of energy communities.  

2.6 France 

Regulatory framework for electricity sector in France 

Laws through the ‘Code de l’Energie (Energy code) legislative text regulate the French energy sector. First part is a legislative part and second one a 

regulatory part. The complete text is available online on Légifrance website3. 

The legislative part is structured in eight books divided in several titles, chapters, sections and sub-sections with the relevant legislative articles as described 

hereafter. 

▪ Book 1: General organization of energy sector (Articles L100-1 A to L161-6) 

✓ Introduction title: objectives of energy policy 

✓ Title 1: Main organizational principles for energy sectors 

✓ Title 2: Public service obligation and consumer protection 

✓ Title 3: La Commission de Régulation de l’Energie (CRE) 

✓ Title 4: State role 

✓ Title 5: Dedicated rules for French overseas territories 

✓ Title 6: Measures for workers of electrical and gas enterprises 

▪ Book 2: Control of energy demand and development of renewables (Articles L211-1 to L294-1) 

✓ Title 1:General measures 

✓ Title 2: Certificates of energy savings (CEE) 

✓ Title 3: Energy efficiency 

✓ Title 4: Heating and air conditioning facilities 

✓ Title 5: Dedicated measures for vehicles 

✓ Title 6: Dedicated measures for French overseas territories 

✓ Title 7: Demand side management for electricity 

✓ Title 8: Biofuels, non-biological renewable fuels … 

✓ Title 9: Energy communities and crowdfunding 

▪ Book 3: Measures regarding electricity sector (Articles L311-1 to L 363-13) 

✓ Title 1: Electricity production 

✓ Title 2: Transmission and distribution of electricity 

✓ Title 3: Electricity supply 

✓ Title 4: Connection to electrical grid 

✓ Title 5: Measures regarding specific uses of electricity 

✓ Title 6: Dedicated rules for French overseas territories 

▪ Book 4: Measures regarding gas sector (Articles L400-1 to L461-3) 

✓ Title 1: Exploration and operation of natural gas fields 

✓ Title 2: Gas storage 

✓ Title 3: Transmission and distribution of gas 

✓ Title 4: Gas supply 

✓ Title 5: Connection to gas infrastructure and network 

✓ Title 6: Measures regarding large gas consumers 

▪ Book 5: Measures regarding hydraulic energy use (Articles L511-1 to L531-6) 

✓ Title 1: General measures for all hydraulic installations 

✓ Title 2: Measures for hydraulic installations under concession 

✓ Title 3: Measures for hydraulic installations under authorization 

▪ Book 6: Measures regarding oil, biofuels and biofluids (Articles L611-1 to L671-3) 

✓ Title 1: General measures 

✓ Title 2: Exploration and operation of oil fields 

✓ Title 3: Oil transport 

✓ Title 4: Oil refining and storage 

✓ Title 5: Oil distribution 

✓ Title 6: Biofuels 

 
3 https://www.legifrance.gouv.fr/codes/texte_lc/LEGITEXT000023983208?etatTexte=VIGUEUR&etatTexte=VIGUEUR_DIFF 
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✓ Title 7: Dedicated rules for French overseas territories 

▪ Book 7: Measures regarding heating and cold networks (Articles L711-1 to L742-3) 

✓ Title 1: Heat generation and classification of heating and cold networks 

✓ Title 2: Pipes’ location for heating and cold networks 

✓ Title 3: Heat storage 

✓ Title 4: Subscription to heat and cold delivery 

▪ Book 8: Measures regarding hydrogen (Articles L811-1 to L851-2) 

✓ Title 1: Hydrogen production 

✓ Title 2: Guarantees of origin for hydrogen and traceability 

✓ Title 3: Transport and distribution of hydrogen 

✓ Title 4: Hydrogen storage 

✓ Title 5: Hydrogen supply 

The regulatory part edicts the rules for the same topics as the legislative part within the same structuration (similar Books and Titles). The dedicated rules 

are named from R111-1 to R742-2. 

It is interesting to underline that Book 1 starts by describing the aim of the Multiannual Energy Plan (MAEP) for France updated every 5 years in order to 

reduce greenhouse gas emissions, to reduce energy consumption, to increase renewable DER production and to speed the building renovation. The French 

MAEP is discussed in the dedicated subpart for France in the fourth part of the Deliverable 2.1 of DRES2Market; the last version of French MAEP is defined 

by the Decree n°2020-456 of 21 April 20204 with objectives for 2023 and 2028 for energy consumption decrease, renewables development, EV development 

and gas storage. 

Book 1 also states the business separation between energy supply, energy production, energy distribution and energy transmission. It defines the roles of 

the French regulator named ‘Commission de Régulation de l’Energie’ (CRE); details are given in part 4 of Deliverable 2.1. It also defines the TSO and DSOs. 

Finally, it is important to underline that electricity is define as a common good and first necessity good in Book 1 of Code de l’Energie. The investment 

decisions on electrical grids must always be the best choice for the benefits of all consumer in long-term philosophy. The fees to access to electricity grid 

must be the same wherever the consumer or the producer is located in France (Article L121-5). State regulated electricity prices exist for small consumers. 

All the grid consumers (Article L122-6) support social prices of electricity for consumers in poverty. 

 

As DRES2market project is more dedicated to distributed electricity resources, focus in this part is mainly on the third books of legislative and regulatory 

parts. 

Regarding the Title 1 (Electricity production) of the legislative first book, it deals with general laws for producing electricity, laws for hydraulic and nuclear 

production, laws for electricity production by renewables and self-consumption. 

▪ Chapter 1: Legislative measures for electricity production 

✓ Section 1: General legislative measures for producing electricity (Articles L311-1 to L311-4) in order to define a new electricity production 

facility and to set rules for electricity production by public bodies and local distribution system operators 

✓ Section 2: Authorization for the operation of an electricity production facility (Articles L311-5 to L311-9). It sets criteria for authorizing a 

facility to produce electricity regarding: the efficiency of the facility, the energy source, the electricity balancing between production and 

consumption, the impact on greenhouse gases emissions (with limited yearly operation time if emissions are too high, i.e. more than 0.55 

tons of equivalent CO2 per produced MWh of electricity) and the technical and financial capabilities of the owner. A maximal power of 

nuclear power generation to 63.2 GW is also set. It also mentions a power limit under which such authorization is not mandatory; the 

power limit is different for each energy sources (Decree n°2000-877 of 7 September 2000) and is set to 4.5 MW for fossil fuel power plants, 

12 MW for geothermal and biogas systems, 12 MWp for PV installations and 30 MW for windpower plants 

✓ Section 3: Competition rules (Articles L311-10 to L311-13-6) for building and operating new electricity production facilities regarding 

geographical and energy sources criteria. Feed-In-Tariffs (FIT) or Feed-In-Premium (FIP) mechanisms remunerates the chosen candidates. 

✓ Section 4: Administrative and penal sanctions (Articles L311-14 to L311-19) 

✓ Section 5: Origin of guarantee (Articles L311-20 to L311-27) for each produced MWh, valid for 12 months and in link with the European 

directive 2018/2001 to promote renewable electricity production. In France, power plants with FIT or FIP contracts after a competition call 

(for instance call for tenders for PV or wind) could not sell any certificates of origin of guarantee. 

▪ Chapter 2: Legislative measures for hydraulic production (Articles L312-1 and L312-2) define in the dedicated Book 5. 

▪ Chapter 3: Legislative measures for nuclear production (Articles L313-1 and L313-2) in links with ‘Code de l’Environnement’ legislative text to 

manage nuclear waste. 

▪ Chapter 4: Legislative measures for electricity production from renewables 

✓ Section 1-A: Carbon notation (Article L314-1 A) to integrate a carbon notation (Life Cycle Analysis, LCA, taking into account building, 

transport, operation and end of life) in the evaluation of the proposals regarding competition framework for new electricity production 

facilities 

✓ Section 1: Feed-In-Tariffs (Articles L314-1 to L314-13). CHP plants, windmills, watermills or PV plants with peak power less than 36 kVA 

(Decree n°2016-691 of 28 May 2016) are for instance eligible for FIT contracts to be paid by a special body of EDF (EDF Obligations 

d’Achat) or local DSO (if it is not Enedis). Only one FIT contract can be signed for each renewable power plant. 

✓ Section 2: Certificates for origin of guarantee (Articles L314-14 to L314-16). For electricity production plants as PV and wind with FIT or 

FIP contracts (selected in the framework of a competition) the certificates of origin of guarantee are sold (auction mechanism) by the 

 
4 https://www.legifrance.gouv.fr/loda/id/LEGIARTI000041815580/2020-04-24/#LEGIARTI000041815580 

https://www.legifrance.gouv.fr/loda/id/LEGIARTI000041815580/2020-04-24/#LEGIARTI000041815580
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Ministry of Energy or given for free to municipal or intercommunal bodies with proper facilities of electricity production (they can 

prove a local electricity production). With a self-consumption contract, the certificates for origin of guarantee are allocated to the 

producer but he cannot sell them (it is only to prove local electricity production). 

✓ Section 3: Feed-In-Premium (Articles L314-18 to L314-27). A dedicated legislative order defines the maximal duration of FIP contract, 

but it cannot exceed 20 years. Only one FIP contract can be signed for each plant, excepting some hydraulic plants with reform program. 

The FIP should not give an excessive benefit to the operator/owner of the renewable power plant. 

✓ Section 4: Crowdfunding for renewable electricity production facilities 

✓ Section 5: Contract for renewable electricity production within experimental framework (Articles L314-29 to L314-31). It defines a 

framework for dedicated call for tenders to innovative renewable production with FIT or FIP contracts. 

✓ Section 6: Measures for electricity production from biomass (Articles L314-32 to L314-35) to set some limitations of greenhouse gas 

emissions and durability criteria. 

• Chapter 5: Self-consumption legislative framework (Articles L315-1 to L315-8). An operation of individual consumption aims consuming all or part 

of electricity produced at the same location and the electricity can be stored; the owner or the operator of the production plant could be different 

than the self-consumer and PV carport for charging EV are considered as self-consumption installation. Collective self-consumption operation 

gathers several consumers and several producers linked through a dedicated organization (Personne Morale Organisatrice (PMO) as association, 

community, association of co-owners, social housing landlord …). The connection of consumers (could either own or rent its home/office) and 

producers should be on the distribution grid and in the same building or within a limited geographical area (defined by the Ministry of Energy and 

the CRE institution). For collective self-consumption, the PMO defines the allocation of energy among the participants (by 30 min time steps and 

could be regarding number of participants, power subscription of each participant, investment of each participant …). The monitoring of electricity 

self-consumed, injected to the grid or bought from the grid is performed by DSO that is preliminary aware of the installation of a production plant 

(as for other production plant). CRE institution has defined (Deliberation n°2018-284 of 20 December 2018) a 3 kW threshold for production plant 

used for self-consumption, which injects for free (and without fees) on distribution grid the excess of local production. The CRE institution defines 

the dedicated fees for using distribution grid for consumers part of self-consumption scheme in order to reflect their specific use of the grid; these 

specific fees are defined for five years (Act 126 of law n°2019-486 of 22 May 2019) up to 31 December 2023 and their definition will be evaluated 

after this first period of five years. 

 

The Title 2 (Transmission and distribution of electricity) is dedicated to define the characteristics of each type of grid, the role and requirement for the 

operators. 

• Chapter 1: Electricity transmission 

✓ Section 1: Definition of public electricity transmission grid and licensing of operation (Articles L321-1 to L321-19). The French State licenses 

the operation of the public electricity transmission grid to a unique Transmission System Operator, which is the former part of EDF (i.e. 

RTE by a deliberation of 26 January 2012 by CRE regulator) dedicated to the operation of transmission grid. All the substations and lines of 

the grid with voltage higher than 50 kV is part of the transmission grid (some specific exceptions are allowed). 

✓ Section 2: Roles of TSO (Articles L321-6 to L321-17). The TSO is accountable for the operation and maintenance of transmission grid as well 

as its development to connect producers, consumers, storage systems, DSO substations and neighboring countries through 

interconnections. Every two years, French TSO must submit a 10 years development program for the transmission grid (with yearly 

investments) considering consumption and production forecast, National Low Carbon National Strategy & Multiannual Energy Plan (see 

Deliverable 2.1 subpart dedicated to French regulatory aspects and grid integration for DER integration) and new flexibilities technologies 

as Demand Side Management. This development scheme should be in phase with the European plan (European rules 2019/943). The TSO 

has to help the energy efficiency and connection of renewable production plant. The TSO manages the development of regional (12 regions) 

schemes (named S3REnR, for Schéma Régional de Raccordement au Réseau des Energies Renouvelables)5 for the connection of renewable 

production plants (with power higher than 250 kVA, Act law n° 2010-788 of 12 July 2010) to the electrical grid in collaboration with relevant 

DSOs and regional authorities. These schemes are developed in links with other regional schemes for climate air and energy (named 

‘Schéma Régional du Climat, de l’Air et de l’Energie’, SRCAE) to decrease climate change, to improve air quality and to optimize the local 

development of renewable energy potential (defined in ‘Code de l’Environnement’ text Article L 222-1). They give a long-term vision on 

DER development (connection capabilities, costs of grid developments validated by CRE institution, planning), permit to optimize the 

development of transmission and distribution grids and share the cost of this development among all the forecasted new DER plants (based 

on regional renewable targets, Strategy & Multiannual Energy Plan and requirements for connection). The power capability of each part 

of the electrical grid for new connection is available for consultation on https://www.capareseau.fr/. French TSO must also organize a day-

ahead declaration platform for production and consumption in order to check if it matches its proper consumption forecast and to manage 

grid balancing. Indeed French TSO is accountable for real time balancing for the national public electrical grid but also for the 

interconnections with neighboring TSOs in order to ensure security, reliability and efficiency of power supply. French TSO is also 

accountable for defining the necessary ancillary services (FCR, aFRR, mFRR, Capacity market …) and the transparent rules (approved by CRE 

institution), allowing their access to any contributors, contractualising the ancillary services supply and verifying the supply of ancillary 

services by selected participants. Any active entity on the electricity market can offer ancillary services to French TSO; they could be 

producer, demand side management operator, aggregator, storage operators … The unused power of each producer (in its day-ahead 

declaration) is available for French TSO to manage balancing markets. Any producer or consumer connected to public electrical grid and 

anybody participating on electricity market is accountable for its electricity unbalancing and should pay French TSO for that or should 

contract with a Balance Responsible Entity, which will interact financially with French TSO. For a given required balancing service, French 

TSO must prefer at the same price a Demand Side Management offer than a production offer. Finally, French TSO must certify the power 

capability of each production plant or each consumer with demand side management in order to allow them participating in ancillary 

services. 

 
5 https://www.rte-france.com/projets/les-schemas-regionaux-de-raccordement-au-reseau-des-energies-renouvelables-des-outils-0 

https://www.capareseau.fr/
https://www.rte-france.com/projets/les-schemas-regionaux-de-raccordement-au-reseau-des-energies-renouvelables-des-outils-0
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✓ Section 3: Quality of electricity (Articles L321-18 and L321-19). French TSO is accountable to respect the quality of supplied electricity; 

functional specifications define the quality criteria (frequency variations, voltage variations, voltage unbalancing, and interruption of power 

supply …). In case of emergency, French TSO could disconnect some consumers already identified (identification and power definition after 

approval of Ministry of Energy). 

• Chapter 2: Electricity distribution 

✓ Section 1: Definition of public electricity distribution grid and licensing of operation (Articles L322-1 to L322-12). The local authorities 

(municipalities, intercommunal structures, public cooperation bodies) are in charge of attributing distributing grid operation. Relevant local 

authorities own indeed public distribution grid since 1 January 2005. Local authorities can take in charge all of or part of the development 

of distribution grid. 

✓ Section 2: Roles of DSO (Articles L322-8 to L322-11). Regarding enacted technical specifications, DSO is accountable for defining and 

managing distribution grid development in order to connect consumers, producers and storage systems, for designing and building 

distribution grid, for guaranteeing a fairly connection to distribution grid, for promoting energy efficiency and DER developments, for 

monitoring electricity flows and managing linked data, and for operating distribution grid. DSOs allows the flexibility activation required by 

TSO and checks the real time electricity balancing within its distribution grid to ensure quality, reliability and efficiency. DSOs can organize 

markets or sign contracts for local ancillary services and flexibility needs after the approval of the rules by CRE institution. Every two years 

each DSO (with more than 100000 consumers) should define its development scheme of its operated distribution grid for the next 5 to 10 

years in order to be ready connecting new consumers (including EV charging stations) and producers (including DER); CRE institution must 

approve this scheme. 

✓ Section 3: Quality of electricity (Article L322-12) 

• Chapter 3: Installations of transmission and distribution grids (Articles L323-1 to L323-13). It covers the use of public lands and private areas to 

install the public electricity grid as well as the control of building new grid components (line, substation …). 

• Chapter 4: Electricity distribution to specific public authorities (Articles L324-1 and L324-2) already under license before 11 August 2004. 

The Title 3 deals with power supply (Electricity supply). Within it the chapter 5 is of interest for this report (Articles L335-1 to L335-6) as it defines the 

obligation for each electricity supplier to get certificates (of production or demand side management capabilities) covering the forecasted peak power of 

their consumers. This legal obligation permits to ensure for French TSO the security of supply for the most stressing days of the years for electricity grid. 

The certificates get by each electricity suppliers are from power capacity certified (and contracted) by French TSO and in case power capability emitted by 

a production plant the greenhouse gas emissions must never be higher than 550 g equivalent CO2 per kWh and not higher than 350 kg of equivalent CO2 

per installed electrical kW per year. 

The Title 4 is about connection rights and feeds to electrical grids (Access and connection to electrical grids). 

• Chapter 1: Access to electrical grids (Articles L341-1 to L341-5). The fees for using the public electrical grids are fairly calculated with transparency, 

they should cover the overall costs of TSO, and DSOs managed efficiently. The costs of the operators are due to: contributions to local authorities, 

R&D costs to improve electrical grids, part of connection costs for consumers and for renewable DER producers (no more than 40% of connection 

cost to distribution grid and share of participation varies regarding installed power and type of renewable energy following CRE institution decision), 

and investment costs to develop the electrical grids. The fees are named TURPE for ‘Tarif d’Utilisation des Réseaux Publics d’Electricité’ and are 

calculated by CRE institution in order to limit the electricity consumption at times when electricity demand is high. Different TURPE are calculated 

regarding the voltage of the connection to the grid. A specific TURPE is also calculated for high electricity consumers with highly predictable power 

profile. The TURPE fees covers the use of the electrical grid for any consumer or producer connected but is sometimes used to manage electricity 

consumption. Deliverable 2.1 (focus on France in Part 4) details the TURPE components; the sixth version of TURPE6 will be applied for 4 years 

starting from 1 August 2021. 

• Chapter 2: Connection to public electrical grids (Articles L342-1 to L314-12). Connection to public electrical grids includes network extension, 

development of the capacity of the grid and connection at delivery point. For renewable production plants part of a regional development scheme 

(S3REnR), only a share of the investments needed for the development of the capacity of the grid is charged to this plant. For renewable power 

plant with rated power lower than 3 kVA the connection delay should not exceed 2 months. For the other renewable power plants (power higher 

than 3 kVA) the time needed for connection after official request could not exceed 18 months. Connection costs of each DSO has to be either 

validated by CRE institution (for DSO with more than 100000 consumers) or notified to CRE institution (for DSO with less than 100000 consumers). 

• Chapter 3 (Direct electrical lines) and Chapter 4 (Closed electrical network for industrials) are dedicated for very specific cases with private network 

between production plant and consumption point. 

• Chapter 5 (Electrical grids within building) and Chapter 6 (Internal electrical distribution within a building) deals with final distribution of electricity. 

Title 5 deals with some measures regarding the use of electricity (Measures regarding electricity use) with a chapter for major consumers (regarding the 

value of the activity generated), the second chapter for storage systems (Articles L352-1 and L352-2) and the third chapter for EV charging infrastructure 

(Articles L353-1 to L353-11). It is mentioned TSO and DSOs are banned to own, to design and to operate storage systems following the requirements of the 

European regulation 2019/944 of 5 June 2019, excepting in French overseas territories. The operators of EV charging infrastructure must ensure the 

interoperability of their system and their ability to control the charging power. DSOs could not own or operate EV charging stations excepting for their 

needs. But DSOs manages the development of public EV charging infrastructures with local authorities. 

 

As mentioned previously the regulatory part of the ‘Code de l’Energie’ is organized similarly than the legislative part. The third book (Measures regarding 

electricity sector) and especially the Chapter 4 (Measures for electricity production from renewables) of the Title I (Electricity production) is particularly of 

interest for DRES2Market. It discusses the definition of the FIT and FIP categories and the beneficiaries. For the Title 2, the Chapter 1 and 2 discuss the 

 
6 https://www.cre.fr/en/Documents/Deliberations/Decision/tariffs-for-the-use-of-public-distribution-electricity-grids-turpe-6-hta-bt for low (LV) and medium voltage 
(HVA), and https://www.cre.fr/en/Documents/Deliberations/Decision/tariffs-for-the-use-of-public-transmission-electricity-grids-turpe-6-htb for high voltage (HVB) 

https://www.cre.fr/en/Documents/Deliberations/Decision/tariffs-for-the-use-of-public-distribution-electricity-grids-turpe-6-hta-bt
https://www.cre.fr/en/Documents/Deliberations/Decision/tariffs-for-the-use-of-public-transmission-electricity-grids-turpe-6-htb
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obligation of TSO and DSOs to guarantee a quality of electricity especially regarding voltage and the responsibility of each operators of the electrical public 

grid in order they are all able to fulfill the criteria defined by Ministry of Energy. 

 

Quality of electricity supply 

As discussed in the previous part, TSO and DSOs in France are accountable for the quality, the reliability and the efficiency of electricity supply. The CRE 

regulator is in charge of controlling that TSO and DSOs respect their legal obligations on electricity quality. TSO and DSOs must communicate on indicators 

on electricity quality every year and CRE institution releases report on it. 

One aspect of the quality of electricity supply is the time of power shortage with planned shortage and unplanned shortage, and long shortage (more than 

3 minutes) and short shortage (between 1 second to 3 minutes). 

Second point is the quality of voltage curve as it can damage the electrical motors / components. The different points observed are voltage drop, under 

and over voltages, harmonics, voltage flicker, phase unbalance and frequency variation. 

The European standard EN 50160 is used as the framework for defining the quality of electricity supply in France but the standard is not legally applicable 

in France as a whole. 

The main obligation proposed by TSO and DSOs for consumers in France through dedicated contracts are sum up in the following table. 

Table 6. Main obligation proposed by TSO and DSOs for consumers in France. 

Electricity 
quality 

indicator 
Contract with TSO 

Contract with DSO for 
MV (HVA) 

Contract with DSO 
for LV 

Shortage for grid 
work 

5 days in 3 years period 
2 shortages of 4 hours per 

year 
10 hours of yearly 

shortage 

Unplanned 
shortage 

Up to 1 long shortage and 5 
short shortages per year 

depending on the historical 
shortages 

Up to 6 long shortages and 30 
short shortages per year 

depending on the historical 
shortages at the location 

Not applicable 

Maximal and 
minimal mean 

voltage value for 
10 minutes 

+/- 8% of nominal voltage in 
contract for connection to 

40 to 90 kV grid 
+/- 10% of nominal voltage 

in contract for connection to 
150 kV grid 

From 200 to 245 kV for 225 
kV grid 

From 380 to 420 kW for 400 
kV grid 

+/- 5% of nominal voltage in 
contract 

+/- 10% of nominal 
voltage (230V or 400V) 

Long term 
voltage flicker 

Plt ≤ 1 Plt ≤ 1 Not applicable 

Phase unbalance τvm ≤ 2% τvm ≤ 2% Not applicable 

Frequency 

Between 49.5 to 50.5Hz 
In case of decoupling of 

French grid with European 
grid, between 47 to 52 Hz 

Between 49.5 to 50.5Hz 
In case of decoupling of 

French grid with European 
grid, between 47 to 52 Hz 

EN 50160 standard: 
between 49.5 to 50.5Hz 

for 99.5% of time in a 
year and always 

between 47 to 52 Hz 

Voltage drop Not applicable Not applicable Not applicable 

 

Requirements for producers in order to connect to public electrical grid 

The law Order of 9 June 2020 defines the technical prescription of design and operation to connect to public electrical grid7. It is the framework to define 

the connection contract between grid operators and consumers/producers. 

The nominal voltage and frequency working range are defined by the EU directive 2017/1485 of 2 August 2017; frequency nominal voltage is set to 50 Hz. 

Depending the value of the nominal voltage at connection point, the power (apparent power in LV and active power for HVA and HVB) of the production 

plant is limited as detailed in the following table. HVB grid is operated by TSO. 

 

 

 
7 https://www.legifrance.gouv.fr/loda/id/JORFTEXT000042032189/ 

https://www.legifrance.gouv.fr/loda/id/JORFTEXT000042032189/
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Table 7. Power (apparent power in LV and active power for HVA and HVB) of the production plant limits in France. 

Voltage range Nominal voltage Vn 
Possible voltage range 
for connection contract 

Pmax installed 

HVB3 400 kV 
[380 kV ; 420 kV[, 3 values 
possible during operation 

regarding TSO requirements 
No limitation 

HVB2 225 kV 
[200 kV ; 245 kV[,3 values 
possible during operation 

regarding TSO requirements 

Up to 250 MW (in some cases 
exceptions up to 100 MW) 

HVB1 63 and 90 kV 

[55 kV ; 72 kV[ and [78 kV ; 
100 kV[,5 values possible 

during operation regarding 
TSO requirements 

Up to 50 MW (in some cases 
exceptions up to 100 MW) 

HVA 20 kV 

 Up to 12 MW (in some cases 
exceptions up to 17 MW if 

direct connection to a source 
substation) 

LV 3 phases 230 and 400 V  250 kVA 

LV 1 phase 

Between 49.5 to 50.5Hz 
In case of decoupling of 

French grid with European 
grid, between 47 to 52 Hz 

 

18 kVA 

Voltage drop Not applicable  Not applicable 

 

The order of 9 June 2020 defines that any production plant connected to distribution grid (LV and HVA) should stay connected without power decrease 

higher than 5% at least 20 minutes in case of voltage variation between 0.9 Vc (included) and 0.95 Vc and between 1.05 Vc and 1.1 Vc (included); Vc is the 

contracted voltage for the connection. For production plant connected in transmission grid, it should stay connected if the nominal voltage is not under 

0.8 the nominal voltage value for 2 seconds. 

For any production plant connected to HVA grid with installed power higher than 1 MW, the producer must communicate to DSO its production plan 

(details regarding update frequency and content are defined with the DSO) and must link the production plant to the dispatch center of the DSO in order 

to exchange active and reactive power setpoints. Production plants connected to transmission grid have to communicate to TSO the active and reactive 

power measurements and the availability of the production plant. The TSO could set reactive (secondary voltage control) and active power (secondary 

frequency control, FRR) for production plants connected to HVB2 and HVB3. TSO should be able to modify the setpoint of any production plans (primary 

voltage control) connected to HVB1 grid to ensure the reliability of the grid. 

On HVA grid, the coupling and decoupling speed should be at 4MW/min by default and must not exceed 8MW/min. The voltage variation when coupling 

or decoupling a production plant on HVA, HVB1 and HVB2 grids must not exceed 5% of voltage value (3% for HVB3 grid). 

Voltage flicker created by the production plant must be managed in order that at delivery point short term voltage flicker Pst ≤ 1 for HVB1 and HVB2 

electrical grids (0.6 for HVB3 grid) following standard CEI 61000-4-15. For production plant connected in HVA grid it is mandatory to manage voltage flicker 

in order that at delivery point the long term voltage flicker Plt ≤ 1. 

Harmonics, phase unbalance, short-circuit current, earthing connection and protections (decoupling in case of defaults) are also discussed in the Order of 

9 June 2020. 

 

Above these specific requirements for France, the production plants connected to French public electrical grid must satisfy the requirements from EU 

regulation n°2016/631. The involved production plants are from 0.8 to 1 MW (Type A), from 1 to 18 MW (Type B), from 18 MW to 75 MW (Type C) and 

above 75 MW (Type D) if connection voltage is under 110 kV. If connection voltage to electrical grid is above 110 kV, the Type is D. 

For instance, a production plant should stay connected to the grid for a specified duration even in case of frequency variation following the values in the 

next table. In France these values have to be respected even for production plants not included in European regulation 2016/631. 

Table 8. Minimal duration of connection for a production plant in case of frequency variation. 

Frequency range 
Minimal working 

duration 

[47.5 Hz ; 48.5 Hz[ 30 minutes 

[48.5 Hz ; 49 Hz[ 30 minutes 

[49 Hz ; 51 Hz[ unlimited 

[51 Hz ; 51.5 Hz[ 30 minutes 
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Regarding EU n°2016/631, the full activation of FCR power is set for a frequency variation of 200 mHz and a dead band of +/-10 mHz around 50 Hz is set. 

At least 2.5% of active maximal power could be activated for FCR upward and downward. The full power response for FCR should be delivered in 30 seconds 

for at least 15 minutes, and the activation time is less than 2 seconds (for synchronous power plants) or 500 ms (for asynchronous power plants). 

Additional requirements are set regarding PQ capabilities, voltage variation acceptance at delivery point, voltage drop acceptance … 

 

Ancillary services market in France 

As requested by French legislation, French TSO (RTE) is accountable for designing and managing ancillary services in France regarding frequency and voltage 

reserves. All the rules are promulgated by RTE and are available online8. 

FCR 

In France FCR (Frequency Containment Reserve) is also named Primary regulation reserve. Offering FCR capabilities in France is organized since January 

2017 through a common market with Germany, Belgium, the Netherlands, Austria, Switzerland, Slovenia and western Denmark9 supported by ENTSO-e. 

The products are usually 4 hours products and must be symmetric (upward and downward FCR are procured together, except for demand side management 

entities than can be aggregated to production entities). Auction gate closes the day ahead at 8:00 CET (and open in D-14 at 11:00 CET). The minimum bid 

size is 1 MW and resolution is 1 MW as well. Export limitations are taken into account as limitations of the FCR market by algorithms, and a minimum 

volume of FCR is allocated to each country. 

A production plant above 40 MW in France should have the ability to provide +2.5% and -2.5% of its nominal power for FCR. But it is not mandatory to 

participate to FCR market; FCR participation becomes mandatory only when there is not enough bid for French FCR share in the market. The frequency 

deadband (no reaction to frequency variation) is set to +/- 10 mHz around 50 Hz. The full power response for FCR should be delivered in 30 seconds (50% 

at 15 seconds) for at least 15 minutes. French TSO, RTE, prefers a maximal duration of 15 minutes instead of 30 minutes. FCR activation is automatic (based 

on frequency variation) and the expected response is 𝐾 ∗ (50 − 𝑓), where f is the frequency and K is the gain such as the entity delivers its full bid FCR 

power for a frequency variation of +/- 200 mHz as defined in EU directive 2017/1485 and EU n°2016/631. 

 

aFRR 

aFRR (as defined in EU 2017/1485, for Automatic Frequency Restoration Reserve) is also named secondary reserve in France. It aims at automatically 

restoring balance between production and consumption within RTE’s control area (i.e France) once FCR is activated. 

The definition of a market for aFRR is currently discussed in France in the framework of the PICASSO (Platform for the International Coordination of 

Automated frequency restoration and Stable System Operation) project endorsed by ENTSO-e market committee10. This project aims to develop a European 

platform for the exchange of balancing energy for aFRR in accordance with the Article 21 of the EU regulation 2017/2195 of 23 November 2017 (Guideline 

for electricity balancing, or EBGL). It is expected to have upward products, downward products or symmetric products with daily tenders. Entities with 

limited duration reserve (as instance storage or EV charging stations) should be qualified for this new aFRR market. 

Waiting for Picasso application, any production plant in France with power higher than 120 MW is mandatory to participate to aFRR in France with +4.5% 

of nominal power upward and -4.5% of nominal power downward power capabilities for any given working point. It has to be symmetrical. The mandatory 

production entities have to send their program at 4pm the day before and French TSO (RTE) communicates them at 5 pm the same day their requirements 

for aFRR the next day. These requirements are proportional to their contribution to France total electricity generation for each electricity market time step. 

The balancing energy is paid by RTE to the entities at a regulated price corresponding to SPOT price. 

The expected response of each entity is proportional to a reference signal periodically sent by French TSO (RTE) with values between -1 (100% of downward 

requested power) and +1 (100% of upward requested power) and named signal NRFSP. The full activation time (FAT) should not exceed 400 seconds or 130 

seconds for emergency scenarios (response time at 60 seconds). There is no maximal duration set. In PICASSO project a response time of 300 seconds is 

discussed. 

 

mFRR 

Manual Frequency Restoration Reserve, or mFRR as defined by EU 2017/1485, is also named rapid reserve in France. They aim at overcoming potential 

deficiencies in aFRR reserve in case of fast growing imbalance between production and consumption. But they also aim to release aFRR reserves while 

restoring consumption/production balance in the electrical system in case of slow variations of this balance. 

For the moment, contracting of mFRR in France is performed through annual tendering for a period of 1 year for products with 13 minutes of activation 

time. Four products are art of this call-for-tender: one for delivery period between 15 min to 30 min, second one for delivery period between 15 min and 

 
8 Règles Services Système Fréquence – January 2017 - 
https://www.concerte.fr/system/files/concertation/20160706%20Projet%20r%c3%a8gles%20services%20syst%c3%a8me%20fr%c3%a9quence.pdf 
9 https://www.entsoe.eu/network_codes/eb/fcr/ 
10 https://www.entsoe.eu/network_codes/eb/picasso/ 

https://www.concerte.fr/system/files/concertation/20160706%20Projet%20r%c3%a8gles%20services%20syst%c3%a8me%20fr%c3%a9quence.pdf
https://www.entsoe.eu/network_codes/eb/fcr/
https://www.entsoe.eu/network_codes/eb/picasso/
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60 min, third for delivery period between 60 to 90 minutes and last one for delivery period between 60 to 120 minutes. It is estimated that the decision to 

activate mFRR is taken about 2 minutes after an incident on electrical grid, hence mFRR products are available 15 minutes after this incident. 

In accordance with EU regulation 2017/2195 of 23 November 2017, French TSO (RTE) takes part in the discussion on a European platform for mFRR market 

named MARI (Manually Activated Reserve Initiative). 

 

RR 

Restoration Reserve, or RR as defined by EU 2017/1485, are also named complementary reserve in France. RR aims at overcoming potential shortages in 

mFRR reserves. As for mFRR, French TSO (RTE) organizes annual tendering for a period of 1 year. The full activation time (FAT) must be 30 minutes. Three 

products are defined: first one for delivery period of 30 minutes, second one for delivery period of 60 minutes and third one for delivery period of 90 

minutes. 

Following EU regulation 2017/2195 of 23 November 2017, French TSO (RTE) participates since 2013 on a project of a European platform for RR market 

named TERRE (Trans European Replacement Reserves Exchange). TERRE aims to replace BALIT (Balancing Inter-DSO) mechanism to contract bilateral 

exchange of balancing energy between TSO of Spain, Portugal, United-Kingdom and France. The first products within TERRE platform for French TSO (RTE) 

were exchanged the 2 December 2020. It is planned that the full working of TERRE platform for RTE will be available during 2021 with an hourly auction 

desk for a whole week. 

 

Voltage/Reactive Regulation services 

Such services are necessary to French TSO (RTE) to manage voltage on the transmission grid (not directly on the distribution grid). For each network node, 

a voltage setpoint is determined considering the location of the power sources and the grid topology. The most relevant operation of transmission grid is 

calculated to ensure safe power flows. 

RTE aims also to decouple as far as possible the voltage of each voltage level of the transmission grid by using reactive power compensation devices and 

on load tap changers (OLTC). It incites consumers to install passive means of reactive power compensation (mostly capacitors and sometimes inductors) 

as close as possible of their loads. 

In addition, and as mentioned in the previous part, all the production plants connected to transmission grid and with a constructive capacity for automatic 

voltage regulation have to make it available for French TSO. They are used for primary voltage regulation (for production plants connected on HVB1) and 

for both primary and secondary voltage regulations (for production plants connected on HVB2 and HVB3). Other production plant not mandatory for such 

Voltage/Reactive Regulation services but with capability to do it can offer its service to RTE. 

 

Three types of primary voltage regulation are defined. The Type 1 consists on setting a constant value for reactive power (or tan ϕ) at the delivery point. 

A second type of primary voltage regulation is to calculate a setpoint for reactive power Q based on the difference between the voltage value at the delivery 

point UPoD and a defined setpoint voltage value Usp (𝑄 =  
1

𝜆
× (𝑈𝑃𝑜𝐷 − 𝑈𝑠𝑝). The third primary voltage control type is defined for production entities 

participating also in secondary voltage control with a voltage regulation at delivery point. 

 

The secondary voltage control linked to this third type of primary voltage regulation consists in controlling the voltage value of a specific and representative 

node of an area of the transmission grid (divided in multiple voltage areas). The regional dispatch center of RTE generates a control signal K for this 

representative point and it is translated into voltage setpoints for each of the production plant of the area. 

Another secondary voltage control exists and is named Coordinated Secondary Voltage Regulation. It has been defined due to the increasing interactions 

between the voltage areas of the previous secondary voltage control. It makes possible to adjust the voltage plan globally over a large region (several 

areas) with several setpoints. Up to now, Coordinated Secondary Voltage Regulation is only used in the west part of France, which is more sensitive to 

voltage issues. 

Technical documentation of RTE defines requirements in terms of response time for entities participating to secondary voltage control. With Qn the rated 

reactive power of the entity (as stated within the contract to connect to the public electrical grid), a minimal variation of 6% of Qn is requested by minute 

to reach the requested setpoint. In case of not a setpoint but a ramp consign (which should be below 12% of Qn per minute), the entity should response to 

this kind of secondary voltage control in less than 60 seconds11. 

  

 
11 Documentation Technique de Référence Chapitre 4 – Contribution des utilisateurs aux performances du RPT Article 4.2.1 – Réglage de la tension et capacités 
constructives en puissance réactive des installations de production – Version 3 January 2014 - https://services-rte.net/files/live/sites/services-
rte/files/pdf/Systeme%20tension/01-01-14_article_4-2-1__v3.pdf 

https://services-rte.net/files/live/sites/services-rte/files/pdf/Systeme%20tension/01-01-14_article_4-2-1__v3.pdf
https://services-rte.net/files/live/sites/services-rte/files/pdf/Systeme%20tension/01-01-14_article_4-2-1__v3.pdf
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3. Current European market rules for renewables integration 

In order to harmonise and liberalise the EU’s internal energy market, measures have been adopted since 1996 to address market access, transparency and 

regulation, consumer protection, supporting interconnection, and adequate levels of supply. These measures aim to build a more competitive, customer-

centred, flexible, and non-discriminatory EU electricity market with market-based supply prices12. 

In Europe, there is a sequence of electricity markets that starts years before the actual delivery takes place and continues up to real time. Thanks to a 

regulatory process driven by European Union institutions, most countries now have a very similar sequence of electricity markets. Some of these markets 

have already evolved from national markets into European markets, while others remain national or regional. 

Since the first European directive on common rules for the internal market in electricity (Directive 96/92/EC, 199613), these European internal markets 

have been progressively implemented throughout the European Union by organising competitive electricity markets across country borders to deliver real 

choice for all Union final customers. The successive legislative packages (and more recently the 'Clean Energy Package') contributed to further strengthening 

the foundations of the Internal Electricity Market.  

 

 

Figure 2. European electricity markets. Source: OMIE  

 

The scope of this analysis corresponds to the electricity markets that occur in the short term in Europe focused on the physical/spot market with the aim 

of knowing the main features and standards of negotiation in these markets.  

 

Table 9. Short-term European electricity markets. Source: OMIE 
 

Market  Market Definition 
European 

Project 
Background Status 

Day-ahead 
market (SDAC) 

Every day of the year at 12:00 CET is the day-ahead market session where prices and 
electrical energies are set for across Europe for the twenty-four hours of the next day. 
The price and volume of energy at a specific hour are established by where supply and 
demand intersect, following the model agreed upon and approved by all the European 
markets. [7] 

Price Coupling of 
Regions (PCR 

project) 

The aim of Single Day-
ahead Coupling (SDAC) is 

to create a single pan 
European cross zonal day-
ahead electricity market. 

Production 

(Since 

February 

2014) 

Intraday Auction 
Market (auction 

SIDC) 

IDAs shall be organised as implicit auctions where collected orders shall be matched, 
and cross-zonal capacity shall be allocated simultaneously for different bidding zones. 
IDAs shall consider all valid orders submitted for the respective auctions and determine 
a clearing price for the relevant bidding zones based on matched orders. Cross-zonal 
capacity shall not be allocated to an IDA and continuous trading at the same time. For 
this purpose, the cross-zonal trade and cross-zonal capacity allocation within the 
continuous SIDC shall be suspended and during this suspension all the available cross-
zonal capacity shall be allocated through the IDA [8]. 

IDA’s 

Complementary regional 
auction as a pricing 

mechanism for cross zonal 
capacity in the intraday 

timeframe. 

Developing 
(Estimated 

January 2023) 

 
12 www.n-side.com. PCR & EUPHEMIA algorithm, the European Power Exchanges project to couple electricity market. https://www.n-side.com/pcr-euphemia-algorithm-
european-power-exchanges-price-coupling-electricity-market/ 
13 Directive 96/92/EC of the European Parliament and of the Council of 19 December 1996 concerning common rules for the internal market in electricity. EUR-Lex - 
31996L0092 - EN - EUR-Lex (europa.eu) 

https://www.n-side.com/pcr-euphemia-algorithm-european-power-exchanges-price-coupling-electricity-market/
https://www.n-side.com/pcr-euphemia-algorithm-european-power-exchanges-price-coupling-electricity-market/
https://eur-lex.europa.eu/legal-content/ES/ALL/?uri=CELEX:31996L0092
https://eur-lex.europa.eu/legal-content/ES/ALL/?uri=CELEX:31996L0092
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Intraday 
Continuous 

Market 
(continuous 

SIDC) 
 

The intraday continuous market gives market agents the chance to manage their energy 
imbalance. Agents can benefit from the liquidity available in markets in other areas of 
Europe, given that cross-border transportation capacity is available between the zones. 
The adjustment can be made up to one hour before the moment of delivery. The 
purpose of this market is to facilitate the trade of energy between different areas of 
Europe continuously and to increase the global efficiency of transactions on the intraday 
markets across Europe.14 
 

Cross - Border 
Intraday Initiative 

(XBID Project) 

Single Intraday Coupling 
(SIDC) creates a single EU 

cross-zonal intraday 
electricity market. 

Production 
(Since June 

2018) 

 

 

3.1 Day-ahead market (SDAC) 

SDAC is an initiative between the Nominated Electricity Market Operators (NEMOs) and Transmission System Operators (TSOs) which – in the framework 

of CACM implementation – enables cross-border trading across Europe via implicit auctions for delivery of power for the following day. The aim of Single 

Day-ahead Coupling (SDAC)15 is to create a single pan European cross zonal day-ahead electricity market. An integrated day-ahead market will increase the 

overall efficiency of trading by promoting effective competition, increasing liquidity and enabling a more efficient utilisation of the generation resources 

across Europe. 

Day-ahead market coupling requires processing input from all involved NEMOs and TSOs – essentially bids and offers and network capacities and constraints 

– matching them by operating one single algorithm, and lastly validating and sending outputs, such as matched trades, clearing prices, and scheduled 

exchanges, to NEMOs and TSOs. These procedures occur within precise and tight timelines, while ensuring optimal economic solutions (maximizing social 

welfare), high performance, and robustness. This efficiency gain is achieved through Price Coupling of Regions (PCR), a project of European Power 

Exchanges to develop a single price coupling solution to be used to calculate electricity prices across Europe, respecting the capacity of the relevant network 

elements on a Day-Ahead basis.  

The European day-ahead market allows agents to make their offers to buy and sell energy for 24 hours the next day. The auction that determines the price 

and volume of electricity for each hour of the following day is held every day of the year at 12:00 noon CET; this is per the marginal model agreed on by all 

European markets which is served by 27 countries. In total, 35 TSOs and 17 NEMOs cooperate under the agreement that governs the SDAC, namely the 

day-ahead operational agreement.  

Table 10. SDAC parties involved. June 2021. 

NEMOs 
BSP, CROPEX, SEMOpx (EirGrid and SONI), EPEX, EXAA, GME, HEnEx, 
HUPX, IBEX, Nasdaq, Nord Pool, OMIE, OKTE, OPCOM, OTE, and TGE. 

TSOs 

50Hertz Transmission, ADMIE, Amprion, APG, AST, ČEPS, Creos, 
EirGrid, Elering, ELES, ELIA, ELSO, ESO, Fingrid, HOPS, Litgrid, MAVIR, 
PSE, REE, REN, RTE, SEPS, SONI, Statnett, Svenska Kraftnät, TenneT DE, 
TenneT NL, Terna, Transelectrica, and TransnetBW. 

Countries 
MRC (Multi-Regional Coupling[1]): PT, ES, FR, IT, DE, BE, NL, LU, UK, IE, 
AT, SI, HR, BG, GR, PL, LT, LV, EE, FI, SE, DK, NO 
4MMC (Multi Market Coupling): HU, CZ, SK, RO 

 

 

  

 
14 Single Intraday Coupling (SIDC) (entsoe.eu) 
15  Single Day-ahead Coupling (SDAC) (entsoe.eu) 

https://www.entsoe.eu/network_codes/cacm/implementation/sidc/
https://www.entsoe.eu/network_codes/cacm/implementation/sdac/
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The SDAC geographical scope and extensions roadmap from the first go live to the present has undergone significant changes:  

 

 

Figure 3. SDAC roadmap. Source: OMIE based on ENTSOE info 
 

It is foreseen that in a next step the border between Romania and Bulgaria will be included in the SDAC. The go-live window is scheduled for late Q3, 

beginning Q4 2021.  

In the first half of 2022, Flow-based implicit allocation will be implemented for the Core Capacity Calculation Region in the framework of the Core Flow-

Based Market Coupling Project, being the target solution required by regulation. 

 

Figure 4. PCR Application NEMOs (June 2021). Source : ENTSOE 
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Table 11. Day ahead market characteristics. Source: OMIE 
 

Market Day ahead market, Single Day-Ahead Coupling (SDAC) 

European project Price Coupling of Regions (PCR) 

Pricing Method Marginal auction 

Algorithm 
The algorithm EUPHEMIA (acronym of Pan-European Hybrid Electricity Market 
Integration Algorithm) calculates day-ahead electricity prices across Europe and 
allocates cross border transmission capacity on a day-ahead basis. 

Market call Daily auction (12:00 CET)  

Bidding period No opening gate. Closing time at 12:00 CET on the day before delivery 

Main features 

Volume of energy (MWh) for each hour of the 24 hours of the next day. 
- Granularity: hourly. 
- Minimum Quantity to bid: 0,1 MW. 
- Maximum Quantity to bid: No constraint. 
- Price Tick: 0,1 €/MW. 
- Minimum bid price: -500 €/MWh 
- Maximum bid price: +3.000 €/MWh. 

 

The day-ahead market is the global electricity market in Europe through which the largest volume of energy is traded daily, regionally and cross-border 

through interconnections of the different participating countries. Some of the main key statistics: 

▪ 98,6% of EU consumption is coupled 

▪ 1.530 TWh/year coupled in one market solution 

▪ 200 M€ average daily value of matched trades 

▪ 17 minutes to solve a large and complex optimization problem 

 

Figure 5. Average prices in the European price areas for 2020 in€/MWh. Source: OMIE 
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Figure 6. Day ahead energy negotiated by the main European market operators. Source: OMIE 

 
 
 

3.2 Single Intraday Coupling (SIDC) 

Intraday continuous market 

Single Intraday Coupling (SIDC) is an initiative between Nominated Electricity Market Operators (NEMOs) and Transmission System Operators (TSOs) which 

enables continuous cross-border trading across Europe. In simple terms, buyers and sellers of energy (market participants) are able to work together across 

Europe to trade electricity continuously on the day the energy is needed. 

An integrated intraday market makes intraday trading more efficient across Europe by: 

▪ promoting competition 

▪ increasing liquidity 

▪ making it easier to share energy generation resources 

▪ making it easier for market participants to allow for unexpected changes in consumption and outages 

As renewable intermittent production such as solar energy increases, market participants are becoming more interested in trading in the intraday markets. 

This is because it has become more challenging for market participants to be in balance (i.e. supplying the correct amount of energy) after the closing of 

the day-ahead market. 

Being able to balance their positions until one hour before delivery time is beneficial for market participants and for the power systems alike by, among 

other things, reducing the need for reserves and associated costs while allowing enough time for carrying out system operation processes for ensuring 

system security.  

To accomplish SIDC, 30 TSOs and 15 NEMOs work in close collaboration: 

Table 12. SIDC parties involved. June 2021. 

NEMOs 
BSP, CROPEX, EirGrid, EPEX SPOT, GME, HEnEx, HUPX, IBEX, Nord 
Pool, OKTE, OMIE, OPCOM, OTE, SONI and TGE. 

TSOs 

50HERTZ, ADMIE, AMPRION, APG, AST, ČEPS, CREOS, EirGrid, 
ELERING, ELES, ELIA, ELSO, ESO, FINGRID, HOPS, Litgrid, MAVIR, PSE, 
REE, REN, RTE, SEPS, SONI, STATNETT, SVENSKA KRAFTNÄT, TenneT 
DE, TenneT NL, TERNA, TRANSELECTRICA and TransnetBW. 

Countries 
First go live (June 2018): PT, ES, FR, DE, BE, NL, LU, UK, AT, LT, EE, FI, 
SE, DK, NO 
Second go live (November 2019): HR, CZ, BG, HU, PL, RO, SI 

 

The SIDC geographical scope and extensions roadmap from the first go live to the present has undergone several phases also referred to as waves. The 

first go-live of the intraday continuous trading platform was in June 2018 across 15 countries. A second go-live with seven further countries was achieved 

in November 2019. A third wave including Italy is foreseen for Quarter 3 of 2021 and the scope may expand beyond that shown. 

https://www.entsoe.eu/network_codes/cacm/implementation/sadc/
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Figure 7. SIDC Go-Live. Source: ENTSOE. 

 

The SIDC, is a continuous market, with trading taking place every day around the clock until one hour before delivery, and in some cases right up until the 

delivery hour. There are different products according to the granularity of the market area. 

▪ 30-min products are currently tradable across the borders FR-DE, FR-BE and BE-NL. 

▪ 15-min* products are currently tradable across the borders BE-NL, BE-DE, NL-DE, AT-DE, AT-HU, AT-SI and HU-RO.  

*The availability of 15-minute products across other market areas will further expand in the future. 

 

Figure 8. SIDC products. Source: ENTSOE 

 

Table 13. Continuous Intraday market characteristics. Source: OMIE 

Market Intraday Continuous Market (Continuous SIDC) 

European Project XBID – Cross-Border Intraday 

Pricing Method 

Sale and purchase orders will be sent through the LTS (Local Trading Solution) 

of each Market Operator. When a Market Agent sends an order and is correctly 

validated by OMIE, it is sent to XBID where it will be stored in the Order Book, it 

will be discarded and/or the matching will be carried out (trade). This matching 

will be carried out in accordance with the requirements established for XBID 

based on the European Regulation 2015/1222 (CACM). In the event of a 

matching, the result will be communicated to the Agent and the list of local 

orders will be updated. 

Platform LTS (Local Trading Solution) 
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Market Frequency 

Delivery hours are 24/7 divided by 3 products according to bidding zone: 

• Hourly: the product supports trading in 24 power contracts, one for 
each hour of the calendar day. The system automatically generates 
these contracts and makes them available for trading one day before 
the delivery day at a specified time.  

• Half-hourly: the product supports trading in 48 power contracts, one 
for each half-hour of the calendar day. The system automatically 
generates these contracts and makes them available for trading one 
day before the delivery day at a specified time. 

• Quarter-hourly: the product supports trading in 96 power contracts, 
one for each 15- min slot of the calendar day. The system automatically 
generates these contracts and makes them available for trading one 
day before the delivery day at a specified time. 

Bidding period 
Gate opening time (GOT): 15:00am day before and gate closure time (GCT): h- 

60 min/ 30 min/ 5 min according to bidding zone  

Main features 

Volume of energy (MWh) for a contract depending on the granularity. 

• Order types: fill-matching, all-or-nothing, fill-or-kill, iceberg order and 
block order. 

• Granularity: hourly/30-min/15-min (according to bidding zone). 

• Minimum Quantity to bid: 0,1 MW. 

• Maximum Quantity to bid: No constraint. 

• Price Tick: 0,1 €/MW. 

• Minimum and maximum bid price: -9.999 €/MWh and 9.999 €/MWh. 

 

Since the market began in 2018, a favorable evolution has been observed year after year, experiencing growth in liquidity and the participation of new 

agents, achieving a solid and increasingly mature market: 

 

 

Figure 9. Number of trades per quarter (year) – SIDC. Source: Own elaboration based on ENTSOE data source 

 

Intraday auction market 

On 25 January 2019, ACER issued a decision (No 01/2019)16: to complement the already existing single intraday coupling based on continuous trading with 

three pan-European implicit auctions to price cross-zonal capacity. This methodology establishes a pricing mechanism for cross-zonal capacity in the 

intraday timeframe and has been developed in accordance with Article 55 of the CACM Regulation17.   

Based on this decision, all TSOs amended the intraday algorithm requirements to introduce the principle of the capacity pricing and submitted this new 

proposal to the NEMOs two months after ACER’s decision (March 2019). All NEMOs were involved in the process of taking this change into account and 

updated the requirements in the amended algorithm methodology on that basis and submitted it by August 2019.  

All NEMOs in collaboration with all TSOs are working on the finalisation of a high-level design for the implementation of Intra Day Auctions, complying with 

ACER’s decision on Intraday Cross Zonal Capacity Pricing. The elaboration of the Terms of reference of IDA commenced in 2020. 

 
16 ACER Decision 01-2019 on intraday cross-zonal capacity pricing methodology 
17 Commission Regulation (EU) 2015/1222 of 24 July 2015 establishing a guideline on capacity allocation and congestion management. COMMISSION REGULATION (EU) 2015/ 1222 - of 24 July 

2015 - establishing a guideline on capacity allocation and congestion management (europa.eu) 

https://www.acer.europa.eu/Official_documents/Acts_of_the_Agency/Individual%20decisions/ACER%20Decision%2001-2019%20on%20intraday%20cross-zonal%20capacity%20pricing%20methodology.pdf
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32015R1222&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32015R1222&from=EN


 
 

 

 
                                        Project funded by European Union’s Horizon 2020 
research and innovation program under the Grant Agreements n 952851 

  Page: 38 

 
  

 

   

 

These pan-European implicit auctions are known as “IDAs”, which means the implicit intraday auction trading session for simultaneously matching orders 

from different bidding zones and allocating the available intraday cross-zonal capacity at the bidding zone borders by applying a market coupling 

mechanism. 

According to the Algorithm Methodology IDAs18 by 1 January 2023, all NEMOs shall organize and operate the IDAs. 

 

Table 14. Intraday auction market characteristics. Source: OMIE 

Market Intraday Auctions Market 

Pricing Method Marginal Price 

Algorithm 
The auction algorithm will be based on "Euphemia”19 and it will give a single 

clearing price for each bidding zone and MTU in EUR/MWh 

Market frequency 
- 15:00 CET day-ahead 
- 22.00 CET day-ahead 
- 10:00 CET within-day 

Bidding period 

Three auctions: 

- One IDA shall be held on the day D-1 for all MTUs of the delivery day D, i.e., 

from the first auction MTU starting at 00:00 until the end of the delivery day D, 

with a deadline for bid submission at 15:00 market time D-1. 

- One IDA shall be held on the day D-1 for all MTUs of the delivery day D, i.e., 

from the first auction MTU starting at 00:00 until the end of the delivery day D, 

with a deadline for bid submission at 22:00 market time D-1. 

- One IDA shall be held on the delivery day D for all remaining MTUs of the 

delivery day D, i.e., from the first auction MTU starting at 12:00 until the end of 

the delivery day D, with a deadline for bid submission at 10:00 market time D. 

Features 

Product: Volume of energy (MWh) for a period time less than one day and 
Product granularity: hourly, half-hourly or quarter-hourly. 
Execution auction time: Under normal operations, the IDA shall be completed 
and publish results no longer than 20 minutes after the deadline for bid 
submission 

 

 

According to the definition of “electricity markets” in article 2 of the current European energy directive (Directive EU 2019/94420), electricity markets mean 

markets for electricity, including over-the-counter markets and electricity exchanges, markets for the trading of energy, capacity, balancing and ancillary 

services in all timeframes, including forward, day-ahead, and intraday markets. 

As for Regulation (EU) 2019/94321 on the internal electricity market, it establishes a new design for the European electricity market. This design is based 

on an integrated “energy-only” cross-border market, open to all resources with greater temporal granularity. This market ensures coverage of demand, 

through signs of scarcity that form in short-term markets and spread to the forward market, favoring the necessary investments. At the same time, the 

freedom to enter and exit the market, along with consumers’ ability to participate in the wholesale market and supply themselves through self-

consumption facilities, indicates a new paradigm that is more participatory, more dynamic, and interconnected.  

This new Regulation considers the internal market to be the proper tool for integrating renewable energy and managing the volatility inherent to renewable 

resources and for this reason new market mechanisms such as local flexibility markets are being developed in Europe. 

Table 15. European local flexibility markets. Source: OMIE  
 

Market  Market Definition Market platforms 

Local Flexibility 
Markets 

local flexibility markets for electricity will enable distributed energy resources (short DER, e.g. storage 
operators, demand response actors, electric vehicles, end users, (renewable) power plants) to provide their 
flexibility in electricity demand or production/feed-in for a counterparty at a local level. 

Piclo Flex 
IREMEL 
NODES 

Cornwall LEM 
GOPACS 
ENERA 

 
18 Methodology for the price coupling algorithm, the continuous trading matching algorithm and the intraday auction algorithm. Microsoft Word - 20200110 ACER Decision on Algorithm - Annex I 

- Algorithm methodology (europa.eu) 
19 PCR & EUPHEMIA algorithm, the European Power Exchanges project to couple electricity market! | N-SIDE 
20 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. EUR-
Lex - 32019L0944 - EN - EUR-Lex (europa.eu) 
21 21 Regulation (EU) 2019/943 of the European Parliament and of the Council of 5 June 2019 on the internal market for electricity. EUR-Lex - 32019R0943 - EN - EUR-Lex (europa.eu) 

https://extranet.acer.europa.eu/Official_documents/Acts_of_the_Agency/Annexes%20to%20the%20DECISION%20OF%20THE%20AGENCY%20FOR%20THE%20C5/ACER%20Decision%20on%20Algorithm%20-%20Annex%20I%20-%20Algorithm%20methodology.pdf
https://extranet.acer.europa.eu/Official_documents/Acts_of_the_Agency/Annexes%20to%20the%20DECISION%20OF%20THE%20AGENCY%20FOR%20THE%20C5/ACER%20Decision%20on%20Algorithm%20-%20Annex%20I%20-%20Algorithm%20methodology.pdf
https://energy.n-side.com/pcr-euphemia-algorithm-european-power-exchanges-price-coupling-electricity-market/
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32019L0944
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32019L0944
https://eur-lex.europa.eu/legal-content/EN/TXT/?toc=OJ%3AL%3A2019%3A158%3ATOC&uri=uriserv%3AOJ.L_.2019.158.01.0054.01.ENG
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3.3 Emerging Local flexibility markets 

As a culmination of the long process of negotiating the “Clean Energy for all Europeans22” package, Directive (EU) 2019/94423 on common rules for the 

internal electricity market, Regulation (EU) 2019/94324 on the internal electricity market, and ACER Regulation (EU) 2019/94225 were finally published on 

June 14, 2019. The adoption of this regulation has constituted an ambitious update to European regulation of the electricity market. 

This new regulation globally encompasses the design of the electricity market to, among other things, facilitate a higher introduction of renewable energies 

into the electricity system, empower and protect consumers, and promote greater participation from them in the markets. Furthermore, from a governance 

perspective, decision-making regarding the internal electricity market is increasingly carried out at the community level. 

The new Directive (EU) 2019/944 highlights the provisions that explicitly recognize and reinforce the role of demand participation in the market, especially 

through the figure of the “aggregator.” 

This energy transition process will only be possible with active participation from citizens. All of the energy markets, especially electricity, are witnessing a 

much more proactive consumer presence. This is also the case for the EU, whose “Clean Energy for All Europeans” package puts consumers at the heart of 

the transformation that the energy sector must undergo by 2030 and 2050. More participatory consumers are responding to the figure that, in many areas, 

has presented itself as a “prosumer” - that is, a consumer who will be able to manage their consumption more efficiently and sell potential surplus electricity 

on the market. 

In this regard, all interest groups agree that a new electricity sector is being set up, where market operators, system operators and distributors will be 

called on to play a much more important role through new platforms that will value the flexibility of all agents.  

Table 16. European Local flexibility market platforms. June 2021. Source: OMIE 

Market Description Owner Country Status Dates 

Piclo Flex26 

Piclo’s aim is to help DSOs source demand-side flexibility to reduce network 
congestion. They are an independent company and have been supported by 
BEIS funding. Any assets that can provide demand-side flexibility are able to 

upload to Piclo’s platform, including electric vehicles. 

Piclo 
United 

Kingdom 
Production 

2019 - 
present 

IREMEL*27 

Local Markets (energy negociation convened by short-term DSO requirements 
and continuous free negotiation between individuals in a specific zone) and 
Flexibility Services (capacity auctions convened at the request of the DSO in 
the long term with the agreement to participate in the zone when the Local 

market is required). 

OMIE/IDAE Spain Pilot 
Nov 2018 - 

Present 

NODES28 

NODES provide a neutral marketplace for trading local flexibility and offer 
both trading and financial settlement services. NODES enable DSO’s to model 
congested grid areas and publish them as local markets in the NODES market 

platform. 

Nordic 
TSOs/Nord 

Pool 
Norway Pilot 

2018 - 
Present 

Cornwall LEM29 

The LEM platform seeks to benefit each of these participants, and the grid more widely, 
by providing a mechanism for the system operators to indicate when they will need an 

increase or decrease in generation or consumption to balance the grid or manage a 
local network constraint. These needs can then be met by the homes and businesses 

on the LEM, in return for a financial reward – creating significant opportunities for 
energy users who are able to be flexible with their usage or call upon smart energy 

storage solutions. 

Centrica - 
NSIDE 

United 
Kingdom 

Pilot 
2016 - 

Present 

GOPACS30 

GOPACS is an important step to mitigate capacity shortages in the electricity 
grid(congestion) and thus contribute to keeping the Dutch grid reliable and affordable. 

GOPACS has resulted from active collaboration between the Dutch national grid 
operator  TenneT and the regional grid operators.GOPACS platform works in a way that 

is consistent with key European directives that relate to market-based mitigation of 
grid congestion and offers large and small market parties an easy way to generate 

revenues with their available flexibility and contribute to solving congestion situations.  

ETPA, TSO, 
DSOs 

Netherlands Production 
Jan 2019 - 

Present 

Enera31 
The project included the deployment of the first local flexibility market in the country, 

FlexMarkt, with the aim of procuring flexibility services to solve grid congestion 
problems and reduce the volume of renewables redispatch. 

EPEX SPOT Germany Pilot 
Feb 2018 - 
June 2020 

 
22 Clean energy for all Europeans package | Energy (europa.eu) 
23 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. EUR-
Lex - 32019L0944 - EN - EUR-Lex (europa.eu) 
24 Regulation (EU) 2019/943 of the European Parliament and of the Council of 5 June 2019 on the internal market for electricity. EUR-Lex - 32019R0943 - EN - EUR-Lex (europa.eu) 
25 Regulation (EU) 2019/942 of the European Parliament and of the Council of 5 June 2019 establishing a European Union Agency for the Cooperation of Energy Regulators. EUR-Lex - 
32019R0942 - EN - EUR-Lex (europa.eu) 
26 Piclo Flex 
27 Introduction to IREMEL (Integration of Distributed Energy Resources through Local Flexibility Markets) IREMEL presentation - OMIE_IDAE 
28 Home - NODES (nodesmarket.com) 
29 LEM Cornwall – Centrica 
30 Home - GOPACS 
31 Enera – Usef Energy 

https://ec.europa.eu/energy/topics/energy-strategy/clean-energy-all-europeans_en
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32019L0944
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32019L0944
https://eur-lex.europa.eu/legal-content/EN/TXT/?toc=OJ%3AL%3A2019%3A158%3ATOC&uri=uriserv%3AOJ.L_.2019.158.01.0054.01.ENG
https://eur-lex.europa.eu/legal-content/EN/TXT/?toc=OJ%3AL%3A2019%3A158%3ATOC&uri=uriserv%3AOJ.L_.2019.158.01.0022.01.ENG#:~:text=Regulation%20%28EU%29%202019%2F942%20of%20the%20European%20Parliament%20and,NL%2C%20PL%2C%20PT%2C%20RO%2C%20SK%2C%20SL%2C%20FI%2C%20SV%29
https://eur-lex.europa.eu/legal-content/EN/TXT/?toc=OJ%3AL%3A2019%3A158%3ATOC&uri=uriserv%3AOJ.L_.2019.158.01.0022.01.ENG#:~:text=Regulation%20%28EU%29%202019%2F942%20of%20the%20European%20Parliament%20and,NL%2C%20PL%2C%20PT%2C%20RO%2C%20SK%2C%20SL%2C%20FI%2C%20SV%29
https://picloflex.com/
https://www.omie.es/sites/default/files/2019-12/presentacion_webinar_idae-omie_iremel.pdf
https://nodesmarket.com/
https://www.lemcornwall.co.uk/
https://www.gopacs.eu/
https://www.usef.energy/implementations/enera/
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*IREMEL project will be explained in more detail in the Spanish electricity markets section. 

4. Rules for participating in the ancillary services markets 

4.1 Ancillary services market design 

According to the current market structure, Ancillary services (ASs) are offered by the conventional synchronous generators to the TSOs in order to satisfy 

specific power system requirements. They are classified as: 

A. frequency services, mainly for balancing, 

B. services for congestion management, 

C. non-frequency services, such as voltage control and grid restoration [9]. 

Different EU member states have implemented the centrally defined ancillary services in very different manners. For instance, different balancing and 

ancillary services markets in EU member states have different market closing time for procurement of the ancillary services, different set of participants, 

different activation time (dead band before activation or instantaneous activation) and different procedure for recovering the cost of ancillary services 

[10]. 

The Ancillary Service (AS) Market facilitates the trading of services and improves the competition among different involved stakeholders. Generally, the 

TSO is the operator and sole purchaser of products in the AS market, while sellers include the prequalified generators and in some cases demand response 

(involving large consumers and aggregators) and storage facilities. Ancillary Service offers are long-term, usually annual, while the available capacity is 

offered on a daily basis. Three main balancing processes exist in the AS markets: 

A. central dispatch, 

B. self-dispatch portfolio-based  

C. self-dispatch unit-based. 

According to reference [11], the central dispatch regards a scheduling and dispatching model, where the generation and consumption schedules are 

determined by the TSO within the Integrated Scheduling Process. In the self-dispatch portfolio-based model, the aggregated generation schedules and 

consumption schedules are determined by the scheduling agents of these facilities. Finally, in the self-dispatch unit-based model, each generating power 

and demand facility follows their own generation or consumption schedules. The procurement methods can be divided in four main categories:  

A. Compulsory provision,  

B. bilateral contracts, 

C. tendering, 

D. Spot markets [12]. 

In compulsory provision, a class of generators are engaged to provide specific reserves of AS. This engagement rises through the national regulations and 

network codes, which mandate specific sources of Ancillary Service to connect to the system. In the case of bilateral contracts, the TSO negotiates with 

each provider the quantity and price of the offered Ancillary Service. This allows the TSO to buy only a specific Ancillary Service amount and to deal with 

sellers in order to minimize the overall cost. However, these contracts are usually long-term and possible market conditions changes cannot be taken into 

account. The last two methods, tendering and spot market, refer to an Ancillary Service exchange process characterized from increased competition.  

The former usually includes long-duration services, while the latter involves shorter and less standardized products. Another distinction between the AS 

provision can be found in the remuneration approaches. Primarily, the ASs can be non-remunerated at all, meaning that they are considered as mandatory 

support functions provided by the sources. If this is not the case, the ASs can be paid through a regulated price, a pay-as-bid price or a common clearing 

price. In the first approach, the regulated price is set by the regulator or the TSO. Nevertheless, this method does not reflect perfectly the actual provision 

cost. In the pay as bid pricing scheme, the provider receives the price of the accepted offer. Finally, when remuneration is based on the common clearing 

price, the succeed sellers are paid the price of the most expensive accepted or the least expensive rejected offer. Further, remuneration includes several 

components that reflect the different costs of the provision entity. To start with, the fixed allowance and the availability price refer to the cost of the seller 

to make a specific amount of ASs available. Later on, the utilization payment and the utilization frequency cost reflect the actual exploitation of the product 

and the extra cost that may arise each time that the provider is called upon (in a specific period of time), respectively. Finally, the remuneration takes into 

consideration the opportunity cost that reflects the possible profit loss in the case where the provider could have sold other products instead of the 

respective ASs. 

Frequency Control 

Concerning the procurement methods of frequency control, all the aforementioned approaches are applicable within EU countries. The same applies for 

the different remuneration types, which are interlinked with the procurement process. In Table 17, the frequency reserves in some EU countries are 

presented, reflecting the different regulatory framework of each EU country.  

Voltage Support 

From the AS providers point-of-view, the reactive power support can be distinguished in compulsory and enhanced. The first case falls into the compulsory 

requirements that each generator should fulfil for its connection and concerns units that exceed a pre-specified capacity. The latter refers to non-

mandatory additional voltage regulation services. With regard to the remuneration, settlement rules are similar to those of frequency reserves. However, 
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this AS is not remunerated in all countries of EU. In the case of remuneration, settlement rules are similar to the frequency reserves (pay-as-bid, marginal 

pricing or regulated price). In Table 18, the voltage control as an AS in some EU countries is presented. The providers of voltage control can be synchronous 

generators, windfarms, photovoltaic (PV) systems (only in Spain and France), HVDC links, assisted by devices operated by the TSO such as SVCs, FACTS, 

capacitor/inductor banks, etc. From the available data, different entities can be providers of the voltage control service following the national regulatory 

framework. Furthermore, in some EU countries, this service is also paid by the TSO. 

Black Start 

From an AS market perspective, this AS exists in the majority of countries. In some of these countries, black-start is mandatory for predefined conventional 

power plants, while in others there exist bilateral contracts and the eligibility selection is based on a number of characteristics, such as geographical 

distance and capacity and in some cases regulated gradient. However, black-start is seldom clearly defined, provided and remunerated. With respect to 

the remuneration, when available, is enabled through similar schemes as the ones described above, namely regulated, pay-as-bid, or marginal pricing. The 

providers of restoration services can be distinguished between AC power generating modules and HVDC systems, according to the EU network code for 

electricity emergency and restoration. Table 19 shows details referring to the black start for some EU countries. In many EU countries, this service is 

mandatory mainly from the hydro power plants and the hydro storage power plants. In other cases, this service is a bilateral agreement between the 

services provider, which can be a generator, and the TSO. Regarding the voltage level, all countries provide this service in transmission grid, while in some 

cases (such as Croatia, Finland, France, the UK, etc.), the provision of the black-start concerns both the transmission and distribution grid. 

 

4.2 Electricity Market at Distribution Grid Level 

Following the current market structure, the Distributed Renewable Energy Sources (DRES) are mainly connected in order to inject the available power to 

the grid, while the market operators remunerate their energy by applying several different pricing schemes However, all DRES technologies have the 

potential to provide downward and upward adjustment to the systems [13]. Therefore, they should be considered as a powerful tool for balancing the 

electricity networks. the DRES can provide a diversity of services having an important economic footprint. In this manner, they can decrease the overall 

cost of the DSOs by enhancing the active distribution management concept, which is opposed to the traditional “fit-and-forget approach”. Nevertheless, 

it is not easy for the TSOs and DSOs to procure the demanded flexibility services, since their coordination level should be enhanced. According to more 

recent research, the interest is concentrated on providing AS from the distribution grid to System Operators by implementing a “bottom-up approach” 

[14]. This concept sounds more reasonable as the share of small DRES in the distribution grid is constantly increasing. Towards this perspective, the DSOs 

should develop their own local electricity markets, since the DSOs are considered as market neutral. Therefore, the DSOs will be able to support the TSOs’ 

obligations by providing localized solutions. The following coordination schemes are proposed [15]:  

I. Centralized AS market model: there is a common market for resources connected both at distribution and transmission grid level, without any 

participation from the DSO.  

II. Local AS market model: there is a local market operated by the DSO concerning the resources at distribution grid level. After the market closure, 

the DSO makes the proper aggregation in order to bid the remaining in AS market, operated by the TSO. 

III. Shared balancing responsibility model: Each operator (DSO and TSO) operates separately at each network the balancing responsibilities. 

Therefore, there is a local market at DSO with a pre-agreed power exchange schedule with the TSO, while the resources at distribution grid cannot 

bid their offers directly to the TSO. The pre-agreed schedule can be determined by considering the results of the spot markets, which are defined 

as energy-only markets, or alternatively by using the past forecasts at each common point of connection between DSO TSO. 

IV. Common TSO-DSO AS market model: In this model, both operators (TSO and DSO) share the common target of decreasing the overall operational 

cost of the resources. This aim can be achieved by operate jointly a single market (namely central variant). Another approach proposes the dynamic 

integration of a decentralized DSO market (namely the local market) and a central TSO market (namely decentralized variant).  

a. Central variant: A single market session is operated, where all bids are offered and cleared considering both distribution and transmission 

constraints.  

b. Decentralized variant: initially, a local market operated by the DSO for local needs takes place by considering the grid constraints at 

distribution grid level. Consequently, all local markets interact with the central TSO market. 

V. Integrated flexibility market model: In the final market configuration, a more liberate market structure is proposed, where both Operators (TSOs, 

DSOs) and other market participants (such as balancing responsible parties) can participate in order to fulfil their needs. However, an unbiased 

market operator is needed for ensuring neutrality. Therefore, in this case, AS markets and intraday markets can difficulty be discretized. 

 

Table 17. Frequency reserves in some EU countries. 

Country 
Frequency Containment 

Reserves 

automatic Frequency 

Restoration Reserves 

manual Frequency 

Restoration Reserves 
Replacement Reserves 

Austria 

 

Generators/Load/Pump 

Storage/Batteries 

< 1 MW 

 

1 MW < 
Generators/Load/Pump 

Storage 
<5 MW 

Generators/Load/Pump 

Storage < 1 MW 

NO 
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Country 
Frequency Containment 

Reserves 

automatic Frequency 

Restoration Reserves 

manual Frequency 

Restoration Reserves 
Replacement Reserves 

Sweden Generators only < 1 MW 1 MW < Generators only < 

5 MW 

5 MW <Generators/Load 

< 10 MW 

No 

Spain Generators only (no 

minimum) 

Generators only > 10 MW 
(90 s < t < 5 min) 

Generators/Pump 
storage > 10 MW 

(5 min < t < 15 min) 

Generators/Pump Storage > 10 MW (20 min < t <1 h) 

Germany 1 MW < 
Generators/Load/Pump 

Storage/Batteries < 1 MW 

1 MW < 
Generators/Load/Pump 

Storage 
<5 MW (90 s < t < 5 min) 

1 MW 
<Generators/Load/Pump 

Storage 
_ 5 MW (5 min < t _ 15 

min) 

No 

Great 

Britain 

Generators/Load/Pump 
Storage/Batteries 

< 5 MW 

No 5 MW < 
Generators/Load/Pump 
Storage/Batteries < 10 

MW 

1 MW < Generators/Load/Pump 
Storage < 5 MW 

Belgium Generators/Load/Pump 
Storage <1 MW 

Generators/Load/Pump 

Storage < 1 MW 

Generators/Load/Pump 

Storage < 1 MW 

No 

Bosnia and 

Herzegovina 

Generators only (no 
minimum) 

1 MW < Generators only< 

5 MW 

5 MW < 

Generators/Load < 10 

MW 

No 

Croatia Generators only (no 
minimum) 

Generators only < 1 MW Generators/Pump 

Storage < 1 MW 

No 

Czechia 1 MW < Generators only < 
5 MW 

1 MW < Generators/Load 

< 5 MW 

1 MW < 
Generators/Load/Pump 

Storage 
< 5 MW 

No 

Denmark Generators/Load/Batteries 
<1 MW 

1 MW < Generators/Load 

< 5 MW 

5 MW < 

Generators/Load < 10 

MW 

No 

Estonia 

 

- NO - - 

Finland Generators/Load/Batteries 

< 1 MW 

1 MW < Generators only < 

5 MW 

1 MW < 

Generators/Load < 5 

MW 

NO 

France Generators/Load/Pump 
Storage/Batteries 

< 1 MW 

Generators/Pump Storage 

< 1 MW 

5 MW < 
Generators/Load/Pump 

Storage 
< 10 MW 

5 MW < Generators/Load/Pump 
Storage < 10 MW 

Greece Generator only < 1 MW Generator only < 1 MW Generators only NO 

Hungary 

 

Generators only < 1 MW Generators only <1 MW NO Generators/Load < 1 MW 

Ireland 

 

1 MW < 
Generators/Load/Pump 

Storage/Batteries <5 MW 

No Generators/Load/Pump 

Storage < 1 MW 

No 

Italy (no minimum) - NO - 

Latvia - NO Generators/Pump 
Storage (no minimum) 

 

Generators/Load/Pump Storage 
<1 MW 

Netherlands 1 MW < 
Generators/Load/Batteries 

< 
5 MW 

1 MW < 
Generators/Load/Batteries 

< 
5 MW (t< 90 s) 

5 MW < 

Generators/Load <10 

MW 

No 

Lithuania     

Norway 

 

Generators only < 1 MW 5 MW < Generators only < 

10 MW 

Generators/Load <1 MW No 

Poland Generators only < 1 MW Generators only < 1 MW No - 
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Country 
Frequency Containment 

Reserves 

automatic Frequency 

Restoration Reserves 

manual Frequency 

Restoration Reserves 
Replacement Reserves 

Portugal Generators only (no 

minimum) 

Generators only > 10 MW 
(90 s < t < 5 min) 

> 10 MW < 1 MW 

Romania 1 MW < Generators only < 

5 MW 

Generators only > 10 MW 1 MW < Generators only 

< 5 MW 

1 MW < Generators only < 5 MW 

Serbia 1 MW < Generators only < 
5 MW 

Generators only < 1 MW Generators/Pump 

Storage < 1 MW 

No 

Slovakia Generators only< 1 MW 1 MW < Generators only < 

5 MW 

1 MW < 
Generators/Load/Pump 

Storage 
< 5 MW 

No 

Slovenia Generators only (no 

minimum) 

Generators/Pump Storage 
< 1 MW (5 min 

< t < 15 min) 

Generators/Load/Pump 
Storage _ 1 MW 

(5 min < t <15 min) 

No 

Switzerland 

 

Generators/Load/Pump 
Storage/Batteries 

< 1 MW 

1 MW < 
Generators/Load/Pump 

Storage/Batteries < 5 MW 

1 MW < 
Generators/Load/Pump 

Storage/Batteries < 5 

MW 

1 MW < Generators/Load/Pump 
Storage/Batteries < 5 MW 

 

 

Table 18. Voltage control in various EU countries. 

Country Mandatory Providers Voltage Level Paid 

Austria 

 

Mandatory for power plants in 
transmission system 

Generators/DSO/Wind 
farms/DSO connected 

units/Transformers 

Transmission/Distribution Partly 

Sweden -  Generators/DSO Transmission/Distribution No 

Spain Mandatory service for all power 
plants > 30 MW connected to the 

transmission grid 

Generators/DSO/ Industrial 
consumers/Wind farms/PV/HVDC/DSO 

connected units/Transformers 

Transmission/Distribution NO 

Germany Voltage control requirements for 
plants in both high- and medium-

voltage 

Generators/Wind 
farms/HVDC/DSO connected 

units/Transformers 

Transmission/Distribution Partially 

Great Britain Mandatory for all conventional 
generators and wind farms 
connected to transmission. 

Generators/Transformers 
Transmission/Distribution Yes 

Belgium No mandatory. All Generating units 
> 25 MVA 

must be capable of voltage control 

Generators/Wind 

farms/Transformers 

Transmission Yes 

Bosnia and 

Herzegovina 
Mandatory Generators 

Transmission No  

Croatia All power plants 
 

Generators/Wind 
farms/Transformers 

Transmission/Distribution Yes 

Czechia All units connected at 220 kV + Generators/Transformers Transmission Yes 

Denmark - Generators/HVDC/Transformers Transmission Partly 

Estonia 

 

Mandatory for all plants connected 
to the main 

grid 
 

Generators/Wind 
farms/HVDC/Transformers 

Transmission/Distribution - 

Finland 
Mandatory for all power plants 

Generators/Wind farms/DSO 
connected units/Transformers 

Transmission/Distribution No 

France Mandatory primary voltage control 
for all units at 

transmission level and secondary 
voltage 

regulation for all units connected at 

> 225 kV 

Generators/Wind 
farms/PV/HVDC 

Transmission/Distribution Partly 

Greece Production units (except RES) > 2 
MW (comply 

with technical regulation) 
Generators/Transformers 

Transmission No 
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Country Mandatory Providers Voltage Level Paid 

Hungary 

 

All power plants > 50 MW 
connected to 

transmission grid or 132 kV 
Generators/Transformers 

Transmission/Distribution Yes 

Ireland 

 
- Generators 

- - 

Italy Mandatory for power units < 10 

MVA 
Generators/Transformers 

Transmission No 

Latvia Power plants Generators/ Wind farms/Transformers Transmission No 

Netherlands 
Mandatory for generators > 5 MW. 

It is a contracted service 

Generators/DSO/ Industrial 
consumers/Wind farms/PV/HVDC/DSO 

connected units/Transformers 

Transmission/Distribution Partly 

Lithuania 

All power plants in transmission 

Generators/ Wind 
farms/HVDC/Transformers 

 

- Partly 

Norway  

 All powerplants 

 

Generators/DSO/Industrial 

consumers/Wind farms/HVDC/DSO 

connected units/Transformers 

 

Transmission/Distribution Yes 

Poland All Generating Units and also 
centrally dispatched 

units contracted for this service 

Generators/ Wind farms/DSO connected 
units/Transformers 

Transmission/Distribution Yes 

Portugal  All conventional generators Generators Transmission No 

Romania  - Generators Transmission No 

Serbia  Mandatory for all power plants in 
transmission grid 

Generators/Transformers Transmission Yes 

Slovakia  Mandatory primary voltage control, 
secondary voltage control as a paid 
service at transmission level (400 kV 
and 220 kV) 

Generators/Transformers 

Transmission Yes 

Slovenia  Yes, mandatory  Generators/Transformers Transmission Yes 

Switzerland 

 

All power plants connected to 

transmission grid with available 

reactive power and without 

compromising the active power 

 

Generators/DSO/Transformers Transmission/Distribution Yes 

 

Table 19. Provision of black-start in some EU countries. 

Country Mandatory Voltage Level Paid by TSO Regulated Gradient for 

the BS Unit 

Austria 

 

Hydro storage power plants. Not mandatory for 

power plants 
Transmission Yes No 

Sweden Contracts with suppliers Transmission Yes - 

Spain Not mandatory, mainly provided by hydro plants - NO NO 

Germany Specific contracts. Transmission Yes NO 

Great Britain Now mandatory. Procured via bilateral contracts 
with power stations. 

Transmission/Distribution Yes NO 

Belgium Not mandatory, provided from gas power plant and 
pumped storage. 

Transmission Yes NO 

Bosnia and 

Herzegovina 
Mandatory Transmission No - 

Croatia Mandatory for plants determined by defense plan Transmission/Distribution - No 

Czechia No obligations to provide black start from any unit Transmission Yes - 

Denmark Not mandatory Transmission Yes 101MW–200 MW/15 min 

Estonia 

 

Not mandatory, provided by power plants included 

in 
Transmission Yes - 



 
 

 

 
                                        Project funded by European Union’s Horizon 2020 
research and innovation program under the Grant Agreements n 952851 

  Page: 45 

 
  

 

   

 

restoration plan 

Finland Not mandatory, agreed bilaterally by grid code. Transmission/Distribution Yes No 

France Not mandatory, provided by nuclear plants Transmission/Distribution No - 

Greece By predefined power plants Transmission Yes - 

Hungary 

 

Mandatory for power plants > 500 MW connected 

to 

transmission grid. Also provided by other plants 

with 

BS capability 

 

Transmission/Distribution Yes No 

Ireland 

 

Mandatory for Northern Ireland for certain plant 

types 

(Hydro, Pump storage, interconnectors, open cycle 

gas turbines) 

 

- - - 

Italy 
Mandatory for power plants defined in restoration 

plan 
Transmission No - 

Latvia Agreements with hydro power plants Transmission Yes No 

Netherlands Not mandatory, it is a contracted service Transmission/Distribution Yes - 

Lithuania Not mandatory Transmission Yes - 

Norway 
 

Mandatory for power plants with significant impact 
on reconstruction of network or other critical 

functions 

Transmission/Distribution No No 

Poland Not mandatory - Yes No 

Portugal 
Not mandatory, provided by a Combined Cycle Gas 

Turbine and a hydro plant 
Transmission Yes No 

Romania 
Mandatory for power plants included in black start 

plan 
Transmission No No 

Serbia Mandatory for Hydro Power Plants Transmission Yes No 

Slovakia Not mandatory - Yes No 

Slovenia Mandatory Transmission Yes - 

Switzerland 
 

ensure that for the reestablishment of supply after 
a major incident an adequate number of power 

stations, qualified for black start and island 
operation consolidated to a buildup-cell, are ready 

for operation. 
 

Transmission Yes No 
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5. Solutions to enhance renewable energies participation in electricity markets 

5.1 Aggregators for market participations 

In this section, the concept of the aggregator as an electricity player is defined and the services that can provide to the consumers and the energy system 

in general are introduced. In addition, a presentation of the aggregator as it is established in the Greek and German market is made. 

The business model of the aggregator in the electricity system 

An aggregator is the legal entity that represents one or more producers or consumers, or potential participants for one or more connection points, in the 

energy markets. This entity represents them either for generation or for demand of electric energy. The aggregator is also responsible for any obligations 

and requirements arising from the participation of his clients in these markets. 

The aggregator is an entity originally conceived for the DR coordination, playing a main role in the transition to electricity systems based on renewable 

energies and their uncertainty. In particular, small or medium consumers like the residential and service sector require of aggregators services because it 

is unfeasible for them to establish their own electricity trading unit, and therefore, making a real impact on the stability of the grid. Besides, the type of 

consumer that would engage the services of an aggregator is typically greater than the residential, such as companies, industrial or even agricultural.  

But the penetration of distributed generation based on solar PV extends the business associated to it. The small consumers that turn into prosumers now 

add the variable generation of their PV installation. Also, the batteries will start to grow in number, opening a range of possibilities for the aggregator. The 

same situation but in a bigger scale is given among the larger or industrial consumers, which would also prefer to have an intermediary as the aggregator 

instead of reaching directly to the markets. 

The electricity system would also benefit more from a reduced number of entities with bigger portfolios. The main aspect to carry out the aggregation is 

the simplification of the communications among the system players, but also the presence of specialized entities (fully dedicated to these services) may be 

of great importance. 

The target market for the aggregator business is the electricity balancing market, a model included in the directives for the integration of a common 

European electricity system. The balancing market includes the balancing power market, the balancing energy market, and the deviation clearance process. 

Participants are required to submit bids with a physical delivery obligation for their total available power, both in the balancing energy market and in the 

balancing power market. 

In the balancing power market, the offered power is used to meet the System's backup requirements and is maintained by the participants for a 

predetermined period of time. 

In the balancing energy market the participants offer electric energy that is used by the Transmission System Operator for the purpose of maintaining the 

frequency of the System and the electricity generation and demand balance within a predetermined range in accordance with the electricity exchange 

programs with neighboring countries. 

The services that aggregators can provide in the balancing market are as follows: 

▪ Identification of flexible loads in the consumer 

o Together with the consumer, the aggregator analyses the existing DSM potential for balancing capacity and its availability. An initial estimation 

of the revenue opportunities of flexible loads on the control power market is also carried out. 

▪ Connection of flexible loads to a telecontrol system 

▪ Support in the prequalification 

o The prequalification checks whether the flexible loads are technically suitable for providing control power. 

o Depending on the desired control power market, the systems must meet different requirements. 

o The aggregator supports consumers in the creation of the required documentation for prequalification. 

▪ Pooling flexible loads 

o Small technical units often cannot meet all the requirements of prequalification, for example in terms of minimum performance or time and 

labour availability. Through bundling in a pool of several assets through the aggregator, they can still participate in the reserve power market. 

▪ Retrieve the balancing power 

▪ Procedure after retrieval of the balancing power 

o Settlement of balancing power takes place via a monthly billing between the company and the aggregator. The aggregator himself settles the 

generated control power with the TSO. 

▪ Cooperation with the balancing group manager 

o This is usually done by the DSM marketer. 

 

The role of the aggregator in the Greek market 

In Greece, the first aggregators have already announced their operation, but it is also expected by law the definition of a last resort aggregator and the 

charges that will be imposed on his clients which is still pending. This organization will take over the representation of the owners of power plants from 

RES that will not be represented for any reason by any other private aggregators. 
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The RES stations pending to be installed using the feed-in premium tariff model that is being implemented in the Greek market with the first tender in July 

of 2018, will be required to hire an aggregator. The aggregator will provide them with the service of forecasting for their load in the daily market and the 

service of energy balance. 

It is worth mentioning that the philosophy of the charges is the creation of a disincentive which will motivate the RES stations to hire a private aggregator 

to represent them. So, the longer these stations remain in the responsibility of the last resort aggregator, the higher will be the tariffs that they will pay. 

This is a common practice in the countries of Europe that this model is applied, because the intention is that the last resort aggregator actually acts as the 

"last shelter" and not as the first choice. 

The RES aggregators will play an important role in limiting the gap between the energy forecasts and the real output resulting to reduction of the 

uncertainty and the variability of RES production. 

The management costs for the representation in the wholesale market and the balancing costs may prove to be high if a RES producer manages its own 

portfolio, as it requires significant investment on its expertise, infrastructure and human resources. 

In addition to the cost of the above investment, it is estimated that each RES producer will also bear the cost of balancing. This assessment is based on the 

assumption that the RES producer will have specialized tools and cutting-edge information systems to perform as accurate as possible forecasts for the 

production of its stations. If the RES producer does not have such tools the balancing costs may also be important. 

The role of the aggregator in the German market 

The aggregator as a term has already been established in Germany for some time. Since 2009, the role of aggregators has emerged in the German energy 

market. The business model of the aggregator is to pool and to market energy generation plants, flexible consumers and storage systems. Companies can 

integrate specialized service providers to market their flexible loads. The aggregators bundle the load shifting potential of different companies (pooling). 

This also allows companies with smaller flexible loads to exploit their DSM potential. The marketers assume the role of a mediator / intermediary in the 

market for flexibility. 

For most companies, it is worth marketing their flexible loads or generating units via a pool. The construction and marketing of the pool is carried out by a 

specialized service company (aggregator). In a pool, loads from different companies are brought together and marketed as a common burden. Aggregators 

can theoretically be distributors, but also third parties offering these services. In Germany, there are more than 70 aggregators for renewables. 

For urban spaces the pooling of energy generation and storage plants will gain importance in the future. Densely populated regions are characterised by a 

close side by side of small sectioned producers and consumers of energy that can be pooled to bigger entities. In order to successfully bundle the entities, 

it is necessary to equip buildings with (electricity) generation plants, like solar PV, storage systems and to digitally connect them. Furthermore, the 

regulatory framework for aggregators is pivotal for the market penetration of virtual power plants and flexibility products. 

As specialized service providers, aggregators can help harness the flexibility in power generation and consumption by marketing them. The main services 

offered by these entities are listed below: 

▪ For commercial and industrial customers 

o Primary control power / secondary control power / minute reserve 

o Development of battery-based business cases 

o Battery management and Combined Heat and Power (CHP) systems optimization 

o Conventional, flexible and green electricity procurement 

o Optimization on day-ahead and intraday market 

o Application optimization CHP / batteries for peak load capping. 

o Marketing in the context of the Shutoff Ordinance (AbLaV). 

o Optimization of the intraday market through end-to-end automated asset-backed trading. 

▪ For energy providers 

o Construction and operation of a virtual power plant. 

o Direct marketing of electricity from DER and CHP plants. 

o Direct marketing of electricity from renewable energies. 

o Secondary control power and minute reserve. 

 

5.2 Storage systems along the grid for flexibility 

The current section tackles the need of a flexible energy system that RES production requires through the introduction of energy storage systems. 

The dissemination of flexibility solutions is required to provide the power system with the ability to adapt to the dynamics of the residual load, on all 

timescales: from frequency response to inter-year flexibility. Energy storage is able to participate in the provision of flexibility complying this requirement. 
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Indeed, the typical discharge time of batteries is measured in hours, the one of pumped-hydro storage and seasonal hydro storage in a few hours to several 

months, and system integration (when seen as a storage solution) has a discharge time allowing it to contribute to meeting seasonal flexibility needs. 

As clearly expressed in the Clean Energy for All Europeans Package, storage is recognised as a competitive activity, meaning that all policies and regulations 

should respect this principle and take all measures to ensure a level playing field. Investors will respond to the need for storage only if they are able to 

build a strong business case. In the energy sector, business cases are commonly built on expectations rather than on current circumstances, due to the 

long lead-times and lifespans of investments.  

Given current energy transition trends, awareness of the potential of storage is increasing for many potential applications, from large pumped-hydro 

storage to the behind-the-meter battery at home. Trends include decentralising energy production (mainly from renewable sources), empowering energy 

consumers and increasing the share of intermittent renewable electricity production into the energy system. 

The high spread of variable renewable generation requires changes in the operation and development of power systems. The power system must be more 

flexible to respond to variability and uncertainty in operational conditions in various time frames. 

Developments in advanced storage technology can offer capabilities and possible deployment that supports the objectives of long-term EU energy policies. 

The cost effectiveness of storage technologies increases. With the progress of new technologies, it is possible to build, locate, and operate concentrated 

electrical storage anywhere in the network. Small-scale devices can be aggregated to ensure largescale deployment. The emergence of storage technologies 

is now challenging all actors in the electricity value chain to see how, when, and where storage could be used and how it could be managed. This is especially 

relevant as storage technology has features that fit within the remit of both regulated and market parties. European Commission and ENTSO-E share the 

common view that storage is neither generation nor demand. 

Storage could improve the efficiency of the market and facilitate the integration of renewable energy sources (RES) by managing their variability not only 

on a daily basis but also on a more seasonal basis. There is, however, evidence that investments on this basis are becoming increasingly difficult in an 

environment with more uncertainty in planning permissions and in wholesale electricity prices. Typically, TSOs would not invest in storage technologies 

for this purpose, as these investments should be primarily driven by the market. As the current market environment is difficult, the market design should 

ensure a price signal that is predictable and sufficient to stimulate investments. This, however, will take time to develop. Depending on the specific 

conditions of a country, the market could be stimulated by allowing TSOs to organise tenders (e. g., procuring a certain quantity of MW with long-term 

regulated contracts) to contribute partially to the business case or by allowing TSOs to make a regulated investment and auction the associated capacity 

to the market on equal and transparent terms, as TSOs do today with the capacity for interconnectors. 

The integration of variable RESs and the security of supply is a challenge for TSOs. It is highly unlikely that system service arrangements designed for a 

system based on the conventional generation will fit the needs of a system based on high-variable renewable generation. The TSOs should thus facilitate 

the associated market by establishing clear technical and market requirements for new and existing system service procurements. This particularly relates 

to locally bound system services, such as reactive power and system services in (parts of) TSO balancing areas with insufficient competition. In those 

circumstances, a TSO/DSO could own and operate a storage facility. 

The integration of RES requires significant additional flexibility and capacity of the transmission system. Any technology alternative that adds such flexibility 

and provides capacity should be investigated. With further technological development, storage has features to enable more efficient grid development in 

specific circumstances, for instance with intermittent congestions and could serve as a complement to the lines. If storage would have positive technical 

properties and a positive cost benefit analysis, then TSOs should be able to own and operate a storage facility for this purpose. The development of storage 

as part of the transmission system requires a framework to ensure that the effect is transparent and minimal on the market. 

The EU has defined ambitious energy policy goals with respect to competitiveness, security of supply, and sustainability. These policy goals are defined for 

an electricity system that is in transition towards high penetration of variable renewable energy. As a consequence, the system will become more complex 

and more decentralised. Furthermore, it is expected that the electrification of European society will further continue, and the customer will be more and 

more empowered through and offer its flexibility, also thanks to increasing digitalisation. This transition will result in new technological and economic 

needs and opportunities. 

Technology review 

A wide range of energy storage technologies exists, which could deliver services to meet these needs. The technologies have different maturity levels and 

different technologies can be used for different types of services. Presently, the energy storage capacity connected to the grid is higher than 190 GW 

(around 90% is in pumped hydro storage [PHS] installations). Electrochemical and thermal storage technologies, as grid-connected storage, are growing in 

importance in Europe. The high potential improvement and cost reduction for lithium-ION batteries and redox flow batteries allow these technologies to 

grow faster than other battery technologies. Growth for compressed air energy storage (CAES) and flywheel energy storage (FES) is low. Certain storage 

technologies could meet some of the needs of the system as soon as these technologies become mature and their cost sufficiently declines. For example, 

batteries are becoming more and more attractive, and costs are expected to halve in the period 2020–2030. Hence, it is important that a clear legal and 

regulatory framework for general principles that are applicable to storage is established to ensure a common European approach. Current practice without 

a clear European framework leads to different and not harmonised national interpretations. 

The implementation of an appropriate market design is the best way to ensure the most ‘efficient’ allocation of resources. However, in itself, the target 

model will probably not deliver on the RES policy objectives nor facilitate enough associated investment, including in complementary technologies, such 

as storage and demand-side management. The discussions regarding the future market design should ensure a level playing field for different technologies. 

Furthermore, the transmission and distribution tariff structures should be assessed in order to avoid unequal treatment of different technologies. 



 
 

 

 
                                        Project funded by European Union’s Horizon 2020 
research and innovation program under the Grant Agreements n 952851 

  Page: 49 

 
  

 

   

 

The power grid is changing rapidly in order to meet users’ demand for sustainable system design as well as to provide cost effective security and quality of 

supply. On the one hand, more and more renewable and distributed energy sources are being installed in order to meet global targets. Almost 2 800 GW 

of RES until 2020 have been installed worldwide [5]. This will continue to rise because of diverse regional or local factors (e.g. solar radiation or winding 

zones) ensuing from the grid structure and the market. On the other hand, energy consumption on the European continent, which exceeded 23,300 TWh 

in 2019, is rising very differently (different demographic trends and energy efficiency actions) [4]. The factors cited (dynamics of generation and 

consumption) and new functions, roles and actors that can be incorporated in the complete power grid (smart grid and smart market) are significantly 

increasing demands for transport capacities to make the particular grid structure and the respective grid operators’ operating mechanisms responsive. 

This new requested capacity cannot always be met by conventional measures such as grid expansion alone and, above all, not fast enough and cost 

effectively. Both precise RES production projections and, thus, more efficiently plannable RES use along with measures to make loads responsive will be 

essential for future flexibility. Only these together with new components that increase the power grid’s responsiveness, e.g. energy storage systems in 

local power systems, can guarantee corresponding security and reliability of supply of the future smart grid. 

The storage system capacity currently installed worldwide is estimated to be 191 GW [3] and the integration of an additional 310 GW in the grid is deemed 

to be necessary to continue reducing CO2 emissions in the power grid in coming years. Since storage technologies, especially innovative ones, are still quite 

expensive, it is always essential to analyse their individual and combined use cases/operating scenarios separately both technically (storage system sizing: 

capacity, out-put, dynamic response) and economically (mode of operation and cost-benefit) in order to be able to define an optimal storage system 

(technology and parameters).  

 

Figure 10. Share of Global Energy Storage Installed Capacity, by Technology, 2019 and 2020 [6] 

 

Storage technologies can basically be divided in four groups according to the energy they store:  

• chemical, 

• electrical,  

• mechanical,  

• thermal.  

Storage technologies have different properties which predestine or eliminate them for particular use cases. Moreover, storage systems are in different 

stages of technical development and testing. Some technologies, e.g. adiabatic compressed air energy storage or hydrogen storage, are still in early stages 

of technological development. Although large-scale demonstration projects, e.g. lithium battery storage systems, are slowly extending long-established 

and commercialized storage systems such as pumped-storage power plants, an eye still has to be kept on their cost. 

Chemical storage systems 

The conversion of electricity into chemical compounds constitutes one of the most widespread storage technologies, particularly to supply power in the 

consumer sector (mobile devices) and to keep infrastructure running (e.g. telecommunications). These are almost exclusively low-temperature, primarily 

lead-acid and lithium-ion batteries and high-temperature, primarily sodium-sulphur batteries called internal storage systems since their energy level and 

output are interdependent. External storage systems, on the other hand, have the advantage of independently sizable output and energy parameters. Both 

hydrogen/methane systems and redox-flow batteries, which typically require more space, are representative of this group. Since they are generally 

connected to the grid by power electronics (now classified as rapid and reliable), this group of storage systems can cover a very wide range of use cases in 

power grids. 

Renewable hydrogen is an energy storage solution that can be produced by using renewable electricity to power an electrolyser that splits the hydrogen 

from water molecules. Hydrogen also is produced directly from fossil fuels by using steam methane reforming or coal gasification. More than 99% of global 

hydrogen production is currently based on fossil fuels (mainly natural gas). Interest in renewable hydrogen gained momentum in 2020, due in part to low 

electricity prices for VRE and to reductions in the cost of electrolysis equipment (leading to declines in production costs); in addition, several countries 

announced national hydrogen strategies and hydrogen energy frameworks (including Chile, Norway, the Russian Federation and some European countries). 
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8 countries and the EU had national strategies in place to support renewable hydrogen development, and several had hydrogen roadmaps or draft 

renewable hydrogen strategies in the pipeline. China and India also have shown interest in ramping up their renewable hydrogen economies. 

Electrical storage systems 

Electrical storage systems typically do not require any secondary material to store electricity. Storage often takes place directly in a static electric or 

constant magnetic field. Since they can charge and discharge very rapidly, such systems are generally employed as power storage systems. As it stands 

now, the very low energy density (<10 Wh/kg) and comparatively high self-discharge rate (up to 25 % in 48 h) make only their use as short-term energy 

storage systems technically und economically expedient. Supercapacitors and superconducting coils are the best-known representatives of the two field 

technologies. 

Mechanical storage systems 

Pumped-storage, flywheel energy storage and compressed air energy storage are representative mechanical storage systems. 

Thermal storage systems 

At present, coupling electrical and thermal storage systems to store excess power (power-to-heat) is treated as unidirectional heat production, e.g. in 

district heating systems or in private households (heat pumps). Since the useful heat produced loses so much energy that thermodynamic reconversion is 

inexpedient, high-temperature, thermoelectric energy storage systems, which are currently in development, are suited for this. A high-performance 

heating system produces temperature of around 500°C in a solid storage system (magnesium oxide rocks or salts) during charging. The high heat during 

discharge is employed to heat a steam cycle by a heat exchanger. The options for use are comparable to those of pumped-storage and compressed air 

energy storage units, i.e. as typical twenty-four-hour storage systems. Its low efficiency and thermal losses while not in operation are drawbacks. 

Advantages are the availability of standard power plant components and the free choice of location (as opposed to pumped storage and compressed air 

energy storage units). 

Additional storage solutions 

▪ Interconnectors  

Interconnectors have a significant role to play in the provision of flexibility, allowing countries to benefit from each other’s resources. They enable 

exports and imports of energy between countries with different energy prices and levels of RES shares, ensuring the balance between supply and 

demand can be met at the lowest cost, avoiding curtailments and better exploiting generation and storage technologies. 

▪ Electric Vehicles and Heat Pumps  

Electric vehicles and heat-pumps can play an important role in the provision of short-term flexibility. The behaviour of electric vehicles with smart 

charging or vehicle-to-grid capabilities, and heat-pumps combined with short-term storage (2 hours in the model), can be optimised as a hours 

with highest renewable generations and lower demand, therefore smoothing the residual demand profile. 

 

Technological issues 

Battery energy storage (ES) technologies offer a wide range of power and energy densities, making them suitable for both short-term and long-term 

operations in electric power distribution grid. There are plenty of battery technologies available on the market. Five most promising battery technologies: 

lithium-iron LFP (Li-Fe-PO4), lithium-titanium (LTO), nickel-zinc (NiZn) electric double-layer capacitors (EDLC), lithium-ion capacitors (LIC). These are 

innovative technologies, however present the market maturity level enabling application in prototypes that will be tested in real conditions. 

Implementation of ES in electric power networks should precede multi-technical and economic analysis. Selection of the suitable energy storage 

technologies should include:  

▪ the location and space requirements (mass density and volumetric energy and power);  

▪ dynamics of the charge / discharge (C-rate), 

▪ cyclic depth of discharge (DOD), 

▪ lifetime (cyclic, and calendar), 

▪ efficiency of energy storage, 

▪ instructions for use and maintenance (including security), 

▪ investment cost, 

▪ average operating cost (e.g. LCOE parameter - Levelized Cost of Energy), 

▪ scalability, mobility, modularity, 

▪ other.  

Implementation of the recommended analysis should be preceded by a determination of the scope of system services, which in a large extent, determine 

technologies and control strategies that will be applied as well as evaluation of the expected dimensions of the system. System services can be divided into 

two main groups:  

▪ applications in the process of improvement of power quality parameters, which require higher instantaneous power and lower energy, 

▪ applications in the power management, characterized by relatively smaller instantaneous powers, but requiring high energy.  

Due to technological limitations, important parameters of batteries are interdependent, and their mutual relationship are unknown. The interdependencies 

between parameters make them necessary to provide. The minimum value of one of them causes that the second is oversized, which considerably increases 

the investment costs. The choice of ES allows to realize a number of different system services which are technologically limited and hence not optimal. On 
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the other hand, a very large diversity of the parameters of batteries, offers significant opportunities for technical and economic optimization of the energy 

storages dedicated for the specific system services. Preliminary economic analysis, based on a comparison of cost parameters of the energy storage in the 

whole life cycle of the storage (LCOE - Levelized Cost of Energy) specified for individual system services have shown that under present conditions the most 

economically justified is to provide services related to improving the power quality parameters. 

 

 

Figure 11. Exemplification of summarized preliminary investigations results concerning properties of selected battery technology (1 - the worst, 4 - the best in each category) 

 

Dynamic technological progress accompanied by observed legislation tendencies indicate that DSOs will encounter significant challenges in the near future. 

These include, increasing number of prosumers, which will treat the power grid as the energy buffer (according to the current regulations of the Renewable 

Energy Sources (RES) Act) at the same time increasing the pressure for assurance of the power quality parameters, the development of fast charging 

infrastructure for electric car and electric public transport, connected with high instantaneous power demands. The anticipated models of power system 

development, assuming necessity of the assurance of high peak power for relatively short time (fast charging) and connection of disturbing 

loads/generators (RES), in terms of the lack of measures for dynamic voltage control in low voltage (LV) grid, seem to be very disadvantageous for DSOs. 

In-depth preliminary studies have indicated that the development of the dedicated LV energy storages (ESs) is the best allowable solution, offering system 

services that would meet the emerging challenges with reduced operating costs of applicant. Moreover, the usage of the LV ESs allows the applicant to 

provide ancillary services (expected in forthcoming regulations), e.g. delivery of energy of the improved quality parameters, which cannot be realized using 

classical methods. 

Ancillary services 

According to the regulation of the Energy Law Act the Distribution System Operator (DSO) is a company dealing with the distribution of energy, involved 

in energy distribution networks in order to deliver energy to their customers. The DSOs are responsible for network traffic in the distribution system, 

current and long-term functional safety of the system, exploitation, conservations, overhauls, and necessary development of the distribution network. 

Moreover, DSOs have legal obligation to connect to the distribution network all customers, which fulfil technical requirements. In this context the 

development of the new technologies might be a big challenge for DSOs. In the near future the dynamic growth of the e-mobility sector is expected. This 

is connected with an emergence of the new types of loads on the electricity market. In case of the small cars the main challenge is linked with 

unpredictability of these types of loads caused by their mobility. In case of the public transport various concepts of the electric bus charging are still 

developed and tested. The revolutionary changes connected with e-mobility techniques development require elaboration of the new system services 

offered by DSOs in order to fulfil the statutory obligations. The elaboration of new services implies development of innovative technical solutions ensuring 

cost-effective, reliable realization of the elaborated services. For example, one of the public transport scenario assumes installation of small battery packets 

in buses, which can significantly reduce cost (battery might constitute 40% of the bus cost) and overall weight of buses, contributing to the increase of 

energy efficiency of transport process. However, this scenario requires installation of relatively high power (above 300kW) charging stations equipped with 

pantograph connections on bus routes. The localization of such charging stations in city centres usually requires substantial grid reconstructions caused by 

high power demand of charging stations. In fact, high power demands occur only during short charging events when buses stay on stops on the route. The 

peak power might be significantly reduced by energy storages, averaging power consumption, significantly reducing the required scope of work. 

Additionally, DSOs can localize the energy storages in transformer stations, saving valuable space near bus stops. 

In order to deal with the wide spectrum of the expected problems elaborated energy storages should cover realization of the general system services:  

▪ voltage regulation,  

▪ reduction of the peak power,  

▪ compensation of the reactive power,  
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▪ improvement of the dynamic parameters in renewable energy source connection point,  

▪ compensation of current harmonics. 

In the context of introduction of quality regulations in 2016 and emergence of the new technical solutions operating with the distribution grid, e.g. 

connected with e-mobility development or micro sources, realization of the above mentioned system services might be particularly important and 

application of energy storages for system services realization technically and economically justified. The dynamics of the power electronic interfaces and 

possibilities of implementation of dedicated, especially elaborated control strategies cause that the energy storages, become the solutions offering 

technical parameters of the provided services unattainable for alternative classical solutions. The voltage regulation might be realized by both active and 

reactive power control introduced to the power system from batteries by means of the power electronic interface. An application of the energy storage in 

the selected power system points can significantly reduce exploitation costs of voltage regulation using the off-load tap-changers. The possibility of the 

reactive power compensation offered by energy storages might be used for the reduction of the technical losses in low voltage distribution system. The 

results of the preliminary investigations have revealed that the new control strategies of the energy storages may enable reduction of the negative influence 

of renewable energy sources, connected with unstable primary energy supply, by means of the improvement of dynamic parameters at the low voltage 

connection point, using relatively small, dedicated energy storages. The announced introduction of the regulations concerning limits of maximum allowable 

levels of the current harmonics in power system, would additionally justify their compensation. Besides fulfilment of the requirements of planned 

regulations compensation of the current harmonics contributes to the significant reduction of the loses in the power transformers, linked with a magnetic 

hysteresis and eddy currents. 

Ancillary and grid management services form an important potential revenue stream for storage, which can provide much value to such services, given the 

controllability, fast response, and modularity of storage technologies. It is essential as storage investors/operators are more and more considering multiple 

revenue streams in their business cases. Thanks to its controllability, fast response and modularity, policy makers, regulators and network operators have 

recognized the contribution storage can bring to system security and stability. 

Ancillary services may be separated between balancing and non-frequency services, while grid management services (for congestion management) are a 

third category. 61 Network operators play a central role in procuring these services as they are tasked with guaranteeing the system security. 

Pumped hydro has traditionally been the storage technology most commonly providing balancing and non-frequency ancillary services. Recently, batteries 

have made inroads in multiple Member States, either through market-based procurement or more rarely experimentation by network operators. Besides 

front-of-the-meter storage, active customers and behind-the-meter storage have a strong potential to participate in the provision of these services, 

including via vehicle-to-grid applications. 

It is generally acknowledged that storage can provide similar services to the system similar to other flexibility resources and should hence be treated equally 

in a technology-neutral approach. However, an equal approach may constitute a barrier to entry if the technical characteristics of storage, such as more 

limited discharge durations, are not properly considered when designing the products to be procured.  

National regulators and network operators recognise the increasing flexibility needs which arise from the penetration of intermittent renewables. They 

are conducting studies to better understand the potential role of storage technologies, estimate future flexibility needs and implement pilots in multiple 

Member States, even in those where there is at the moment barely any participation of storage in the provision of ancillary services. 

Ancillary services markets are less developed than energy markets in terms of depth, liquidity, and cross-border integration. Moreover, procurement of 

ancillary services is frequently not market-based, or some services are imposed to network users and hence not remunerated (or only partly). This applies 

especially to non-frequency ancillary services. Participation of storage in ancillary service provision is currently hence limited in many Member States. 

Participation in balancing services is more advanced, while non-frequency ancillary services present higher barriers to storage. 

Concerning balancing services, frequency containment and replacement reserve markets are more frequently accessible to storage, in particular pumped 

hydro, while batteries are still rarely admitted, except in Central-Western Europe. Also, the limited market size can lead to the dominant participation of 

few large flexible generators (including hydropower) in detriment of potential market entrants. Moreover, the approach per Member State varies, with 

storage not being eligible to provide services in at least one of the national balancing markets in almost all Member States. This is partially a consequence 

of national regulatory frameworks not defining and addressing energy storage consistently. 

In addition to these barriers to entry, the design of balancing markets represents barriers to participation. Parameters such as requirements for symmetry 

in the provision of upward and downward balancing, or minimum balancing energy provision duration are barriers in some Member States. Various 

stakeholders have indicated concerns regarding the provisions of the recast Electricity Regulation concerning the limit of 12 months to balancing 

contractual durations, indicating that it would be insufficient to provide the certainty required for long-term investments. However, theoretically storage 

operators are still able to establish contracts of a larger duration with balancing service providers and/or responsible parties. 

The possibility of storage to provide non-frequency ancillary services is even more rare than balancing services. This is especially valid for batteries, which 

in most Member States cannot provide voltage control nor black-start services due to the way these services are procured. Moreover, generators are in 

multiple Member States obliged to provide these ancillary services, with the consequent inexistence of organized markets for their procurement. 

Finally, the storage participation in grid congestion management is at present limited to pilot projects focusing on battery systems. Although limited in 

scale, these projects are taking place in multiple Member States, in recognition of the modularity and controllability of the technology. Nonetheless, 

national regulations in many Member States still need to provide a level playing field for the procurement of such services by DSOs, while guaranteeing 

that all flexibility resources are in network development plans considered equally with network expansion. The implementation of dynamic or time-of-use 

network tariffs and end-user prices at the distribution level could incentivize distributed flexibility resources including storage, but variable tariff and price 

signals are not yet common practice. 



 
 

 

 
                                        Project funded by European Union’s Horizon 2020 
research and innovation program under the Grant Agreements n 952851 

  Page: 53 

 
  

 

   

 

Concerning the access of storage to balancing markets, the best examples are the balancing markets of Central-Western Europe and the British Isles. There, 

multiple Member States allow storage to provide capacity (and more limitedly energy) frequency containment reserves (BE, DE, FR, UK, IE). In addition, 

several countries (FR, BE, AT, DE, SL) allow pumped hydro to provide automatic frequency restoration reserves, while the Netherlands allows batteries in 

this market.  

One positive development is the cross-border integration of balancing markets. The Electricity Balancing Guideline sets requirements concerning separate 

upward and downward balancing procurement, the imbalance settlement period and other aspects which will eventually be implemented across Member 

States. The Baltic Interconnection Project is also leading to the integration and improvement of balancing markets in the Baltic States.  

Multiple projects are ongoing for market-based procurement of balancing reserves, for example in Italy, Finland, Denmark, the Netherlands and Portugal. 

For example, TenneT and other partners are working on blockchain-based projects to sources flexibility services from EVs and residential storage to the 

TSO. It is also worthy to note the important participation of storage operators for the provision of balancing services in Hungary, with multiple battery 

projects in the recent years. 

When considering the market environment, it is important to acknowledge that there is a fundamental shift in the cost structure of electricity generation. 

The costs of the future generation capacity of renewable energy sources are mostly fixed, with high upfront investment (capital costs) and low or zero 

operational costs. These renewable energy resources require flexibility solutions to handle their intermittent nature. Some flexibility options, such as 

storage, have similar cost structures as renewables (i.e., mostly fixed costs). The paradox of the current market situation, however, is that the business 

case for storage facilities to match supply and consumption (energy arbitrage) has been eroded due to the effect of the RES on price formation (i.e., the 

spread between high and low wholesale prices is too unpredictable and, in many cases, too flat to accommodate the investment decision). Given the policy 

targets and the requirements of the market for flexibility, it makes sense to use all the electricity that variable RES can produce. There is the need for a 

more integrated system approach, given the challenging environment. The TSOs should be involved in defining the European needs for different flexibility 

service levels to be provided by the market. These options should provide the system with a clear framework for investment in order to remove existing 

barriers and to minimise the risks. When markets do not provide the right price signals for investment decisions in flexibility services, one way to push 

these investments for a limited time would be to procure part of the capacity with a long-term regulated contract to support the business case. This would 

secure the investment by a fixed revenue stream for part of the capacity. These costs would then be included in the regulated costs of the TSO, which 

effectively makes the contract regulated without actually regulating the returns of the party who invests in the storage facility. 

Another way to push forward the market could be for a TSO to own a storage facility as a regulated asset and auction its capacity to the market for all 

relevant timeframes (intraday, day-ahead, month-ahead, and year-ahead) as TSOs are doing today with the capacity of interconnectors. This option is in 

line with the unbundling principle that ensures that TSOs are not actively engaged in trading. This would also facilitate market parties, as it alleviates 

barriers to entry for new market entrants that require access to flexibility but do not have the resources to invest in it on their own. 

Constant growth of variable renewable energy generation increases the complexity of the power system operation. In order to manage these changes, 

TSOs require an increased level of system services that will meet higher quality standards (i. e., response time and flexibility range).  

The current service providers, whose primary activity is not the provision of system services but the production of electricity, are facing strong competition 

in the energy market, which influences their participation in the market for system services. Consequently, there is a risk that some power systems could 

be faced with a scarcity of conventional generation sources that provide system services. The current developments require an appropriate market design 

of system services that goes beyond the presently established models allowing all types of flexibility, such as demand-side response or storage to 

participate. In this sense, some energy storage technologies have reached a level of maturity sufficient to make them eligible for the provision of system 

services.  

Thus, the potential of different storage technologies to provide system services and to compete with other conventional technologies on the market of 

system services primarily depends on:  

▪ The type of system service and the technical capabilities of the storage technology in terms of energy storage capacity, power range, response 

time, etc., and  

▪ Legislation that encourages markets to develop, including the access of distributed storage to the market for system services.  

However, not all services are expected to be delivered by a functioning competitive market due to limitations in the scale of the market or because they 

are bound by location. To facilitate the integration of storage into the market of system services, TSOs will have to define technical requirements for the 

delivery of the services. 

On the longer term, yet within the 2030 horizon, high variable RES penetration will require new system services regarding core synchronisation of the 

network: i) provision for inertia and ii) provision for short circuit power. It is likely that storage could be used for the provision of both of these services. 

Furthermore, it is of considerable importance that the reliability of the system can be monitored and supervised by the TSO. This would imply that the TSO 

should have access to the data of central and distributed storage facilities for system security in all relevant timeframes, as defined by the System Operation 

Guidelines. This is especially important, as not all storage assets would be directly connected to the transmission grid. 

This requires more flexible tools for system operation and network planning. Storage is one source of flexibility for the grid among others, such as:  

▪ Dynamic monitoring of assets, enabling to operate them in real-time limits, 

▪ Dynamic grid configuration, such as phase shifters, 

▪ Flexibility of consumption and of generation.  
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The TSO should evaluate all possible technologies when making investments. Moreover, ENTSO-E anticipates that energy storage technologies will gain 

importance due to increasing performance and decreasing costs of new storage solutions; hence, this alternative should be investigated further.  

Electrical energy storage allows handling intermittent congestions. By simultaneous charging and discharging, the power flow in lines can be changed 

without affecting the overall system and market balance (as shown in the Figure 12). The example does not consider the effect of losses. 

 

 

Figure 12. Simplified example of neutral use of storage for congestion management [7] 

The location of storage units, the installed available power, and the size of the storage units (energy) are key to achieve this effect. A fleet of storage units 

may be operated at zero overall balance by the TSO (see illustration above), and hence with a pure transmission effect. This will require additional 

technological development. Therefore, research and innovation are needed to ensure that future networks can also leverage technological developments 

of storage. The storage asset would then be treated as other regulated assets. The transmission capacity would be made available to the market like the 

availability of a power line. The framework for settlement of losses occurring in the storage facility should be further developed. The example above 

demonstrates that storage can be used for different purposes in the network. It could be used as a complement to increase the flexibility in the network, 

or it can be used as a temporary measure to avoid the curtailment of RES while waiting for the required grid expansion. This extension would then serve 

as a permanent solution, which is required when RES shares are expected to increase and would result in the permanent need for transportation capacity. 

Provided the technical and economical properties are favourable, electrical energy storage, together with other sources of flexibility, may help in optimising 

the whole network development plan, including lowering the costs of RES integration to the electrical system and supporting the ability to cope with public 

acceptability challenges. 

Identification of market demand 

Changes in energy efficiency in the power system are quite rapid because of visible trend towards the need to increase energy savings by end-users, and 

to reduce the energy consumption used by these devices. The answer to these needs is placing in the energy market on an increasing scale: energy storage, 

installed on all levels of the distribution networks, primarily on low-voltage networks and for customers supplied with these networks. This leads to the 

development of networks based on centralized and decentralized hybrid network of new opportunities for consumer demand management. Results of 

project activities are also consistent with the EU recommendations of the European Directive and the Polish legislation on the energy efficiency which 

means that operators are required to maintain reliable operation of the network, including modernization of the network elements, the construction of 

new sections of lines, installation of transformers, suitable devices and regulating devices compensating disturbances in the network. An alternative 

solution to improve the operation of the power system is the use of working energy storage devices.  

The problematic issue for all Operators is to offset existing high-speed, short-term incidents, which cause worsening the power supply parameters such as 

fluctuation in production generation of renewable and rapid load changes, or the emergency shutdown of line or generating units, which may consequently 

lead to the receipt of penalties for failure to meet the required quality energy parameters. The project result - selection of the optimal technology to make 

battery and to develop control algorithms for energy storage will contribute to compensate for power fluctuations, fluctuations in frequency, voltage 

unbalance, current and voltage harmonics (THD), power interruptions caused by discontinuous operation of equipment.  

The benefits of the optimized battery can be achieved in many different power subsectors: generation, transmission, distribution, energy trading, and 

above all it may be essential for the end users (among others quality of supply dependent industry). In addition, benefits can be achieved outside the 

electricity sector, e.g. by reducing emissions and CO2 emissions.  

Another project market demand can be found in e-mobility area. For example, cities that expressed intentions to introduce electric public transport. Such 

changes will require substantial investments in distribution of grid infrastructure. Some of the expensive investments (e.g. connected with reconstruction 

of the grid, forced by high power demand of fast charging stations) might be avoided thanks to the application of the elaborated energy storage in neuralgic 

points of the grid. However, currently such solution is not offered on the market. Moreover, in the case of the integration of energy storage with charging 

stations the valuable area near bus stops should be used for realization of the service. Providing of such service by DSO could be realized by means of the 
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installation of the energy storage in transformer stations. Planned optimization of the energy storage will contribute to the reduction of the fixed costs of 

service realization. In spite of the fact that the development of e-mobility seems to create the biggest market, the subsidiary services offered by energy 

storage application could be offered for customers whose distorting loads do not fulfil basic technical conditions and cannot be connected to distribution 

grid. 

Until recently, commercial energy storage technologies existing on the market offered high values of available instantaneous power (supercapacitors) or 

high-energy values (battery trays). In a few years we will be able to use hybrid technologies, which combine these two types of technology together in one 

device. Among the battery the highest values have trays in the technology of lithium with the longer market maturity and debuted on the market nickel-

zinc battery.  

Initial economic analysis, based on a comparison of parameters of the cost of energy storage in the whole life cycle of the reservoir (LCOE - Levelized Cost 

of Energy) set for each system services has shown that under current conditions the most economically feasible is to provide services related to improving 

the quality parameters of electricity. A very significant impact on the economics had the selection of the technology of battery and their parameters to the 

specific requirements of the implemented system service. Unfortunately, suppliers do not provide data that describe the relationships between the various 

technical battery parameters that are necessary for multi-criteria optimization of energy storage, dedicated to the provision of a particular service system. 

In response to this technology market gap the project will carry out this research.  

 

Table 20. Global Energy Storage Database [8] 

All Energy storage operational projects 1 400 

Electro-chemical Battery 740 

Pumped and Thermal Storage 530 

Lithium–Ion Battery 30 

Hydrogene 10 

 

 

Figure 13. Operational + projects, PHS excluded, by country [2] 

 

Table 21. Operational projects sorted by power range. Global Energy Storage Database [8] 

Title Technology 
Sub-Type 

Rated 
Power 
(kW) 

Duration 
(hours) 

Service / Use Cases State Country 

Hornsdale Power 
Reserve 100MW / 
129MWh Tesla 
Battery 

Lithium-ion 
Battery 

100000 1,28 Frequency Regulation, 
Renewables Capacity 
Firming, Renewables 
Energy Time Shift,  

South 
Australia 

Australia 

Germany Residential 
Energy Storage 
Systems - 34,000 PV 
Battery Storage 
Systems @ 2 kW 

Lithium-ion 
Battery 

68000 3 Electric Bill Management, 
Electric Bill Management 
with Renewables,  

Multiple Germany 
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Kyushu Electric - 
Buzen Substation - 
Mitsubishi Electric / 
NGK Insulators 

Sodium-
sulfur 
Battery 

50000 6 Frequency Regulation, 
Renewables Capacity 
Firming,  

Fukuoka 
Prefecture 

Japan 

Nishi-Sendai 
Substation - Tohoku 
Electric / Toshiba 

Lithium-ion 
Battery 

40000 0,5 Frequency Regulation, 
Voltage Support,  

Miyagi 
Prefecture 

Japan 

Minami-Soma 
Substation - Tohoku 
Electric / Toshiba 

Lithium-ion 
Battery 

40000 1 Renewables Capacity 
Firming, Renewables 
Energy Time Shift,  

Fukushima 
Prefecture 

Japan 

Notrees Battery 
Storage Project - 
Duke Energy 

Lithium-ion 
Battery 

36000 0,67 Electric Energy Time Shift, 
Frequency Regulation, 
Renewables Capacity 
Firming,  

Texas United 
States 

Rokkasho Village 
Wind Farm - 
Futamata Wind 
Development 

Sodium-
sulfur 
Battery 

34000 7 Rokkasho 

AES Laurel Mountain Lithium-ion 
Battery 

32000 0,25 Frequency Regulation, 
Ramping,  

West 
Virginia 

United 
States 

Beech Ridge Wind 
Storage 31.5 MW 

Lithium 
Iron 
Phosphate 
Battery 

31500 0 Frequency Regulation, 
Ramping, Renewables 
Capacity Firming,  

West 
Virginia 

United 
States 

Grand Ridge Energy 
Storage 31.5 MW 

Lithium 
Iron 
Phosphate 
Battery 

31500 0,38 Frequency Regulation,  Illinois United 
States 

Invenergy Grand 
Ridge Wind Project 
BESS 

Lithium Ion 
Titanate 
Battery 

31500 0,38 Frequency Regulation, 
Onsite Renewable 
Generation Shifting,  

Illinois United 
States 

Imperial Irrigation 
District BESS - GE 

Lithium-ion 
Battery 

30000 0,67 El Centro 

Escondido Energy 
Storage 

Lithium-ion 
Battery 

30000 4 Electric Energy Time Shift, 
Frequency Regulation, 
Resiliency,  

California United 
States 

West-Ansung (Seo-
Anseong) Substation 
ESS Pilot Project - 28 
MW ESS - KEPCO / 
Kokam / LG Chem 

Lithium-ion 
Battery 

28000 3,2 Frequency Regulation, 
Transmission Congestion 
Relief, Voltage Support,  

Gyeonggi-
do 

Korea, 
South 

Golden Valley 
Electric Association 
(GVEA) Battery 
Energy Storage 
System (BESS) 

Nickel-
cadmium 
Battery 

27000 0,25 Fairbanks 

Anchorage Area 
Battery Energy 
Storage System 

Lithium-ion 
Battery 

25000 0,57 Electric Energy Time Shift, 
Electric Supply Reserve 
Capacity - Spinning, Load 
Following (Tertiary 
Balancing), Transportable 
Transmission/Distribution 
Upgrade Deferral,  

Alaska United 
States 

 

Theoretical analysis and preliminary experimental investigations have indicated that reduction of weight and dimensions of the power electronic interfaces 

as well as the optimization from realized services point of view, would enable installation of the energy storages on electric poles, which can significantly 

increase elasticity of their localization and reducing fixed costs of exploitation. The planned range of system services, implemented by the optimized energy 
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storage, will include: voltage regulation, reactive power compensation, improvement in the dynamic parameters at the connection point of RES, harmonic 

current compensation. In the context of planned qualitative regulation that is planned to be introduced, realization of proposed services may be particularly 

relevant for DSO and technically and economically reasonable.  

In addition, the use of appropriate control algorithms of interface energy storage can reduce the negative impact of renewable energy through improved 

dynamic performance at the connection point, using relatively small dedicated energy storage. Voltage ratio and short-term flashing lights factor 

improvement obtained this way will help to increase the number of available RES locations, without the need to invest in network infrastructure. Electronic 

Interfaces of energy storages will offer technical capabilities enabling the effective compensation of harmonic currents, which except fulfilling the 

requirements of the planned quality regulations will contribute significantly to the reduction of losses to hysteresis and eddy currents in the transformer 

station. Such services are currently offered in the USA on the open energy market. The private company which offered the 1500MW lit-ion based energy 

storage won the tender for 1 s primary regulation (Load Frequency Control – LFC). The applicant is convinced that results of the project will be widely 

implemented in the near future and will give competitive advantage on the emerging market. 

The safe operation of the network becomes more and more difficult due to the rapid growth of renewable energy production with variable characteristics, 

and both manufacturers and consumers need to demonstrate their ability and determination to respond flexibly to this challenge. Including storage for 

the electricity markets has to increase the necessary flexibility: electricity should be stored where there is a surplus of supply and prices are low; it should 

be released when the level of production is low and prices high, which is aligned with the variable electricity production. In the near future we can expect 

changes in the rules of the internal market directives on renewable energy sources and energy efficiency, and the regulation on the energy infrastructure. 

Effective functioning of the electrical energy market is not possible without efficient operation of the necessary technical infrastructure, some of its most 

important ingredients are the systems of measurement and billing systems, telecommunication and information systems. These technological changes are 

the factors that affect the long-term effectiveness in the energy sector. One of the solutions is to implement smart grids, which allow balancing energy in 

the on -line in particular low-voltage circuits. Currently research and development activities have been made on the market in order to develop prototypes. 

The use of electricity storage facilities will contribute to increase the substantial energy efficiency both of the distribution system (balancing the load curve) 

and its customers - consumers of electricity. In addition, the magazines can be a source of intervention during the accident or during sudden increases in 

load. You can also note that the use of large energy storage may be an alternative solution for building new power plants. 

Daily flexibility needs 

On a daily basis, if the residual load were to be flat, no flexibility would be required from the dispatchable units. Indeed, in such a situation, the residual 

demand could be met by baseload units with a constant power output during the whole day. In other words, a flat residual load does not require any 

flexibility to be provided by dispatchable technologies. Therefore, we define the daily flexibility needs of a given day by measuring by how much the residual 

load differs from a flat residual load. The daily flexibility needs computed in this report are obtained by applying the following procedure: 

1. Compute the residual load over the whole year by subtracting variable RES-e generation and must-run generation from the demand.  

2. Compute the daily average of the residual load (365 values per year).  

3. For each day of the year, compute the difference between the residual load and its daily average (the light green area shown on the Figure 14). 

The result is expressed as a volume of energy per day (TWh per day)  

4. Sum the result obtained over the 365 days. The result is expressed as a volume of energy per year (TWh per year) 

 

Figure 14. Illustrated of daily flexibility needs [2] 

 

Weekly flexibility needs 

The same reasoning is applied to evaluate the weekly flexibility needs. However, in order not to re-capture the daily phenomena that are already taken 

into account by the daily flexibility needs indicator, we define weekly flexibility needs as follows:  

1. Compute the residual load over the whole year by subtracting variable RES-e generation and must-run generation from the demand with a daily 

resolution  

2. Compute the weekly average of the residual load (52 values per year)  

3. For each week of the year, compute the difference between the residual load (with a daily resolution) and its weekly average (the light green area 

shown on Figure 15). The result is expressed as a volume of energy per week (TWh per week).  

4. Sum the result obtained over 52 weeks. The result is expressed as a volume of energy per year (TWh per year). 
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Figure 15. Illustrated of weekly flexibility needs [2] 

 

Seasonal flexibility needs 

Finally, the seasonal flexibility needs are defined in a similar way:  

1. Compute the residual load over the whole year by subtracting variable RES-e generation and must-run generation from the demand with a monthly 

time resolution  

2. Compute the annual average of the residual load  

3. Compute the difference between the residual load (with a monthly time resolution) and its annual average. The result is expressed as a volume of 

energy per year (TWh per year) 

Electricity storage can provide value both to network users (generators and consumers) and network operators. Hence, the role of network operators in 

the ownership and operation of storage and the consideration of storage as a competitive activity have been extensively debated in the run-up to the Clean 

Energy Package, and afterwards. 

Proponents of the separation of storage from regulated network activities argue that if allowed to own and operate storage, network operators would 

enjoy an unfair competitive advantage for several reasons. These include that network operators are responsible for providing connection and access to 

networks and could hence disadvantage other potential storage operators to favour their own projects. Also, being responsible for the operation of the 

electricity system, network operators have a better knowledge of the electricity system, which leads to information asymmetry. Furthermore, being 

regulated, network operators’ activities have a lower risk, and thus they have access to capital at a lower cost than market parties. Finally, the combination 

of network and storage activities could lead to cross-subsidisation and distort competition between storage operators, and between storage and other 

flexibility resources, such as demand-side response or dispatchable generation, on the other hand. 

Arguments in favour of network operators playing a role in electricity storage activities revolve around the still incipient role of storage technologies 

(especially batteries and power-to-gas) and the need for innovation. Excluding network operators from storage activities would hinder experimentation in 

new technologies, in a context of potential lack of market interest. Furthermore, regulated investment may drive the deployment of storage technologies, 

at a faster pace than what would be achieved by the market. Storage technologies can also be combined in multiple network points in order to create 

‘virtual’ lines, in a similar manner to conventional network investments. Moreover, some promoters argue that adequate models exist to take advantage 

of the expertise of network operators while guaranteeing that storage remains a competitive activity, with network operators acting as “storage service 

providers” to the market. 

Tariff component 

This topic addresses grid charges that are applied to users of transmission and distribution networks. Usually, end-users pay grid charges on the basis of 

the amount of electricity taken off from the grid (€/MWh), and/or on the basis of their connection capacity or their peak capacity taken off from the grid 

(€/MW). Generators pay in some countries also grid charges depending on their injection volumes and/or capacity. Energy storage can physically be 

considered as both producer and consumer, and therefore both types of grid charges (double grid charging) apply in several Member States as storage is 

not specified in the regulatory framework, notwithstanding the potential contribution of storage to avoiding or reducing network congestion and 

investments. This is considered as a distortion and a major barrier to the deployment of storage. However, for some grid operators, network tariffs should 

cover and reflect the actual use of the network. As a result, storage must pay the off-taking tariff when it takes off energy from the network, as any other 

consumer site does and pay the injecting tariff when it injects, as any other production site does. Any policy-related levies (such as for supporting renewable 

energy) recovered through the network tariff component are similarly detrimental. 

Storage installations benefit in some Member States of grid charges exemptions, or specific tariff rules. These exemptions can be specific per technology, 

application or grid service. Due to the variety of storage technologies, potential applications and services, a case by case exemption regime can be complex 

and difficult to apply in practice. Exemption regimes for storage can apply to transmission or distribution charges only or to both, with some differentiation. 

Storage can specifically be addressed in the grid tariff regulation via two approaches: either by incentivizing specific storage technologies to support their 

uptake or by eliminating distorting practices (e.g. double grid charging) and reflecting in the tariff setting the potential benefits of storage to the network. 

In the second case, the approach should be the same for all types of storage, independently of the technology, application or service. 
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More generally, locational or temporal signals in network tariffs could be used to incentivise investment and operational decisions of network users, 

including of storage operators. However, the benefits of such signals must be weighed against the costs of implementing these measures. It is important 

to differentiate between locational and temporal signals, between the transmission and distribution levels, and between the network connection and 

access charges. They must not be confused either with signals for energy prices either. Therefore, the interactions between the different possible signals 

that can be provided to network users through network tariffs and energy prices should be considered, as well as the current practices across the EU, in 

order to identify the most appropriate approach balancing benefits and costs. 

The deployment of storage can also be hindered by grid connection and access rules, such as technical specifications, agreements or contracts. This might 

in particular be a hurdle for small scale systems, if they have to comply with the same specifications and procedures as large projects. If grid rules and 

codes do not properly take into account the specific status and characteristics of storage, the administrative and technical burden for storage can be 

disproportionate and constitute a major barrier. 

Net metering for small scale prosumers (consumers, usually households, equipped with a production unit behind-the-meter) discourages active 

participation in the market. It also limits the interest to opt for hybrid solutions consisting of a storage and production unit allowing to increase self-

consumption. Net metering is hence a major barrier to behind-the-meter storage. The new electricity market Directive introduces limitations to new net 

metering schemes for active consumers. 

 

5.3 Integrate renewables with productive process 

In this section an approach to the integration between renewable energy sources and different productive processes is going to be threated. The 

combination of two systems can improve the overall system efficiency, stabilize energy production or improve economic performance. 

Even if there are more renewable energy sources, this chapter is only focused in those considered more interesting y with a greater study. Similarly, 

although any production process could be integrated with an energy plant, this section only considers those with a direct relationship with the energy 

source or those in which the benefit can become mutual.  

Volatility problem 

One of the biggest problems in some renewable energy sources is the high weather dependency [16] [17], for example wind or solar energy. This volatility 

can affect the business around the generation of renewable energies in several ways.  

First of all, as the marginal cost of the renewable energies is near to zero [18], these are less interesting when having to return the initial investment. 

Additionally, the generation of energy in certain time with these marginal costs at certain times, due to weather dependencies, can impact on the consumer 

attitude, as the price is going to vary too often. 

On the other hand, a problem directly related to the weather dependency is the sizing of the energy plants. Companies can dimension their energy plants 

based on expected demand and historical weather data, there is not certain that the energy generated is going to be enough to supply expected demand, 

as weather could change. A possible solution to this problem could be oversize the plants to ensure sufficient production capacity. However, this solution 

show two problems: even with oversizing, it still depends on the weather and over dimensioning implies higher initial investment for an energy production 

that initially is not going to be demanded by customers, and it has been commented before, initial investment can be hard to recover. Therefore, the 

oversizing by itself can be a solution, but it is quite limited in some respects. 

The problems related with the volatility in the energy generation from renewable sources could be solved with different storage mechanism as batteries 

[19], however these not generated any direct return of investment and still have issue of long-term storage [20]. Another solution to avoid the volatility is 

use the extra energy to produce hydrogen and storage it, instead of saving the electrical energy directly to batteries. Hydrogen has a lot of advantages over 

batteries, which will be mentioned later, for now, it is only important to note that hydrogen can be sold to others (making a direct benefit) or used to 

produce energy when renewable sources produces low energy. In this second case, hydrogen will behave as “battery”. 

In the same way that extra energy can be used to produce hydrogen, it can be employed for any other production process, nevertheless, the most 

interesting ones are those which are directly related with the energy generation process or which get some bonus benefit. In this scenario there are two 

water related process: the first one is high energy consumer, the desalination plants [21] [22], and the second is the water pumps. 

These two water process allow companies to have over dimensioned plants without the fear of not using the extra energy generated. In that scenario, the 

energy plant can assign all its resources to deliver power to customers in valley times, and only the required in peak moments, being able to allocate the 

remaining production capacity to an own productive process. This mechanism will also generate improved performance for two reasons: 

▪ When the energy produced from renewable sources is lower, the energy price is going to be higher, allowing higher profitability. This was the case 

up to now. 

▪ When the energy produced from renewable sources is bigger, the energy price is going to be lower, decreasing the benefit. But, with an own 

productivity process, some extra energy, generated from the oversizing, can be intended to it. The rentability of that second process is going to be 

higher than the normal (remember that energy price was lower than the average). 

This reasoning can be also applied to the hydrogen production, as it could be also sold. 
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In the following lines, a more detailed description of the different production processes will be made and how they can be related with different renewable 

energies sources. Notice that there are a lot of different industries which could be directly connected to the energy plant, but only those with more 

synergies, mutual benefits or more development have been included. 

Hydrogen 

Hydrogen is seeing as a promising way for storing and exporting renewable energy to achieve a 100% renewable and sustainable hydrogen economy [23]. 

The renewable energy is intermittent due to nature of these resources, this requires technical adaptation to balance supply and demand.  

Renewable energy needs large-scale energy storage systems to deal with its own variability and intermittency. Large-scale energy storage will increase the 

renewable energy penetration into the current energy system [23]. This storage system cannot be considered as an ordinary one, since it must be able to 

decouple supply and demand by hours, days and season. At this point conventional batteries which storage electrical energy are not seen as the best 

option, hydrogen can store energy for long periods of time, it is much easier to handle, it is lighter than batteries lithium-ion for the same amount of 

energy, thanks to higher energy density [20].  

Hydrogen produced with electrical energy from renewable energy sources can be used to store the excess electricity and improve the plant-load factor 

and efficiency in small scales [24]. In a scenario of renewable production, a minimum market price would be marked as more profitable time to use 

electricity to produce hydrogen. Lower prices would imply hydrogen production, which would represent an increase in demand and finally a market 

equilibrium would be reached [20]. 

Notice that hydrogen can be also sold to external consumers as it is used in different industries: fertilizer production, petrochemical refining, semiconductor 

manufacturing, etc. [23]; and its demand is growing every year, see Figure 16. Currently hydrocarbons are the main feedstock used got hydrogen 

production, the need to increase the integration of renewable technologies, as fossil fuels are declining and Greenhouse effect is attracting greater 

attention [24]. 

 

Figure 16. Global demand for pure hydrogen. Fuente: The future of hydrogen, 2019 (International energy agency) [25] 

Currently, many studies have shown that hydrogen produced from renewable energy has the potential to reduce considerably carbon emissions in a large 

range of industrial applications. However hydrogen has to be considered as an energy carrier, it is storable, transportable and utilizable, but it is not an 

energy source [23]. 

Hydrogen production 

Hydrogen can be produced in several ways, but the interest here is only focus in the main renewable energy modes: 

▪ Biomass process. 

▪ Water splitting with renewable energy. 

Biomass process 

Biomass is a primary energy renewable source derived from plant and animal material [24]. Although, CO2 is release when biomass is utilized for 

energy production, this amount of gaseous emission is equal to the amount that absorbed by organisms when they were still living [26]. 

There are two methods to produce hydrogen from biomass: 

▪ Thermochemical processes: they are faster and stoichiometric yield of hydrogen with gasification being a promising option based on 

economic and environmental considerations [24]. 

▪ Biological processes: they are more environmentally benign and less energy intensive, but low rates and yields of hydrogen depending on 

the raw materials used [24]. 
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Water splitting 

Water is an abundant and inexhaustible raw material in Earth and can be used for hydrogen production through water-splitting. This technique 

required energy, if the energy input is provided from renewable energy sources, the hydrogen produced will be the cleanest energy that could be 

used by mankind [24]. Water-splitting can be done through different process: 

▪ Electrolysis: Electrolysis is an established, well-known and the most effective method [27]. The reaction is very endothermic, so it is 

required high energy input provided by electricity to produce extremely pure hydrogen [28]. 

▪ Thermolysis: Thermolysis or thermochemical water splitting is the process at which water is heated to a high temperature until 

decomposed to hydrogen and oxygen [24]. The required temperature can be too high to make a single-stage decomposition, over 2500ºC 

[23]. Since sustainable heat source cannot achieved that, several thermochemical water-splitting cycles have been proposed to lower the 

temperature and improve the overall efficiency [24], but the temperatures required are still high, over 1000ºC in some cases [29]. The still 

high temperature needed can be supplied by solar heat, and the focus is in progress on solar collectors [24] [27]. 

▪ Photo-electrolysis: Photolysis is the process of absorbing the energy of visible light with some photo-catalysts and then using the energy 

absorbed to decompose water into hydrogen and oxygen [24] [30]. 

 

Desalination plant 

Desalination plants are each year more necessary due to drinking water scarcity and the  water consumption rising as it is showed in Figure 17. However, 

this industry has been an energy intensive industry, historically relied heavily on fossil fuels, with an important amount of CO2 emitted [22]. 

 

Figure 17.  Global freshwater consumption. Fuente: Water use and stress, 2015 (Ritchie H. & Roser M. [31]) 

 

One of the proposal solutions is combined power and desalination plants, working together to efficiently utilize resources to create energy, potable water 

or both. Besides, change fossil fuels for renewable energy can reduce desalination operating costs. Desalination process are powered mainly by electricity, 

but a major of large desalination plants in the Middle East Gulf do operate through thermal processes. However, this is not a problem, as both may be 

supplied through clean and renewable energy [22]. 

At this point solar panels looks like a great source of energy for desalination plants, as they can produce electricity, heat or both in function of the 

requirements of each desalination processes. Also, wind power stands out as the most accessible means of powering desalination, being an especially 

promising route for decarbonizing desalination. 

Desalination with renewable energies key seems to be in not used all your energy to desalinize water, just use some proportion of the output energy and 

then only feed fluctuation into the grid. This is due to the desalinizes would need some modifications to be able to have variable speed drive in function of 

the power supply [22]. 

Floating wind desalination plants are also a great idea. These plants are able to access to deeper water, which needs lower pre-treatment costs and better 

quality of seawater, reducing desalination costs. Also, further out to sea, wind’s strengths are strong and reliable, but deploy fixed-bottom foundations is 

infeasible [22], they must float.  

 

Desalination process 

Desalination is the process of remove salt and other impure waters from wastewater with different technologies. Some of the most common are: 
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▪ Membrane technologies. 

▪ Thermal technologies. 

 

Membrane technologies  

A membrane is a thin porous film, that allows water molecules to pass through it, but not other larger molecules. Membrane treatments use 

pressure driven or electrical driven: 

▪ Reverse osmosis: reverse osmosis use osmosis phenomenon, pressure difference between saltwater and pure water to remove salts from 

water. A pressure greater than the osmotic pressure must be applied on saltwater to reverse the flow, passing through a synthetic 

membrane [32]. These mechanistic needs energy to operate the pumps that raise the pressure applied to saltwater. 

▪ Electrodialysis and electrodialysis reversal: Electrodialysis uses electromotive force applied to electrodes adjacent to both sides of a 

membrane to separate dissolved mineral in water. Electrodialysis is an effective salt removal method [32]. 

Thermal technologies 

Thermal technologies are based on evaporate water and distillation processes. Modern thermal-based methods are focus on dual-purpose: power 

and water desalination systems. Some common processes include multi-stage flush, which have been used in the Middle East [32].  

Solar energy is gaining interest [33], not only with this method, as solar panels can be used versatilely and adjusting them in function of energy 

market price, supply and expected demand and specified necessity of each area and plant. 

 

Water pumps 

Water pumps are maybe the easiest application of the mentioned in this section. Water pumps are basically a direct connection between a renewable 

energy source and a water common electrical pump. Water pumps connected to renewable energy sources are required in remotes and rural areas in 

where the grid circuit cannot reach and is not profitable.  

In rural remotes areas water is required for irrigation, so cannot be manage in other way than water pumps combiner with renewable sources, as grid 

circuit extension will not be profitable. Superficial fresh water represents less than a 1% of the total fresh water in the Earth , for this reason, for large 

amount of water, as for irrigation, obtain fresh groundwater is a must, which implies a 30% of the fresh water. 

Also, water pumps are fundamental to extract deeper water in wind-desalination plants. In that scenario wind energy could be used for three duties: 

extract deeper water, desalinate it and inject to the grid the surplus. 

 

5.4 Energy communities 

In the following section, the definition, types, and advantages of energy communities in its role to integrate distributed renewable energy is introduced. 

The barriers that energy communities present are also listed. The main cases at European level of this kind of consumer/prosumer clusters are included to 

close the section. 

Definition 

The success of the energy transition depends not only on the origin of the energy being renewable, but also on the conscious participation of citizens in 

the electricity system. In this context, the European Union introduced the concept of the Energy Community through the 'Clean energy for all Europeans' 

package [34] in 2016. Since then, many different definitions of energy community have been developed by the different agents of the sector. However, 

European legislation includes this concept in two directives through two different names, the local energy community or citizen energy community (CEC) 

and the renewable energy community (REC): 

▪ Directive (UE) 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) [35] [36]: defines the renewable energy community as “a legal entity which, in accordance with the applicable national law, is 

based on open and voluntary participation, is autonomous, and is effectively controlled by shareholders or members that are located in the 

proximity of the renewable energy projects that are owned and developed by that legal entity; the shareholders or members of which are natural 

persons, SMEs or local authorities, including municipalities; the primary purpose of which is to provide environmental, economic or social 

community benefits for its shareholders or members or for the local areas where it operates, rather than financial profits.”  

Furthermore, it establishes that the Member States: 

‒ will ensure that consumers have the right to participate in a renewable energy community, while maintaining their rights or obligations as 

final consumers. 

‒ will ensure that renewable energy communities have the right to produce, consume, store and sell renewable energy, or to share within 

the community the renewable energy generated by the production units owned by that community and to access all appropriate energy 

markets both directly and through aggregation in a non-discriminatory manner. 

‒ will carry out an assessment of the existing obstacles and the development potential of renewable energy communities in their territories. 

‒ will provide an enabling framework to encourage and facilitate the development of renewable energy communities. 
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▪ Directive (UE) 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) [37] [38]: defines the citizen energy community as “a legal entity that is based on voluntary and open 

participation and is effectively controlled by members or shareholders that are natural persons, local authorities, including municipalities, or small 

enterprises; has for its primary purpose to provide environmental, economic or social community benefits to its members or shareholders or to 

the local areas where it operates rather than to generate financial profits; and may engage in generation, including from renewable sources, 

distribution, supply, consumption, aggregation, energy storage, energy efficiency services or charging services for electric vehicles or provide other 

energy services to its members or shareholders.”  

Furthermore, it establishes: 

‒ Member States will provide a favorable legal framework for citizen energy communities to ensure that participation in it is open and 

voluntary; that its partners or members have the right to leave the community; that its partners or members do not lose their rights and 

obligations as domestic or active customers; that the distribution system operator cooperates with citizen energy communities to facilitate 

electricity transfer between them in exchange for fair compensation assessed by the regulatory authority. 

‒ Member States may provide in the favorable legal framework that citizen energy communities have the right to own, establish, acquire or 

lease distribution networks and manage them autonomously. 

‒ Member States will ensure that citizen energy communities have access to all organized markets; benefit from non-discriminatory and 

proportionate treatment in their activities, rights and obligations as final customers, generators, suppliers, distribution system operators 

or market participants providing aggregation services; are financially responsible for the deviations they cause in the electrical system; are 

treated as active customers with respect to the consumption of self-generated electricity and have the right to organize within the citizen 

energy community a distribution of the electricity produced by the production units belonging to the community. 

‒ citizen energy communities will be subject to fair, proportionate and transparent procedures and charges, including registration and 

licensing, as well as transparent and non-discriminatory network access charges, reflecting costs in accordance with Article 18 of Regulation 

(EU) 2019/943, and ensuring that they contribute in an appropriate and balanced manner to the overall cost-sharing of the system.  

Nevertheless, citizen energy communities and renewable energy communities differ in different ways [39]: 

▪ Geographical scope: the Directive (UE) 2018/2001 keeps the tie to having local communities organized ‘in the proximity’ of renewable energy 

projects that are owned and developed by that community. The Directive (UE) 2019/944 does not bind citizen energy communities to the 

immediate vicinity or to the same geographical location between generation and consumption.  

▪ Activities: citizen energy communities operate within the electricity sector and can be renewable and fossil-fuel based (i.e. technology-neutral). 

Renewable energy communities cover a broad range of activities referring to all forms of renewable energy in the electricity and heating sectors.  

▪ Participants: any actor (natural persons, local authorities and micro, small, medium and large enterprises) can participate in a citizen energy 

community, as long as members or shareholders that are engaged in large-scale commercial activity and for which the energy sector constitute a 

primary area of economic activity do not exercise any decision-making power. Renewable energy communities have a more restricted membership 

and only allow natural persons, local authorities and micro, small and medium-sized enterprises whose participation does not constitute their 

primary economic activity [40]. A separate provision requires Member States to ensure that participation in renewable energy communities is 

accessible to consumers in low-income or vulnerable households. 

▪ Autonomy: according to the Directive (UE) 2018/2001, a renewable energy community ‘should be capable of remaining autonomous from individual members 

and other traditional market actors that participate in the community as members or shareholders.’ The definition of citizen energy communities does not include 

autonomy; but decision-making powers should be limited to those members or shareholders that are not engaged in large-scale commercial activity and for 

which the energy sector does not constitute a primary area or economic activity [40]. 

▪ Effective control: renewable energy communities can be effectively controlled by micro, small, and medium-sized enterprises that are ‘located in the proximity’ 

of the renewable energy project; while citizen energy communities exclude medium-sized and large enterprises from being able to exercise effective control [40].  

In Europe, there are about 3,500 so-called renewable energy cooperatives - a type of energy communities, which are found mostly in North-Western 

Europe [41], where Germany and Denmark, two countries with strong traditions of community ownership and social enterprises have the highest number 

of citizen-led energy organizations. This number is even higher when including other types of community energy initiatives. 

Figure 18 shows the number of energy communities in nine European countries. Germany tops the list as the European country with the most energy 

communities, ahead of Denmark, Netherlands and the United Kingdom with 700, 500 and 431 respectively. While other countries show a more immature 

state of the concept with only 34 and 33 energy communities in the case of Belgium, Poland and Spain [39]. 
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Figure 18. Approximate number of energy community initiatives in nine European countries [39]. 

 

Advantages of energy communities 

The energy community is, therefore, a new player in the energy sector whose objective is not its own economic benefit but the creation of social, economic 

and environmental value for the benefit of the local community. The introduction of this concept mainly seeks greater involvement of citizens, institutions 

and local companies in energy projects by promoting the use of renewable energies in a participatory manner. That is, it seeks to promote their proactive 

role in the energy transition, abandoning the passive role and becoming active agents of the electrical system (prosumers). This would lead to greater local 

acceptance of these energies and access to additional private capital and would be key to the energy transition to a renewable energy economy. 

The advantages and benefits of energy communities vary considerably depending on the specific characteristics of the community and the region in which 

they are implemented. Among the most important [42]: 

▪ Economic savings in the electricity bill of the end customer: the members or partners of the communities have a greater power of decision on 

the way in which they consume and manage the energy, being able to access the renewable energy produced in the community's own self-

consumption facility. 

▪ Increasing the efficiency of the electricity system: energy communities contribute to the decongestion of the distribution network. 

▪ Reduction of polluting gases: the normalization of energy communities will promote the self-consumption of renewable energy, influencing in 

the long term the decarbonization and flexibility of the electricity market. 

▪ Increasing environmental awareness 

▪ Promotion of the use of energy resources at local level: being able to contribute to the fight against depopulation by creating local employment 

for the creation, management and maintenance of communities. 

▪ Fight against energy poverty: by providing green and proximity energy at a lower cost. 

 

Barriers in the rise of energy communities 

In the European Union, the main barriers to the development of energy communities are mainly bureaucratic and regulatory, since the concept of the 

energy community is not yet introduced into the legislation of most Member States due to the lack of transposition of the respective European directives. 

However, the limitations of development lie not only at the regulatory level, but also at the social and technological level. Below, some of the most 

important regulatory, social and technological barriers are summarized [42] [43]: 

‒ Regulatory changes or incentive reductions 

‒ Lack of regulatory framework and/or a sufficient degree of its development  

‒ Complexity of administrative procedures 

‒ Difficulty of access to financing: lack of investor confidence or high real risk 

‒ Application of the principle of natural monopoly over distribution networks 

‒ Impossibility of injection and marketing in the different flexibility and balance markets 

‒ Lack of definition of the obligations of distribution operators 

‒ Proximity restriction: restricted energy exchange between members of the energy community and dependent on their connection point to the 

electricity grid 

‒ Lack of energy digitization: lack of technological solutions that allow monitoring and management of energy resources in a coordinated, efficient 

and secure way, and aimed at bringing energy closer to the citizen and enabling their participation in the energy market 

‒ Lack of mechanisms that actively involve the citizen 

‒ Insufficient public interest 

‒ Lack of volunteer time 

‒ Demotivation of community members 

‒ Difficulty in the access to expert knowledge 

‒ Lack of dissemination of information 
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Types of energy communities and ownership models 

Energy communities constitute a new model of generation, use and management of energy at the local level, whose objective is to create a decentralized, 

fair, efficient and collaborative electricity system thanks to the cooperation between the different partners of the community (citizenship, local 

administration and / or private companies). According to the nature of its partners or members we can find [42]: 

▪ Residential or shared self-consumption energy communities: in this type of communities the actors are residential and are mainly characterized 

by the exchange of energy between neighbors with a common base cadastral code with a self-consumption facility located in the same place. 

▪ Proximity energy communities: they are also communities created by residential members with shared self-consumption in which the self-

consumption facility does not have to be located in the same place, but always at a distance of less than 550 meters. 

▪ Local energy communities: unlike in the previous ones, in this type of community the membership is not limited geographically to a neighborhood, 

district or locality, nor socially to residential members. 

Additionally, in energy communities the ownership structure varies, and includes different legal forms, such as associations, cooperatives, trusts and 

community foundations, limited liability companies, non-profit companies, owner associations or public companies. Depending on the legal form chosen, 

they can differ in terms of governance structure, decision-making and liabilities. For instance, they can be fully owned by the community or developed in 

cooperation with public or commercial actors (shared ownership) [39] [44].  

▪ Energy cooperative model (community-owned social enterprise): voluntary and democratic (decisions made on a ‘one member – one vote’ 

principle) organizations that enables citizens to collectively own and manage renewable energy projects and through which community common 

economic, social and cultural objectives can be achieved. This is the most common and fast-growing form of energy communities. This type of 

ownership primarily benefits its members. It is popular in countries where renewables and community energy are relatively advanced. Its main 

disadvantage lies in the lack of know-how in the renewable energy sector and the difficulty of obtaining investment. 

▪ Limited partnerships: A partnership may allow individuals to distribute responsibilities and generate profits by participating in community energy. 

Governance is usually based on the value of each partner’s share, meaning they do not always provide for a one member - one vote. The model is 

suitable for larger projects with high investment volume. It became particularly popular for citizen-owned wind parks in Germany. 

▪ Community trusts and foundations: their objective is to generate social value and local development rather than benefits for individual members. 

Profits are used for the community as a whole, even when citizens do not have the means to invest in projects (for-the-public-good companies). 

The community group is usually the full owner of the renewables installations and raises funds through grants and loans and distributes income 

from renewables to community projects. It is the main model of energy community in Scotland. 

▪ Housing associations: non-profit associations that can offer benefits to tenants in social housing, although they may not be directly involved in 

decision-making. These forms are ideal for addressing energy poverty. Housing associations can be found in the United Kingdom, Denmark or 

Sweden. 

▪ Non-profit customer-owned enterprises: legal structures used by communities that deal with the management of independent grid networks. 

Ideal for community district heating networks common in countries like Denmark. 

▪ Public-private partnerships: local authorities can decide to enter into agreements with citizen groups and businesses in order to ensure energy 

provision and other benefits for a community. 

▪ Public utility company: public utility companies are run by municipalities, who invest in and manage the utility on behalf of taxpayers and citizens. 

These forms are less common but are particularly suited for rural or isolated areas. 

 

Activities of energy communities 

Although energy communities have traditionally focused their activity on renewable generation, more and more are expanding their activity by acquiring 

new roles in the energy sector. The main activities observed are [39]: 

• Generation: community energy projects collectively using or owning generation assets (mostly solar, wind, hydro) where members do not self-

consume the energy produced but feed it into the network and sell it to a supplier [45]. A large majority of initiatives are engaged in energy 

generation, usually owning generation assets such as Beauvent in Belgium. 

• Supply: the sale (and resale) of electricity and gas to customers (electricity, wood pellets, biogas and others). Large communities can have a large 

number of retail customers in their vicinity and may also engage in aggregation activities combining customer loads and flexibility or generate 

electricity for sale, purchase or auction in electricity markets. The largest supply cooperatives include: Ecopower in Belgium, Enercoop in France, 

Som Energia in Spain and EWS Schönau in Germany. 

• Consumption and sharing: the energy produced by the energy community is used and shared inside the community. This includes both 

consumption (individual and collective self-consumption) and local sharing of energy amongst members that is produced by the generating 

installations within a community. 

• Distribution: ownership and/or management of community-run distribution networks, such as local electricity grids or small-scale district heating 

and (bio)gas networks [44]. An example is the community EWS Schönau in Germany. 

• Energy services: energy efficiency or energy savings (e.g. renovation of buildings, energy auditing, consumption monitoring, heating and air quality 

assessments); flexibility, energy storage and smart grid integration; energy monitoring and energy management for network operations; financial 

services. In Belgium, Courant d'Air is involved in mobilizing citizens to replace their lamps with LED lighting. Also, Ecopower developed a cost-

covering service, Ecotrajet which advises its members how to commission deep energy innovations in their homes [46]. 
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• Electro-mobility: car sharing, car-pooling and/or charging stations operation and management, or provision of e-cards for members and 

cooperatives. Electric cars can also serve as flexible demand making use of the excess electricity from the local renewables farm. Flexibility services 

and storage are also considered or tested in some initiatives. Storage devices or services are particularly interesting as they enable community 

energy projects to make use of the renewable energy they produce locally. Their participation in flexibility markets can also provide an additional 

source of revenue. Som Mobilitat and Mobicoop are purchasing electric cars charged with green electricity and renting parking spaces in cities to 

offer electric car sharing services. The Mobility Factory is a European cooperative enterprise founded by eight cooperatives to offer electric car 

sharing services to their members. 

• Other activities: consultation services to develop community ownership initiatives or to establish local cooperatives, information and awareness 

raising campaigns, or fuel poverty measures, for example Energie Solidaire Enercoop in France. 

 

Main case studies in Europe 

Below, some of the most important energy communities around Europe are described, specifically in Belgium, Croatia, Denmark, France, Germany, Greece, 

Netherlands, Poland, Portugal, Spain, Sweden, and United Kingdom [39] [47]: 

BELGIUM 

BeauVent 
 

 

Year  2000  
Members  >5,000  
Organization Cooperative Limited Liability Company (CVBA)  
Activities  Generation renewable electricity, including the selling of electricity to those customers on 

whose roofs there are PV panels; Supply renewable heat; Energy efficiency; Third-party 
financing services  

Technology Wind, solar; Cogeneration; District heating network, biomass (waste incineration)  
Capacity  Nieuwkapelle Park: 4 000 000 kWh; Gistel windmill: 2.4 MW; 993 978 kWh (2018)  

Description  Beauvent is a cooperative that acts as a renewables producer. It sells the electricity it produces 
to Ecopower and large final customers. The cooperative also operates a district heating 
network. Beauvent collects funds to invest in wind energy, solar panels, biomass and energy-
efficient applications such as CHP and heat networks.  

Website  https://www.beauvent.be  
 

Courant d’Air 
 

 

Year  2009  
Members  >2,000  
Organization Cooperative Limited Liability Company (SCRL)  
Activities  Generation renewable electricity; Energy efficiency; Electro-mobility; Information awareness  
Technology Wind, solar; Collective LEDs, auditing and monitoring; car sharing  
Description  The cooperative pursues projects in the field of renewable energy and energy efficiency 

measures. It developed an education programme called Generation Zero Watt to incite future 
generations to be zero watt. Courant d'Air is open to everyone with a share subscription of 
€250.  

Website  https://www.courantdair.be/wp/  
 

Ecopower 
 

 

Year  1992  
Members  56,000  
Organization  Cooperative Limited Liability Company (CVBA)  
Activities  Generation, supply renewable electricity; Supply renewable heat (biomass); Energy efficiency 

(Ecotrajet services)  
Technology Wind, solar, biomass, hydro, cogeneration; Wood eco-pellets, briquettes (domestic heating), 

micro-CHP  
Capacity  ~100 GWh/year electricity; Towards 100% RES.  

Description  Both an electricity producer and supplier of green electricity and renewable fuels in Flanders. 
It invests in wood pellets for small-scale heating of buildings and domestic hot water. Its 
Ecotrajet project assists citizens to commission deep energy renovations in their homes.  

Website  https://www.ecopower.be/  
 

CROATIA 

Green Energy Cooperative 
(ZEZ) 

 

 

Year  2013  
Members  22  
Organization  Cooperative  
Activities  Designing and managing sustainable projects in energy sector; supply and installation of 

renewable energy resources and energy efficiency on the principle “turn-key”. 
Technology Solar 
Description  Green Energy Cooperative (ZEZ) is a cooperative that deals with planning, development, 

management and financing of renewable energy sources and energy efficiency projects. The 
cooperative was founded with the aim of dealing with the local community with special 
emphasis on sustainable tourism development, agriculture, commercial and public 
institutions. The vision is to put energy production in the hands of the citizens of Croatia and 
Europe.  

Website  http://www.zez.coop/ 
 

DENMARK 

Marstal Fjernvarme 
 

 

Year  1962  
Members  1,600  
Organization Non-profit customer owned enterprise Marstal Fjernvarme A.m.b.A.  
Activities  District heating network based on renewables (generation, distribution and supply) supplying 

about 2,200 customers on the island town of Marstal; Energy storage  
Technology Solar heat collectors (50-55%), wood chips (40%), heat pump (2-3%), bio-oil, CHP; Thermal 

energy storage  
Capacity  Annual production of about 32,000 MWh  

Description  Marstal Fjernvarme is an example of a solar district heating plant on the island of Ærø, 
Denmark. The collectively owned district heating network provides hot water to nearly all of 
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the 2,200 inhabitants of the island town of Marstal. The company provides heat to Marstal 
from 100% renewables 

Website  https://www.solarmarstal.dk/  
 

Hvide Sande Local 
investments for local 

benefits 
 

 

Year  2010 
Organization Cooperative, local enterprise model  
Activities  Renewable energy supply for a local community  
Technology Wind 

Capacity  Annual production of about 45,000 MWh 

Description  The three wind turbines at Hvide Sande Nordhavn were established by the “Foundation Hvide 
Sande Business Development”, founded by the Holmsland Klit Tourist Association. The 
turbines’ owners pay high land rent to Hvide Sande Harbour and this rental income is used to 
co-finance new port facilities. The power produced by the wind turbines is approximately 
45,000 MWh per year. The turbines contribute to reaching Ringkoebing-Skjern municipality’s 
goal of becoming selfsufficient in renewable energy by 2020. Hvide Sande has, since 2012, 
fought resolutely against foreign investors and major projects which would not involve the 
local community. Several local actors established a nonprofit fund which helped tackle the 
issue of the community´s energy independence. The obligation to make non-profit use of 
surpluses was the key in persuading the population to agree to this scheme. The three wind 
turbines demanded an investment of €12.2m, 20% of which was paid by 400 co-operative local 
stakeholders 

Website  http://the-energy-collective-project.com/context/  
 

FRANCE 

Enercoop 
 

 

Year  2005 
Members  70,000  
Organization Société Coopérative d’Intérêt Collectif (SCIC)  
Activities  Supply renewable electricity (supplier of 100% renewable electricity, purchases electricity 

directly from renewale energy producers) 2. Energy savings  
Technology Solar, wind, hydraulic, biogas; Dr Watt, Savings Wiki; Fuel poverty Energie Solidaire  
Capacity  209 MW; 249 GWh annual production (2017)  

Description  Enercoop is the only supplier of energy in the form of a 'social enterprise' cooperative. It is 
one of the few green electricity suppliers that buys energy directly from producers. Made up 
of 11 separate regional renewable energy cooperatives, Enercoop operates 100 hydro 
schemes, 25 windfarms, 104 solar projects and 3 biomass generator -249 GWh of electricity 
in 2017 

Website  https://www.enercoop.fr/ 
 

Mobicoop 
 

 

Year  2011  
Members  20,000  
Organization Société coopérative d'intérêt collectif  
Activities  Shared mobility  
Technology Car-pooling, car-sharing, public transport, shared bikes  
Description  Mobicoop is a cooperative in the field of shared mobility (car-pooling, car sharing). It ensures 

that shared mobility solutions are available to everyone (people with disabilities, the elderly, 
limited resources). The previous car-pooling association (Co-voiturage libre) has decided to 
turn into a cooperative (Mobicoop) in 2018.  

Website  https://www.mobicoop.fr/  
 

SAS Ségala Agriculture et 
Energie Solaire (SAS SAES) 

 

 

Year  2008  
Members  180  
Organization  Société Coopérative d’Intérêt Collectif Bois Énergie  
Activities  Generation renewable electricity  
Technology Solar photovoltaics  
Capacity  14 MW, 11 180 000 kWh; 461 agricultural buildings equipped with roofs.  

Description  The Fermes de Figeac's solar PV project carried out by a specific firm SAS Ségala Agriculture et 
Energie Solaire. The initiative to install solar roofs on farm buildings was largely initiated as a 
reaction to the high feed-in-tariff in France.  

Website  https://www.fermesdefigeac.coop/  
 

Jurascic 
 

 

Year  2016 
Members  650 
Organization  Cooperative 
Activities  Investments, through citizen financing, in renewable energy projects in Bourgogne-Franche-

Comté 
Technology Solar, wind 
Capacity  18 MW  

Description  Born in 2016 around the Chamole wind project, Jurascic’s scope of action is the Bourgogne 
Franche-Comté region. The BFC region has decided to make participatory funding of 
renewable energy projects one of its priorities. The financing and governance of renewable 
energy projects are issue of interest. The inhabitants, the active forces and the communities 
must support each other to allow the development of the ecological transition. Crowdfunding 
allows direct involvement of citizens in the development of green energies. By placing their 
savings in a local project, citizens contribute to local economic development and trigger a short 
social and solidarity-based circuit of income. Jurascic is here to organize citizen investment and 
offer local populations a place in the governance of their renewable energy projects. 

Website  https://www.jurascic.com/ 
 

GERMANY Bioenergiedorf Jühnde eG 

Year  2005  
Members  1089  
Organization Cooperative  
Activities  Generation renewable electricity, generation and supply renewable heat; District heating 

networks (independent supply). The heat is distributed via a local grid to the households.  
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Technology Wind, Solar, Biomass (silage, wood chips); Biogas, CHP; Village heating grid (gas)  
Capacity  About 5 MWh of electricity is generated annually; heating grid supply of 4.5 MWh; About 3.5 

MWh is used in the households annually.  
Description  Jühnde is Germany’s first village to produce heat and electricity by means of renewable 

biomass (plants in form of silage and wood chips), thus becoming the first village to be self-
sufficient and produce RES with consumers participation.  

Website  http://www.bioenergiedorf.de/en/home.html  
 

Elektrizitätswerke (EWS) 
Schönau Eg 

 

 

Year  2009  
Members  7300  
Organization Cooperative Vertrieb GmbH  
Activities  Generation, supply, distribution (renewable electricity); supply and distribution of heat 

(district heating); bio and natural gas supply and distribution; Energy services; Electro-mobility; 
Others  

Technology Multi-energy: Wind, solar, biomass, biogas, CHP, heating networks; Tenant electricity models, 
services for electricity network operation, energy management; E-charging card  

Description  EWS Schönau is a multi-utility cooperative. In the late 1990s it was the first of its kind in 
Germany to take over the grid as well as electricity supply to the local community. When the 
electricity markets were deregulated in 1998, it started to sell almost exclusively renewable 
energy to its local electricity customers. The year after, EWS began to supply customers with 
green electricity on a nationwide scale. Its activities now also include the supply of natural gas 
and biogas.  

Website  https://www.ews-schoenau.de/  
 

Sprakebüll Village eG 

Year  1998  
Members  247  
Organization GmbH & CO. model  
Activities  Generation renewable electricity; Supply renewable heat; District heating  
Technology Wind, solar; District Heating (CHP, biogas, and heating network)  
Capacity 130 MW (wind, biogas); annual production: 1878110 kWh (wind)  

Description  Sprakebüll was formed as a community wind farm project pioneered by a group of villagers. It 
buys heat from privately owned biogas plant and distributes it via the heating network to 
inhabitants. Revenues and voting rights are distributed according to the number of shares. In 
2011 the Stadum-Sprakebüll wind park was further created with 3 windmills and a generation 
capacity of 2,5MW each. In 2014 the first repowering project was conducted. Where the 
original 5 windmills, each 1,65MW were replaced with ones producing 3,6MW each.  

Website  http://co2mmunity.eu/wp-content/uploads/2019/02/Factsheet-Sprakeb%C3%BCll.pdf  
 

Solar community energy 
project in Recklinghausen 

 

 

Year  2011 
Technology Solar 
Capacity 195 MW  

Description  There are many public roof surfaces in cities which can be easily used for the generation of 
electricity and heat. The citizens of Reklinghausen decided to exploit this potential with a 
community power project. The initiators of the project wanted to give the city an opportunity 
to get involved in a renewable energy sources project and make a positive contribution to the 
environmental protection. The city of Recklinghausen supports the initiative by the lease of the 
roof surfaces for the PV cells. The mayor of the city also personally invested into the project.  

Website  http://www.sola-re.de/ 
 

GREECE 

Energy Cooperative Of 
Karditsa 

 

 

Year  2010 
Members  350 
Organization Civic cooperative 
Activities  Exploitation of biomass and especially of agro-biomass  
Technology Biomass 
Capacity 150.000 – 200.000 ton/year (agro-biomass); 50.000 – 100.000 ton/year (forest); 1.000 – 2.000 

ton/year (urban biomass). 
Description  The Energy co-operative is a civic co-operative established in 2010, with 350 members. Initially 

the idea was that it could help utilise the existing biomass in the area, from forestry and post-
harvest residues. Different types of biomass have been trialed. They hope to service local 
markets’ renewable energy needs. The Energy Cooperative Company of Karditsa (ESEK LLC) is 
the first organized effort at country level for the exploitation of biomass and especially of agro-
biomass.  

Website  http://www.esek.gr/ 
 

Sifnos Island Cooperative 
 

 

Year  2013 
Members  100 
Organization Cooperative 
Activities  Renewable energy generation 
Technology Wind, hydropower 
Description  Sifnos Island Cooperative (SIC), following a thorough research, is advancing towards realization 

of the energy autonomy plan for Sifnos, by submitting in September 2016 an application for a 
production permit to the Regulatory Energy Authority (RAE). SIC’s project refers to a Hybrid 
Power Station consisting of a wind park and a pumped storage plant. It is foreseen to have the 
capacity to generate all the energy required in Sifnos through only Renewable Energy Sources 
(RES). All new facilities to be installed, will become a key objective of protecting the 
environment and the tourism product of the island, which is expected to increase. 

Website  http://sifnosislandcoop.gr/en/energyautonomy/index.html 
 

NETHERLANDS 

Amelander Energie 
Coöperatie UA 

 

Year  2009  
Members  286  
Organization Cooperative Company U.A.  
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Activities  Generation renewable electricity (collective procurement energy, collective generation, 
collective technology procurement; Reseller of NLD energie and Green Choice); Electro-
mobility (car sharing running on solar)  

Technology Solar park, electric heat pump; e-cars  
Capacity  Annual production of the co-owned solar park: 14,677,478.82 kWh.  

Description  The Amelander Energie Coöperatie UA (AEC) is a company founded with the aim of supplying 
Amelander energy users with sustainable electricity and CO2 compensated gas at attractive 
rates. The solar park has 23000 solar panels and supplies more than enough power for all 
households on Ameland. Reseller of green energy of Green Choice and NLD Energy (€ 0.0025 
per KWh cheaper than the regional supplier; one joint bill for electricity and gas). AEC does not 
have a supplier’s license; the invoicing is done through GreenChoice & NLD. 

Website  https://www.amelandenergie.nl/  
 

Duurzaam Ameland 
 

 

Year  2007  
Members  9 partners (municipality of Ameland, Eneco, GasTerra, NAM, Signify, Liander, TNO and Hanze 

University of Applied Sciences Groningen / EnTranCe, Amelander Energie Coöperatie)  
Organization Public-Private Partnership (Covenant of companies together with municipalities)  
Activities  Generation, supply renewable energy; Distribution (smart distribution network, derogation); 

Energy Efficiency (green lighting, school vision light system); Public lighting; Electro-mobility 
(public transport (gas and electric buses)  

Technology Multiple: Solar, smart energy grid, sustainable lighting, fuel cells, hybrid heat pumps, CHP, 
hydrogen, natural gas filling station  

Capacity  Solar park: Installed capacity: 5,980.00 kWp; total production: 14,677,478.82 kWh  

Description  Cooperation project between the municipality of Ameland, corporations, research institutes 
and the island's energy cooperative Amelander Energie Coöperatie. It is an example of 
cooperation with utilities and distribution system operator: Eneco, GasTerra, NAM, Signify, 
Liander, TNO and EnTranCe. It is the first time that an innovative smart distribution network 
of this size has been developed in practice. The municipality is developing the largest smart 
electricity grid in the Netherlands. Zonnepark Ameland is the second largest solar park in the 
country. Ameland Solar Park is an initiative of the municipality of Ameland, Eneco and AEC.  

Website  https://www.duurzaamameland.nl/over-ons/  
 

POLAND 

Spółdzielnia Nasza 
Energia 

Year  2014  
Members  300  
Organization  Cooperative  
Activities  Generation renewable heat and electricity (heat and electricity producing biogas installations). 

Planned activities for energy supply and distribution.  
Technology Biogas, CHP  
Capacity  1 MW  

Description  The only energy cooperative initiated so far in Poland. It was set up to tackle energy security 
by tapping into the potential of a network of  

Website  https://blue-fifty.com/pl/rozwoj-projektu/spoldzielnia-nasza-energia/  
 

Żywiecka Energia 
Przyszłości 

 

 

Year  2017  
Members  40  
Organization Civic law cooperation agreement (energy cluster)  
Activities  Generation renewable electricity, renewable heat source; Energy storage; Electro-mobility 

(retail only to members). Planned activities for energy supply and distribution.  
Technology Multiple (Bio CHP plant, Biogas reactor, Biomass boiler, Electric battery, EV charging station, 

Heat Pump, Solar heat collector, Solar PV system, Heat Storage, Hydro, distribution network)  
Description  The energy cluster was formed by signing a civic-legal contract between 20 public and private 

entities. It is a public-private network of cooperation whose main objectives are the 
production of electricity and balancing demand. It also includes distribution activities with a 
distribution network of less than 110 kV.  

Website  http://klasterzywiec.pl/  
 

Słupsk pilot project 

Year  2018  
Members  200 households  
Organization  Pilot project (Horizon 2020)  
Activities  Generation renewable electricity; Energy efficiency  
Technology Solar  
Capacity  PV capacity of 0.78 MWp in addition to 0.18 MWp installed on public buildings; savings 73,600 

kWh/year (368 kWh * 200 households = 73,600 kWh)  
Description  The Polish city of Słupsk in Pomerania with 90,000 inhabitant aspires to  

eliminate energy poverty and become a clean air city. Słupsk is a pilot project of the H2020 
SCORE project which facilitates consumer co-ownership.  

Website  https://www.score-h2020.eu/pilot-projects/slupsk/  
 

PORTUGAL 

Coopernico 
 

 

Members  2192 
Organization  Cooperative  
Activities  Market electricity produced from renewable sources 
Technology Solar  
Capacity  0,656 MW  

Description  Coopérnico was founded by a group of 16 citizens from different professional backgrounds 
with different backgrounds, but who share a common concern: sustainable development. A 
renewable, fair and responsible energy model that contributes to a socially, environmentally 
and energetically sustainable future. 

Website  ttps://www.coopernico.org/ 
 

SPAIN 
Som Energía 

 

Year  2010  
Members  59320  
Organization Cooperative  



 
 

 

 
                                        Project funded by European Union’s Horizon 2020 
research and innovation program under the Grant Agreements n 952851 

  Page: 70 

 
  

 

   

 

 

Activities  Generation, supply renewable electricity; Energy efficiency  
Technology Solar, Biogas, Wind, Hydro  
Capacity  Annual generation of about 13,56 GWh.  

Description  It is the first renewable energy cooperative in Spain. It was created with the aim of promoting 
sustainable development projects involving citizens' participation. Main activities include 
electricity commercialization and renewables generation. It finances its own renewables 
projects through members' investments.  

Website  https://www.somenergia.coop/  
 

Som Mobilitat 
 

 

Year  2016  
Members  1350  
Organization  Cooperative of Consumers and Users (SCCL)  
Activities  Electro-Mobility  
Technology  Car-, bike-, motorbike - sharing; P2P, carpooling and ride sharing, autonomous vehicles; 25 

electric cars (24 cars, 1 van)  
Description  Som Mobilitat is Spain's first sustainable mobility cooperative. Non-profit consumer 

cooperative that provides 100% electric and cooperative car sharing. it provides a cooperative 
answer to corporate and privatized e-mobility models.  

Website  https://www.sommobilitat.coop/  
 

SWEDEN 

Bostadsrättsföreningen 
Lyckansberg 

 

 

Year  2018  
Members  85 tenant-owned apartments  
Organization Housing association  
Activities  Generation renewable electricity (solar plant); Consumption; Small-scale district heating  
Technology Solar, biomass  
Capacity  Solar PV system size of 53 kW; yearly production of 55,000 kWh (PV)  

Description  The housing association Lyckansberg’s solar cell plant started to produce electricity in 2018. 
The plant generates electricity for common purposes, such as lighting, laundry cabins, sauna 
and other functions in the association hall. In case of surplus, PV electricity is sold online. If 
demand is higher, electricity is bought from the grid. The association also has district heating 
from Vaxjo Energi AB.  

Website  https://www.hsb.se/sydost/brf/lyckansberg/miljo/solceller  
 

Farmarenergi i Eslöv AB 

Members  9 farmers  
Organization Limited Company (corporate enterprise)  
Activities  District heating system (small-scale) based on renewable heat; Supply heat; Generation 

renewable electricity  
Technology Biomass (wood chips); Heating network; Solar  
Capacity  Boiler 600 kW; prefurnace 495 kW; production of 2,000 - 2,500 MWh/year from the boiler; 

70,000 kWh/year from two solar farms  
Description  Joint cooperation by nine farmers to provide small scale local district heating based on 

renewable energy. The company provides local heating to Eslov municipality through a closed 
network. Two of the farmers also invested in PV installations. Electricity from solar farms not 
consumed is sold to Kraft Energie.  

Website  https://www.lrf.se/foretagande/forskning-och-framtid/innovation-och-inspiration/de-tog 
steget/framtidsforetag/farmarenergi-i-eslov-ab-skane/  

 

Solbyn Association 
 

 

Year  1988  
Members  50 households  
Organization Housing association (eco-village)  
Activities  Energy efficiency: energy savings plan (insulation and heat exchange systems); Renewable 

heat (solar heating, heat exchange system)  
Technology Solar heating, insulation  
Description  An eco-village that citizens built together through a tenant-owner association with a building 

company. It was initiated by a well-educated, environmentally concerned citizen group to 
create and live in an ecological village. The association is largely self-managing with support 
from HSB building company. The decisions were to form a tenant owned housing association 
as a legal representative.  

Website  http://solbyn.org/  
 

UNITED 
KINGDOM 

Edinburgh Community 
Solar Limited 

 

 

Year  2013  
Members  541  
Organization Society for the Benefit of the Community (Solar Cooperative)  
Activities  Generation, supply renewable electricity  
Technology Solar  
Capacity  2 MW (public buildings, schools, community buildings and leisure centres); 1,107,250 kWh per 

year or 1.12 GWh/year  
Description  Edinburgh Community Solar Cooperative (ECSC) has installed, owns and is now managing solar 

systems on the roofs of 24 City of Edinburgh Council buildings. This is the largest community-
owned rooftop scheme of this kind in the UK. During operation, some or all of the electricity 
generated is used by the building, depending on internal demand. This electricity is sold to the 
Council through a License Agreement, which is now in place. ECSC also receives income 
through the Feed in Tariff. Any surplus electricity is exported to the grid for which ECSC also 
receives an income.  

Website  https://www.edinburghsolar.coop/projects/how-the-co-op-works/  
 

Energy4All 
 
 
 
 

Year  2002  
Members  27 independent renewable-energy cooperatives; Cooperatives have 16,978 individual 

members.  
Organization Private Limited Company (Social enterprise - Facilitation network)  
Activities  Network of communities which develops community owned renewable energy projects across 

the UK with different activities, Financial and management services.  
Technology Multiple (Solar, wind, hydro, community heat)  
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Capacity  30 MW of electricity capacity  

Description  Energy4All is a national cooperative of 27 independent renewable-energy cooperatives. It 
works with communities that want to develop cooperatively and community owned 
renewable energy. It raises funds through public shares and bond offers, brings the technical 
expertise to build projects to time and budget and then manages their continued operation. 
Once built and operational those new cooperatives become shareholder members of 
Energy4All and support the development of more community energy projects.  

Website  https://energy4all.co.uk/  
 

Isle of Eigg 
 

 

Year  2008  
Members  96 local residents  
Organization  Private limited Company Eigg Electric Ltd., a subsidiary of Community Heritage Trust  
Activities  Generation, supply renewable energy (wind, hydro, solar); Distribution  
Technology Wind, hydro, solar; Independent grid management  
Capacity 357 kW of electricity capacity; individual consumption limited to 5 kW/household  

Description  The island, which was not connected to the UK's electricity grid, is the world’s first community 
to launch an off-grid electric system powered by wind, water and solar.  

Website  http://isleofeigg.org/eigg-electric/  
 

Brixton Energy 
 

 

Year  2012 
Organization  Cooperative social enterprise 
Activities  Generating renewable energy and bringing financial revenues into the local neighborhoods 
Technology Solar 
Capacity 50 MW 

Description  Since 2012, the group has led the establishment of three community solar energy projects in 
the area, generating renewable energy and bringing financial revenues into the local 
neighborhoods where they are sited. Each project is a registered cooperative that is wholly 
owned by its shareholders, who were able to buy shares from £250 to be part of the collective 
ownership. The sale of these shares helped to finance the installation of each solar scheme.  

Website  https://brixtonenergy.co.uk/ 
 

Aberdeen Heat and Power 
 

 

Year  2002 
Organization  Not for profit company 
Activities  To develop and operate district heating and CHP (Combined Heat & Power) schemes in their 

area 
Technology Geothermal 
Capacity 2 MW  

Description  Aberdeen Heat & Power Ltd is a ‘not for profit’ company that was set up by Aberdeen City 
Council in 2002 to develop and operate district heating and CHP (Combined Heat & Power) 
schemes in their area. The scheme has grown through the development of four principal 
projects and now supplies around 2350 flats in 33 multi story blocks and 15 public buildings. 
Carbon emissions from these buildings have reduced by 45% and typical fuel costs to tenants 
have been reduced by up to 50% over the previous electric heating systems. Customer 
satisfaction surveys have indicated that tenants are very satisfied with the heating system. The 
schemes have received four high profile awards – UK Housing Awards 2008 – Increasing 
Environmental Sustainability and Outstanding achievement in Housing in the UK and the 
COSLA Excellence 2008 silver award. In 2013 Aberdeen Heat & Power won a prestigious award 
for Excellence from Global District Energy Climate Awards, and in 2015 we were very proud to 
win a VIBES (Vision In Business Environment Scotland) Award under the category of Product 
or Service. 

Website  http://www.aberdeenheatandpower.co.uk 
 

 

 

5.5 Active Demand response 

This section presents an introduction to the Active Demand Response as a solution to enhance renewable penetration in the market and face the volatility 

they represent, and introduce some strategies as well, related to the operation of the demand flexibility.  

It is necessary to develop plans for the integration into the electrical system of all the renewable energy foreseen in the plan for the coming years, taking 

into account its main drawback, the variability of its generation. To this end, the conventional national electricity generation model, characterized by being 

a centralized model based on “base” and “peak” with a completely passive demand, requires important modifications and adaptations. The new electricity 

generation model must be based on the flexibility of the electricity system so that it can manage the variability of renewable generation. The main difficulty 

in managing this variability lies in sporadic demand peaks, where companies need to increase generation based on demand to maintain the balance of the 

electrical system and thus avoid outages or falls. In this context, new tools are used, such as large-scale energy storage. However, the consumption patterns 

of end customers can contribute directly and significantly to peak demand. Therefore, the active management or flexibility of the demand response (DR) 

plays an essential role, since it makes the consumption curve more flexible, adapting it to the generation curve and helping to improve the safety and 

quality of the electricity supply. 

Active management of electricity demand is a set of actions carried out on the energy demand of final consumers with the aim of transferring it over time 

or modifying its magnitude, depending on the interests of the electricity system. These actions are carried out, directly or indirectly, by the end consumers 

themselves and by the different agents of the sector, such as Public Administrations, energy distribution and marketing companies or energy service 

companies. This management contributes to a reduction in costs, a lower impact on the environment and an improvement in the competitiveness of 

consumers and the efficiency in the use of generation, transmission and distribution systems. In this context, the development of the figure of the 

independent aggregator is proposed as an intermediary entity between the final consumer and the different agents of the electricity system. 
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Demand management plans or programs supported by economic incentives are used to promote this initiative among end consumers. In these programs, 

final consumers play an important role in the system, reducing or shifting their consumption during a peak of demand or during a contingency, in exchange 

for incentives or reduced rates. These programs are therefore vital to reduce peak demand and electricity price volatility. 

The management of the DR can therefore be one of the key elements for maintaining the balance of the electricity system. In addition to constituting a 

mechanism with great potential for regulating or adjusting the electrical system, it also results in an attractive approach to energy and economic savings 

for end consumers. 

Demand profiles 

To understand the role that demand flexibility could play in the different electricity markets, it is important to know the characteristics or consumption 

patterns of end customers, that is, their profile or time evolution. In Figure 19Error! Reference source not found., the profile of the national electricity 

demand in Spain is shown. In Figure 19 (a) its annual evolution during 2019 is represented (note that 2020 is ruled out due to its unusual trend resulting 

from the pandemic situation). As can be seen in the graph, the electricity demand of the entire national territory was around 650 GWh per day throughout 

the year. However, in the coldest months of the year (November, December and January) and in the hottest (July and August), demand increased to around 

800 GWh per day, due to higher energy consumption due to the effect of temperatures, among other factors. In Figure 19 (b) the hourly evolution of the 

daily national demand for 03-15-2019 is analyzed. A lower demand is clearly seen in the early morning hours from 00:00 to 7:00 and in the mid-afternoon 

from 15:00 to 19:00, approximately, forming the ‘off-peak hours’, hours of less demand/final customer consumption. On the contrary, the period between 

7:00 and 15:00, and between 19:00 and 24:00, is called ‘peak hours’, in which the demand is highest. 

 

Figure 19. (a) Annual profile of the year 2019 and (b) hourly profile of 03-15-2019 of the national electricity demand in Spain. 

Within the profile of national electricity demand, it is possible to distinguish between two large groups, the domestic, corresponding to residential 

customers, and the non-domestic, which includes all those customers that are not residential, mainly from the industrial and commercial sectors. To 

understand the advantages of flexibility for these types of customers, it is necessary to analyze their demand and consumption patterns.  

Figure 20 represents the annual unit profile (Figure 20 (a)) and the daily unit profile on a business day (Figure 20 (b)) for a domestic consumer. The national 

trend in Figure 19 (a) is clearly appreciated, much more marked, observing the demand peaks in the coldest and hottest months of the year. Regarding the 

daily profile, the main demand peak from residential customers is between 19:00 and 24:00, generally coinciding with the end of the working day. 

The non-domestic profile is represented in Figure 21. Considering the annual evolution of their demand, Figure 21 (a), this type of customer demands 

similar energy throughout the year, with a small peak between the months of June, July and August. Regarding daily demand, Figure 21 (b), a pronounced 

increase in demand is clearly observed from 7:00 in the morning, the hour at which the working day begins, which continues up to a maximum of demand 

between 10:00 and 14:00, when it begins to gradually decrease until 24:00.  

 

Figure 20. (a) Annual unit profile of the year 2019 and (b) daily unit profile of 01-16-2019 of the domestic national electricity demand in the MIBEL. 
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Figure 21. (a) Annual unit profile of the year 2019 and (b) daily unit profile of 03-13-2019 of the non-domestic national electricity demand in Spain. 

These two profiles are partially compensated, since most of the consumption of one of them corresponds to a lower energy demand of the other, thus 

favoring the demand curve of the national profile to take on a more uniform character, with fewer oscillations between peaks and off-peaks, giving greater 

stability to the electrical system. 

Types of flexibility 

In the process of integrating renewable energies into the electricity system, one of the greatest difficulties lies in maintaining the balance between 

electricity generation and demand, mainly due to the variability of energy sources. For this reason, it is essential to flatten the aforementioned demand 

curves in order to avoid demand peaks or off-peaks that could oversaturate renewable generation. For this purpose, it is of special interest to adapt the 

electricity demand of end customers, both domestic and non-domestic, to the different requirements of the electrical system to provide it with greater 

security, stability and efficiency, that is, the active management of the demand response. This management can be crucial to offering flexibility to the 

operation of the system. At the same time, customers with self-consumption facilities could also contribute by transferring to the grid the excess of energy 

obtained from the hours of lower demand. 

Among the specific objectives of active demand management are: 

▪ Reduce the peaks of the demand curve 

▪ Integrate renewable energies 

▪ Balance supply and demand 

▪ Integrate new types of demand 

▪ Increase competition in the electrical system 

▪ Deal with emergency situations 

▪ Increase efficiency in system operation 

▪ Promote the active participation of consumers 

As seen previously, active demand management basically consists of moving over time or modifying the magnitude of the demand or consumption of the 

end customers. For example, in the case of the domestic profile, Figure 20 (b), demand is mainly focused on the last hours of the day (19:00 - 24:00), so 

this type of customer could transfer his consumption to off-peak hours (1:00 - 7:00) or contribute to the grid, at demand peak or during a contingency, that 

surplus of energy obtained in the central hours of the day (8:00 - 19:00).  

Regarding the non-domestic profile, Figure 21 (b), the industrial customer is perhaps the one that can provide the greatest flexibility, transferring, as far as 

possible, part of his consumption to the hours of the first off-peak period (1:00 - 7:00). However, the flexibility in the magnitude of the customer's 

consumption is considerably greater for the industrial customer than for the residential customer. Therefore, each type of consumer can provide a different 

flexibility to flatten the demand curve, depending on his demand curves and his characteristics. 

 

Flexibility associated with response time 

This type of flexibility is associated with the response time or execution horizon, defined as the minimum time that must elapse between the moment of 

communication or assignment of a need to raise or lower the program and the moment of delivery or dispatch of energy. In other words, it is a temporary 

flexibility, known as the time it takes a consumer to respond to a request sent by his agent (retail electric company or independent aggregator), which will 

be associated with a market transaction. Considering the dimension of this execution horizon, we can distinguish different types of flexibility (see Figure 

22): 

▪ Type 1: it is a 15-minute flexibility, the most demanding and versatile. Although it is associated with a very quick response from the consumer that 

enables them to participate in almost all the electricity markets of the MIBEL, this flexibility is mainly aimed at giving a better response to the needs 

of rebalancing and adjustment of the system. Due to its versatility and fast nature, this flexibility is the only one with the capacity to participate in 

tertiary regulation services. 
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▪ Type 2: it is a 1-hour flexibility. The response is still fast enough to participate in different markets, prioritizing, in this case, its participation in 

replacement reserves services. 

▪ Type 3: it is a 2-hour flexibility. In this case, flexibility is mainly associated with a maximum participation in the intraday continuous market until 

the periods stop trading.  

▪ Type 4: it is an 8-hour flexibility. In this case, the consumer's response time is mainly associated with his daily consumption habits (e.g. sleep cycle, 

working hours, etc.) and not with his adaptation to a specific market mechanism (opening, closing, etc.). This type of flexibility enables the consumer 

to be able to participate in different sessions of the intraday auction market and in different rounds of the intraday continuous market. 

▪ Type 5: it is a 24-hour flexibility. In the same way as type 4 flexibility, the 24-hour execution horizon is not associated with the opening, closing or 

participation of a specific market mechanism, but rather with a cycle of human behavior. This flexibility enables the consumer to manage the load 

according to the reality of the daily market and its price forecasts and to participate in any session of the intraday auction market and the intraday 

continuous market. 

 

Figure 22. Scheme of the different types of demand flexibility according to the execution horizon. C corresponds to the moment of communication of the need to the consumer and 'dispatch 
time' to the moment of delivery or dispatch of energy. 

Consequently, flexibility is defined according to specific and very precise minimum response times that allow characterizing the demand as ‘little flexible’, 

those consumers with a response time greater than 2 hours, or ‘very flexible’, those with a response time less than 2 hours. 

It is important to note that, despite the fact that the different types of flexibility have their participation in one or more specific electricity markets (Figure 

22) depending on their characteristics, the participation of final consumers in the different markets will depend on the need of the market itself and will 

be subject to its execution period being open at the time of communication. 

As an example, let us suppose a consumer with type 4 flexibility. The response time from when the consumer receives the communication of the need to 

raise or lower the program until it responds by modifying his consumption is, at least, 8 hours. If we assume that the need has occurred at 17:00 in the 

afternoon (H18) on day D-1, the possible participation of the consumer in the different electricity markets is affected by his flexibility, as shown in Figure 

23. 

 

Figure 23. Example of participation in the electricity markets of a type 4 consumer, with a minimum response time from the communication of the need to the action of 8 hours. C 
corresponds to the moment of communication of the need to the consumer and 'dispatch time' to the moment of delivery or dispatch of energy. 
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After receiving the communication of the need, the consumer responds by accepting the action. In this way, given his flexibility of at least 8 hours, the 

consumer will not carry out any action until at least 1:00 in the early morning on the day D (H2), see Figure 23. Therefore, this consumer, at that specific 

time, can participate in the electricity market from period H2. In this case, his participation is exclusively available in the intraday continuous market from 

period H2 to period H24, as well as in session 2 of the intraday auction market (IM2), whose execution ends at 17:50, for the same periods (H2-H24). 

 

Flexibility associated with the disturbance band with respect to the reference profile 

This type of flexibility is associated with the modification of the magnitude of the demand or consumption of the end customers at a specific moment. It 

can be defined as the possibility of deviating the customer's final consumption profile from a reference demand that will not be conditioned by flexibility 

requirements. 

Figure 24 shows, as an example, the reference daily demand profile of a domestic customer (dashed line) and his final daily consumption profile including 

the agent's intervention (solid line) for the same day. The end customer can modify his consumption with respect to his reference demand throughout the 

day, either by increasing the amount of energy consumed (red areas) or decreasing it (green areas), according to the needs of the system or the agent. 

 

Figure 24. Reference daily demand profile of a domestic customer (dashed line) and his final daily consumption profile with the intervention of the agent (solid line) for the same day. The 
areas in color correspond to the deviations of the final consumption of the client with respect to his reference demand: the green ones correspond to the amount of energy that the 

customer stops consuming, while the red ones correspond to the energy consumed in excess. 

For the use of this type of flexibility, it is especially important to establish the flexibility or disturbance band of the end customer. This can be defined as 

the maximum physical capacity of the customer to increase or decrease his consumption with respect to his reference profile, that is, it establishes an 

instantaneous maximum and minimum value to the customer's consumption disturbances. The flexibility band can be bidirectional, if it establishes a limit 

to disturbances both due to excess and deficit of consumption, or unidirectional if it only establishes one of the two limits. This character will be determined 

by the type of flexibility that the client can offer (upload, download or both) based on his own restrictions (minimum consumption, maximum consumption, 

etc.). Therefore, the flexibility band is specific for each customer, depending on his circumstances.  

As an example, three different types of flexibility band are represented in Figure 25: two for the case of the final consumer of Figure 24Figure 25 (Figure 

25 (a) and (b)) and one for the particular case of an electric vehicle connected to carry out its charging cycle at night (Figure 25 (c)). In Figure 25 (a) a 

bidirectional flexibility band is represented by blue lines for the case of the previous final consumer. The lower line corresponds to the maximum limit of 

energy that the end customer can stop consuming (maximum limit of green areas), while the upper line indicates the maximum limit of excess energy that 

can be consumed (maximum limit of red areas), with respect to the reference profile. In this case, the flexibility band is homogeneous, that is, these limits 

are constant throughout the same day, which implies that the consumer can offer the same type of flexibility regardless of the time of day. In the case of 

Figure 25 (b) the flexibility band represented corresponds to the same consumer, in the particular case that he can only offer variability due to excess 

consumption (unidirectional band), not offering any type of flexibility in reducing it. The band sets a maximum limit to the additional energy consumed by 

the customer. In this case, the flexibility band is not homogeneous throughout the day, but slightly adjusts to the trend of the reference demand, so that 

flexibility is offered in the interval of 07:00 - 24:00, without offering any flexibility in off-peak hours. In the particular case of a consumer with an electric 

vehicle, the customer's possible flexibility band is represented in Figure 25 (c). It can be seen that in the early hours of the day (1:00 - 07:00), which 

correspond to valley hours, the flexibility of the consumer is maximum, offering disturbances in his consumption both due to excess and deficit (discharge 

or load of the battery). However, after 7:00 in the morning this consumer does not offer flexibility. 
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Figure 25. Examples of possible flexibility bands for the case of the final consumer described in the previous figure (a) and (b) and for the case of an electric vehicle (c) (the actual and 
reference consumption profiles are replicated in this figure for clarity). 

 

Temporary flexibility associated with the balance cycle 

This type of flexibility is, like the flexibility associated with response time, a temporary flexibility. The balance cycle is defined as the time space in which 

the total energy consumed reference coincides with the total energy programmed by the agent taking advantage of the customer's flexibility. That is, the 

agent will establish a certain program taking into account the flexibility of the client's upload or download, but, if we assume a 1-day balance cycle, at the 

end of that cycle the total reference energy of the client must be equal to the total energy programmed by the agent. Different balance cycles can be 

established: daily, weekly, without associated balance cycle restrictions, with mobile maximum imbalance, etc. 

To clarify this concept, three specific cases with different balance cycles are exemplified: daily, weekly and mobile. In Figure 26 the balance cycle 

corresponding to the consumer of Figure 25 (a) is represented. In this case the balance cycle is daily. As can be seen in the graph, different disturbances 

occur throughout the day due to excess (red areas) or deficit (green areas) in customer consumption. This flexibility is used by the agent throughout the 

balance cycle according to his needs. At the end of the cycle, the sum of the red areas has to be equal to the sum of the green areas so that they are 

compensated and the final energy consumed by the client (programmed according to his flexibility by his agent) is equal to the total reference energy.  
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Figure 26. Representation of the daily balance cycle corresponding to the consumer in Figure 24 (a) (the actual and reference consumption profiles are replicated in this figure for clarity). 

In the case of a weekly balance cycle (Figure 27), the consumer offers the agent flexibility to increase or decrease his consumption, depending on the needs 

of the program, within a cycle of one week. As shown in Figure 27, after seven days the deviations due to excess consumption of the customer with respect 

to his reference consumption profile are compensated by the consumption deficits. Therefore, the agent gains flexibility to manage his schedules with a 

time limit of 1 week to balance the customer's total energy consumed reference and the total energy programmed. 

 

Figure 27. Representation of a customer's consumption profiles with a weekly balance cycle. 

Finally, let us consider a more specific case of an industrial customer with flexibility in the consumption of his refrigerators and with a 3-hour mobile balance 

cycle, represented in Figure 28 (a). The agent (retail electric company or independent aggregator) can send the client a need to reduce consumption at a 

certain time of the day, so that the client disconnects the refrigerators for a period of time (green areas), without disturbing his production process. In this 

way, the agent obtains flexibility from the client that is offered to the market. This action leads to a rise in the temperature of the refrigerators with respect 

to the usual operating temperature or reference temperature (T0), as can be seen in Figure 28 (b). Therefore, this consumption deficit will have a temporary 

limitation marked by the thermal limit itself. That is, there is a maximum time that the client’s process can remain without refrigeration, keeping the 

temperature between a minimum (Tmin) and a maximum (Tmax) acceptable in the production process. After this time the client must immediately recover 

the energy. Considering a balance cycle of 3 hours, the agent will have that time to return to the customer all the energy not previously consumed (red 

areas) to reduce the temperature of the refrigerators again. In this way, at the end of the balance cycle the total energy consumed coincides with the total 

energy programmed by the agent. That is, at the end of the 3-hour balance cycle, all the disturbances of the real consumption with respect to the reference 

are compensated, thus complying with his reference demand and collaborating with the needs of the system. 
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Figure 28. Representation of the consumption profile of an industrial customer with flexibility in the consumption of his refrigerators (a) and of the thermal variation of the refrigerators due 
to the flexibility (b) with a 3-hour balance cycle. 

 

Flexibility associated with maximum unbalanced volume 

In addition to the temporary flexibility described above, there is another type of flexibility associated with the balance cycle, the flexibility associated with 

the maximum unbalanced volume. This is a volumetric flexibility that can be defined as the ability to modify the unbalanced volume within a certain balance 

cycle, that is, as the maximum volume of total load or consumption that a customer will be able to modify, with respect to his reference level, within his 

cycle. 

To better understand this concept, let us suppose the simple example of a desalination plant, represented in Figure 29. In this type of installation, electrical 

energy is used to convert salt water into drinking water, which is stored in a tank with a limited physical capacity. These customers can modify their energy 

consumption according to the needs of the agent during different periods, increasing it and thus producing a greater volume of purified water (red areas) 

or reducing it and, therefore, producing less purified water (green areas). The customer may not need a specific balance cycle and have total temporary 

flexibility associated with the balance cycle, or, on the contrary, have a specific balance cycle. However, he will always have a maximum unbalanced volume 

(MUV), or maximum volume of energy that he can consume in excess or stop consuming. This maximum will be determined, in this case, by the maximum 

and minimum level of the volume of drinking water in his tank. The total energy that the customer stops consuming within his balance cycle is the sum of 

all the green areas, while the total energy that the customer consumes in excess is the sum of the red areas, both limited by the MUV in both directions. 
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Figure 29. (a) Exemplification of the flexibility associated with the maximum unbalanced volume in the case of a desalination plant and (b) evolution of its unbalanced volume between the 
period H1 and H24. The shaded rectangular areas correspond to the maximum unbalanced volume (MUV) possible due to deficit (green) or excess (red) of total consumption. 

Contrary to the case of the flexibility associated with the disturbance band with respect to the reference profile, whose maximum and minimum in the 

modification of the customer's load were instantaneous (example of the customer with refrigerators in Figure 28), in this type of flexibility the unbalanced 

volume is cumulative, all the unbalanced areas in the same direction are added until reaching the maximum area allowed within a specific balance cycle. 

Therefore, in order to characterize the manageability or response of a client's final demand, the combination of the different types of flexibility must be 

taken into account: 

▪ Flexibility associated with response time 

▪ Flexibility associated with the disturbance band with respect to the reference profile 

▪ Temporary flexibility associated with the balance cycle 

▪ Flexibility associated with maximum unbalanced volume 

A schematic representation of the four types of flexibility is shown in Figure 30. 

 

Figure 30. Graphic representation of the four types of flexibility necessary to characterize the response of the final demand: flexibility associated with the response time (purple), where C 
corresponds to the moment of communication and D to the moment of energy dispatch; flexibility associated with the disturbance band with respect to the reference profile (blue), 

temporary flexibility associated with the balance cycle (yellow) and flexibility associated with maximum unbalanced volume (MUV). 
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Market strategies for active demand management  

Active participation of demand management in the different electricity markets will not only depend on the type of flexibility that the consumer can provide 

and the nature of the specific market, but also on the market strategy established by the agent involved in the transaction (retail electric company or 

independent aggregator). The market strategy, in turn, will be influenced by the flexibility provided by the customer to modify their consumption or load 

profile. 

A first classification of the market strategies can be made taking as a comparative parameter whether knowledge or some kind of certainty about future 

market conditions is assumed. This is because the approach to face a manageability problem is very different if prediction tools that allow knowing the 

evolution of the parameters that condition the market variables and consequently prices, are available. In this way, the agent can establish certain 

purchase/sale strategies, conditioned to future price expectations with a more speculative nature, but taking advantage of the optionality of flexibility and 

thus protecting himself from unexpected market behavior. 

▪ PURE FLEXIBILITY STRATEGIES  

In this type of strategies, there is no prior knowledge or forecast of the market, or there is no balance volume restriction that forces, in some way, 

to internalize future price scenarios in the offers. The transactions are executed conditionally by the evolution of the market, that is, the purchases 

and sales of energy will depend on what happens at each moment, without referencing the offers to a future price expectation. 

They are usually characterized by offering flexibility in all possible markets and periods, conditional on the client's response time, with offers at the 

daily market price plus/minus a differential that tries to maximize the purchase/sale operations in the different markets, sessions and time periods.  

As there is no expectation of future price, when an opportunity appears the agent executes the operation and positions the client in one direction 

regardless of the unbalanced caused.  

▪ FLEXIBILITY STRATEGIES WITH MARKET INTELLIGENCE 

These types of strategies are characterized by the fact that there is prior knowledge or market forecast. All transactions are carried out according 

to these forecasts, that is, future prices are foreseen to adapt and present the offers in the different markets and sessions. The agents' programs 

are conditioned to the evolution of the market. Their objective is to maximize transactions, and therefore profits, through the revaluation of energy, 

that is, buying energy at a low price and selling it at a higher price. As much as possible is bought or sold based on the price forecast of the future 

markets, respecting the limitations or parameters of flexibility/manageability of the clients. 

In this type of strategies, the opportunity cost is of vital importance. It can be defined as: 

o For the specific case of a purchase transaction: the value of the reference price of bringing consumption from the future to carry out a 

purchase transaction in the market in the present, or purchase in the present to carry out a sale of energy in the future, because the current 

market cost is lower than that of the future.  

o For the specific case of a sale transaction: the value of the reference price of taking a consumption from the present to the future, or selling 

it in the present to make a purchase of energy in the future, because the current market cost is higher than that of the future. 

In conclusion, the opportunity cost is the cost of waiving or advancing a certain transaction. In this context, it can be understood as the situation 

in which the agent faces what is going to happen in the market in the future and with that knowledge he offers in the following period. In this way, 

there will be a staircase of sales opportunities and a staircase of purchase opportunities, predicted and with some uncertainty, between which the 

agent will move in his transactions. 

For more clarity, let us assume a 10-hour program from an initial instant t0 to an instant tbc, corresponding to the balance cycle time. In Figure 31, 

the energy consumption and price curves are represented. As can be seen, the price of electricity varies considerably throughout the 10 periods, 

while the energy consumed is always 1 kWh, without taking advantage of the possible consumption flexibility of ± 0.5 kWh. 

 

Figure 31. Graphical representation of the energy consumed and price within a 10-hour program from the initial instant t0 to the instant tbc, without any flexibility in consumption (tbc 
represents the balance cycle time). 
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On the contrary, in Figure 32 the same previous example is represented for the case of an already exploited flexibility of ± 0.5 kWh in consumption. 

As can be seen, for the same price reality as in the previous case throughout the 10 periods, flexibility is used in energy consumption to increase it 

to 1.5 kWh, with respect to the reference consumption of 1 kWh, or to decrease it to 0.5 kWh, depending on market prices. 

 

Figure 32. Graphic representation of the energy consumed and price within a 10-hour program from the initial instant t0 to the instant tbc, with an already exploited flexibility of ± 
0.5 kWh in consumption (tbc represents the balance cycle time). 

Table 22 shows the data corresponding to the energy consumed, the price per kWh and the energy x price for the case without flexibility in 

consumption represented in Figure 31 and for the case with an already exploited flexibility of ± 0.5 kWh represented in Figure 32. As can be seen, 

the total price after the 10 programmed periods is lower in the case of using flexibility, 415 €, compared to the same case but without using 

flexibility, 530 €. 

 

Table 22. Energy and price curves for a case without flexibility and for a case with an already exploited flexibility of ± 0.5 kWh. Energy x price is included in both cases 

PRICE CURVES 

 Without flexibility With ± 0.5 kWh flexibility 

Period Energy (kWh) Price (€/kWh) Energy × Price (€) Energy (kWh) Price (€/kWh) Energy × Price (€) 

1 1 80 80 0.5 80 40 

2 1 20 20 1.5 20 30 

3 1 50 50 1.5 50 75 

4 1 70 70 0.5 70 35 

5 1 10 10 1.5 10 15 

6 1 70 70 0.5 70 35 

7 1 100 100 0.5 100 50 

8 1 30 30 1.5 30 45 

9 1 60 60 0.5 60 30 

10 1 40 40 1.5 40 60 

Total 10  530 10  415 

 

Similarly, Table 23 shows the program and price monotonous curves (energy consumed ordered by decreasing price) after flexibility that will determine 

the sales opportunity costs (green shading) and the purchase opportunity costs (yellow shading). 

It is important to note that the purchase opportunity cost at an instant t will make sense if and only if the purchasing flexibility in that direction is not 

saturated, either due to disturbance flexibility with respect to the reference profile or because the maximum unbalanced volume has been reached. In the 

same way, the sale opportunity cost will only make sense if and only if the sales flexibility is not saturated. 

 



 
 

 

 
                                        Project funded by European Union’s Horizon 2020 
research and innovation program under the Grant Agreements n 952851 

  Page: 82 

 
  

 

   

 

Table 23. Energy and price monotonous curves for a case with an already exploited flexibility of ± 0.5 kWh in consumption, which will determine the sale opportunity costs (green shading) 
and purchase opportunity costs (yellow shading). 

 MONOTONOUS CURVES 

 With ± 0.5 kWh flexibility 

 Energy (kWh) Price (€/kWh) Flexibility less consumption Flexibility more consumption 

 0.5 100 0 1 

 0.5 80 0 1 

 0.5 70 0 1 

 0.5 70 0 1 

 0.5 60 0 1 

 1.5 50 1 0 

 1.5 40 1 0 

 1.5 30 1 0 

 1.5 20 1 0 

 1.5 10 1 0 

Total 10     

 

Below, a purchase and a sale transaction are exemplified, for this specific case, shown in Table 23, for an instant t and assuming total flexibility 

from 0.5 kWh to 1.5 kWh: 

o For a purchase trade/transaction, the agent should offer purchases below 50 €/kWh (purchase opportunity cost), so that, if a transaction 

is executed, the energy block of 1.5 kWh at 50 €/kWh becomes 0.5 kWh, anticipating consumption at prices below that reference. For 

example, if as represented in Figure 33 the price in a market opportunity decreases from 70 €/kWh to 5 €/kWh in the period 4, and the 

agent has purchasing flexibility because his consumption program is 0.5 kWh, he buys up to 1.5 kWh, that is, 1 kWh more, at a price of 5 

€/kWh, considering that he brings this energy from a future opportunity referenced at 50 €/kWh. 

 

Figure 33. Graphic representation of a purchase opportunity in the period 4 where the price per kWh decreases from 70 €/kWh to 5 €/kWh. 

 

The result of this transaction can be seen in the final cost settlement table (Table 24). The total price after the 10 programed periods decreases when taking 

advantage of the market opportunity, from 415 € to 337.5 €. 

 

Table 24. Final cost settlement for a purchase matching for a market opportunity in the period 4 where the price per kWh decreases from 70 €/kWh to 5 €/kWh. 

 WITHOUT MARKET OPPORTUNITY WITH MARKET OPPORTUNITY 

Period Energy (kWh) Price (€/kWh) Energy × Price (€) Energy (kWh) Price (€/kWh) Energy × Price (€) 

1 0.5 80 40 0.5 80 40 

2 1.5 20 30 1.5 20 30 

3 1.5 50 75 0.5 50 25 
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4 0.5 70 35 1.5 5 in another market/session 7.5 

5 1.5 10 15 1.5 10 15 

6 0.5 70 35 0.5 70 35 

7 0.5 100 50 0.5 100 50 

8 1.5 30 45 1.5 30 45 

9 0.5 60 30 0.5 60 30 

10 1.5 40 60 1.5 40 60 

Total 10  415 10  337.5 

  

o For a sale trade/transaction, the agent should offer sales at 60 €/kWh (sales opportunity cost), so that, if there was a current sale 

opportunity above that price, he would transfer energy to the block of 60 €/kWh changing his program from 0.5 kWh to 1.5 kWh. For 

example, if as represented in Figure 34 the price in a market opportunity increases from 30 €/kWh to 200 €/kWh in the period 8, and the 

agent has sales flexibility because his consumption program is 1.5 kWh, he sells up to 0.5 kWh (lower consumption), that is, 1 kWh less, at 

a price of 200 €/kWh, considering that he will carry this consumption into the future at a price of 60 €/kWh. 

 

 

Figure 34. Graphic representation of a sale opportunity in the period 8 where the price per kWh increases from 30 €/kWh to 200 €/kWh. 

 

The result of this transaction can be seen in the final cost settlement table (Table 25). The total price after the 10 programed periods 

decreases when taking advantage of the market opportunity, from 415 € to 275 € after the sale is settled. 

 

Table 25. Final cost settlement for a sale matching for a market opportunity in the period 8 where the price per kWh increases from 30 €/kWh to 200 €/kWh. 

 BEFORE TRANSACTION TRANSACTION AFTER TRANSACTION 

Period Energy (kWh) Price (€/kWh) Energy × Price (€)  Energy (kWh) Price (€/kWh) Energy × Price (€) 

 1 0.5 80 40 - 0.5 80 40 

2 1.5 20 30 - 1.5 20 30 

3 1.5 50 75 - 1.5 50 75 

4 0.5 70 35 - 0.5 70 35 

5 1.5 10 15 - 1.5 10 15 

6 0.5 70 35 - 0.5 70 35 

7 0.5 100 50 - 0.5 100 50 

8 1.5 30 45 Sale:(200-30)(1.5-0.5)=170 € 0.5 30 15 

9 0.5  60 30 Purchase 1.5 60 90 

10 1.5 40 60 - 1.5 40 60 

Total 10  415 170 10  445 

 Settlement 445-170= 275 
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Within the flexibility strategies with market intelligence, another classification can be elaborated based on whether the agent conditions the 

consumption program of a client in the face of future expectations of purchase/sale in anticipation of contingencies or not. 

o Conditioned market strategies:  

Market strategies can be conditioned. In other words, if the agent gets into an advantageous position before his market predictions happen, 

he can obtain greater benefits. As an example, if the agent anticipates an excess generation problem in the following day, his strategy can 

be based on not buying anything for that day in the markets prior to those closest to real time. Therefore, when the moment of real time 

arrives, the reference program in which the client is placed is minimal and thus the flexibility offered by the client will not be from the 

reference program to the maximum possible, but from the minimum deliberately set by the agent up to the maximum. In this way, the 

agent gains the differential between the minimum and the client's reference program (conditional transaction) and between the reference 

program and the maximum flexibility (pure flexibility transaction). In the opposite case that the next day an energy deficit is forecast in the 

system, the agent’s strategy would be the opposite, buy as much as possible in the previous markets/sessions and program the client on 

high. In this way, when the agent requests flexibility from the client, he will obtain it directly, which is speculative, and therefore the client 

consumes less and the agent sells the excess much more expensive, obtaining greater benefits. 

In the previous case, the curve programmed by the agent after flexibility produced programs of 0.5 kWh and 1.5 kWh for each hour, 

however, this predisposition of programs limited the possibilities of flexibility always in one of the two directions. For example, for an hour 

programmed with 1.5 kWh, if a purchase opportunity appears for that hour at a price of 5 €/kWh, it could not be taken advantage of, i.e. 

there would be no market opportunity, because the agent does not have flexibility to further increase his program. This situation is 

represented in Figure 35. The same happens in reverse, for an hour programmed with 0.5 kWh, if a sale opportunity appears for that hour 

at a price of 200 €/kWh, it could not be taken advantage of, since the agent does not have flexibility to further decrease his program, as 

seen in Figure 36. 

 

Figure 35. Example of the limitation of the flexibility possibilities in a purchase opportunity. 

 

 

Figure 36. Example of the limitation of the flexibility possibilities in a sale opportunity. 

 

The conditioning of the program will be focused on creating purchase and sale opportunities anticipating future contingencies, in order to 

avoid the aforementioned limitations and, therefore, the loss of market opportunities. As an example, if the agent previously predicts the 

purchase opportunity of Figure 35, in which the price in the period 10 decreases from 40 to 5 €/kWh, and will not be able to take advantage 

of it due to having that hour programmed at 1.5 kWh, he can modify his program by reducing it to 0.5 kWh, as shown in Figure 37. In this 

way, the agent creates a gap to make it possible to take advantage of the market opportunity when it arises. 

 



 
 

 

 
                                        Project funded by European Union’s Horizon 2020 
research and innovation program under the Grant Agreements n 952851 

  Page: 85 

 
  

 

   

 

 

Figure 37. Conditioning of the agent's program to be able to take advantage of the purchase opportunity of the period 10. 

 

The same happens in the case of Figure 36. If the agent previously predicts a sale opportunity, in which the price in the period 7 increases 

from 100 to 200 €/kWh, and will not be able to take advantage of it due to having that hour programmed at 0.5 kWh, he can modify his 

program by increasing it up to 1.5 kWh to generate that gap, as shown in Figure 38. 

 

Figure 38. Conditioning of the agent's program to be able to take advantage of the sale opportunity of the period 7. 

 

The knowledge that the agent has of the market is from the moment he predicts it until it is time to decide again or have another window 

of manageability or flexibility for another market. 

In the different market knowledge mechanisms, the agent's energy volume, his price staircases, the volume that he must recover and place 

at the forecasted prices and his opportunity cost will always be monitored. 

Therefore, in this type of strategies, a study of the market and the generation is carried out, it is predicted, so that the agent can put himself 

in an advantageous situation to take advantage of that knowledge and thus maximize his gap, both to rise and to go down. 

o Unconditioned market strategies: 

In this type of strategies, the agent also predicts the evolution of the market. However, unlike in conditioned market strategies, in these 

strategies the agent is not going to condition his programs to create that gap that makes it possible to take advantage of market 

opportunities. That is, he will not use his market knowledge to put himself in an advantageous position and maximize profits. 

The agent must look for as many possibilities of interaction as the market allows. What is really going to maximize his benefits and his 

flexibility is not opting for the best buying and selling opportunity, but for all intermediate opportunities, always complying with all the 

restrictions: technical flexibility, response times and balance cycles. 

In these strategies, the knowledge that the agent has of the market is from forecasting it to what may happen in the market.  

The market strategies defined above are used by the agent (retail electric company or independent aggregator) to fully exploit the client's flexibility in the 

electricity markets. The objective is to increase economic benefits, in addition to smooth the critical peaks in which the demand of electricity is maximum 

or the generation minimum and to relieve the system in times of contingencies or emergency conditions.  
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Demand response programs 

From the customer's point of view, these market strategies are translated into different demand management programs in which the customer modifies 

his consumption at the request of the agent, either under conditions pre-established by contract or under short notice, directly or through permission to 

regulate his load. Depending on the objective of the DR program: 

▪ DR PROGRAMS TO MAXIMIZE BENEFITS 

Their objective is to maximize the agent's economic benefits in the purchase and sale of electricity in the wholesale markets. Incentives are 

generally provided to consumers to limit their consumption when the wholesale price of electricity is high and to increase it during periods of low 

prices. An example of this type of program is the real-time pricing (RTP) program [48], [49].  

▪ DR PROGRAMS TO SMOOTH CRITICAL PEAKS 

This type of programs is focused on reducing periods of maximum demand or critical peaks. Consumers can receive a notification of the events 

(critical peak) at short notice from the agent to reduce their consumption at a certain moment, or they can have established by contract the transfer 

of their consumption from periods of high demand to periods of low demand. The customer is generally compensated with a lower base rate. 

Examples of this type of program are the critical peak pricing (CPP) programs [50] or the time-of-use-tariffs (TOU) programs [49], [51]. 

▪ DR PROGRAMS FOR CRITICAL CONDITIONS 

In this type of programs, the objective is to reduce the load or consumption of the clients to a certain level for a short period of time during system 

contingencies or emergency conditions. This level of load reduction may be contractually predefined, or it may assume a measured load reduction. 

The economic benefit of consumers in this type of program can be discounts on the invoice or payment of incentives. Generally, participants are 

notified of events well in advance. They are more restrictive or mandatory programs, in which failure or failure to respond to load reduction calls 

carries penalties or even exclusion from the program. Examples of this type of program are the interruptible service (IC Service) programs [52], the 

emergency DR programs [53], or the capacity market programs [53].  

 

 

5.6 International connection 

In this section, the role of international connections of the different electricity systems along Europe is introduced. 

Interconnections are key players in the energy transition. They are made up of a set of lines and substations that enable the exchange of energy between 

neighbouring countries and generate a series of advantages in the connected countries. Their role is key to achieving greater integration of renewable 

energies and advancing in decarbonization, which is why stronger interconnections are a priority for the coming years in the development of the 

transmission grid [54]. 

International interconnections that allow the exchange of energy between neighboring countries generate a series of technical and economic advantages 

in the connected countries: 

▪ Increased integration of renewable energies. As interconnection capacity increases, the volume of renewable production that a system is capable 

of safely integrating is maximized, since renewable energy that has no place in its own system can be sent to other neighboring systems, instead 

of being wasted. At the same time, in the presence of a deficit of renewable production or problems in the grid, a high degree of interchange 

capacity allows energy to be received from other countries. 

▪ Contribution to the security and continuity of electricity supply in interconnected systems, thanks to energy exchanges in case of need. 

Interconnections are the most significant instantaneous backup to security of supply. 

▪ Increased efficiency of interconnected systems. With the capacity that remains vacant on the lines and that is not destined for security of supply, 

commercial exchanges of electricity are established daily, taking advantage of the differences in energy prices between the interconnected 

electricity systems. These exchanges allow electricity generation to be carried out with the most efficient technologies, flowing energy from where 

it is cheaper to where it is more expensive. 

▪ Increased competition between neighboring systems. Energy imports from other countries force the country's own agents to have more 

competitive proposals if they want their offers to be accepted, generating a reduction in the price of electricity at the wholesale level. 

 

Spain's electricity system is interconnected with the Portuguese electricity system, both of which form the Iberian electricity system, with the French 

electricity system, and through this channel, with the Central European electricity system and with the North African electricity system through Morocco. 

In turn, the Central European electricity system is connected to that of the Nordic countries, the Eastern European countries, and the British Isles.  

Interconnection between European countries is essential to achieve the implementation of Europe's Internal Energy Market, which aims to supply 

electricity and gas to European consumers in a secure, environmentally sustainable manner and at the lowest possible price. 
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Figure 39. Interconnections in Spain with neighbouring countries [54] 

 

In recent years there has been an increase in the interconnection ratio at European level. The following figures show a comparison of the interconnection 

ratio generated in 2011 (Figure 40 on the left) and in 2020 (Figure 40 on the right). 

 

Figure 40. Interconnection ratio in Europe [54] 

 

The development of new interconnections is essential to achieve the binding renewable energy target of 32% by 2030 set by the European Union in June 

2018, since greater interconnectivity between member countries allows greater integration of renewable generation in other systems. 

 

The interconnections between Portugal and Spain, it should be highlighted that Spanish generators and Portuguese consumers benefit from this 

interconnection due to the fact that, in general, electricity from Spain is cheaper. 
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Figure 41. Annual physical international exchanges per boundary (GWh) [55] 

 

To ensure stability in the share of renewables, it would be sufficient to increase photovoltaic capacity. However, with this increase, interconnections would 

not be necessary and therefore we would not be able to participate in the advantages of European prices. 

However, interconnections are necessary for Spain to stop being an energy island, to be part of the European Energy Union, but also because it would get 

cheaper wholesale electricity market price with the current map, France is cheap and on occasions (the fewest) that the lowest price in Spain, we would 

raise. In addition, the intermittency of renewables can benefit from increased interconnections. Interconnections are necessary so that, in the event of 

excess renewable energy, which is not very manageable, part of it can be used with the cable. In addition, there are indisputable advantages in that they 

improve the security of supply and provide stability and guarantee for the interconnected systems. 

The Iberian Peninsula, due to its geographical location, has difficulties in interconnecting with the rest of Europe, which is why it is considered an "electrical 

island". Currently the interconnection capacity with France is 2,800 MW, so that Spain's interconnection ratio, which is below 5%, is far from the European 

objectives: a minimum interconnection ratio of 10% by 2020 and 15% by 2030. The interconnection ratio represents the interconnection capacity with 

respect to the total installed capacity. 

The submarine electricity interconnection project in the Bay of Biscay, which will increase the electricity exchange capacity between Spain and France by 

up to 5,000 MW, is currently in the consultation phase. Its commissioning is scheduled for 2024-2025. This project has been declared of European interest. 

However, Spain will continue to be below the targets set by the European Union. 

In 2018, until December 4, there has been market coupling between Spain and Portugal, i.e., the price of Spain and Portugal has been identical, 94.61% of 

the hours. Portugal's average price to date, €57.09/MWh, has been slightly higher than Spain's €56.93/MWh. In most months of 2018, Spain has been a 

net importer from Portugal. 

 

Figure 42. Electricity and spread exchanges with Portugal [56] 
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However, in the case of the interconnection with France, where the interconnection capacity is lower, Market Coupling has occurred only 24.68% of the 

hours. In most of the months of 2018, Spain has been positioned as a net importer from France coinciding with the months in which the price from France 

was lower than that of Spain. 

 

Figure 43. Electricity and spread exchanges with France [56] 

 

The average price of France in 2018, until December 4, has been lower than that of Spain, 49.81 €/MWh. Thus, having been a net importer of electricity 

from France, Spain has achieved a lower price than if the interconnection did not exist. 

 

Figure 44. Average monthly price Spain, Portugal and France [57] 

 

After the publication of Royal Decree Law 15/2018, of October 5, with measures to lower the electricity bill, it has been that more Spanish gas combined 

cycles have entered to produce in the electricity market displacing generating agents from our neighboring countries. 

In 2019, French electricity futures on the European Energy Exchange (EEX) market are trading lower than Spanish electricity futures on the OMIP market. 

Strengthening interconnections is essential for the development of a single European electricity market with more homogeneous and stable prices. Better 

interconnections will allow a greater integration of renewable energies with the consequent elimination of other polluting and non-renewable sources of 

electricity production. 
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5.7 Electric Vehicle 

The current section presents the electric vehicle as solution to enhance the penetration of renewables in the markets, and also ensure the feasibility of its 

introduction in the system as a key aspect in the energy systems transitions. The Spanish model is used as a reference environment to ease the explanation 

of the advantages and possibilities that the electric vehicle offers to tackle these topics. 

The current penetration of electric vehicles (EV) in the Spanish fleet is very low [58] (54079 vehicles in 2018, including battery electric vehicles, plug-in 

hybrid electric vehicles and extended-range electric vehicles). Increasing their number will provide a series of advantages, in terms of compliance with the 

CO2 reduction targets of EU regulations, compliance with the urban air quality requirements indicated in Directive 2008/50/EC of the European Parliament, 

reduced dependency on petroleum products, and improved demand management by acting on the curve of electricity system charging (smart charging).  

In addition, the electric vehicle can play an important role in balancing grid energy, serving as a distributed source of stored energy and helping to integrate 

variable energy sources into the grid, including wind and solar energy. 

In addition to the aforementioned advantages, electric vehicles have other advantages over internal combustion vehicles: 

▪ The energy efficiency is almost double. 

▪ The cost to recharge an EV is significantly cheaper than refueling an internal combustion engine vehicle. 

▪ The European objectives, in terms of energy sustainability, are difficult to achieve without acting on the transport sector. 

However, the mass electrification of vehicles will only be obtained when price parity is reached between electric vehicles and motor vehicles. According to 

manufacturers’ estimations, in Spain this parity could be reached by 2025, due to the expected reduction in the price of batteries. On the other hand, it is 

estimated that by 2030, a significant percentage of electric vehicles will be used through mobility as a service (MaaS), which will encourage achieving 

significant percentages of electric vehicles in the fleets. 

The Spanish INECP [58] considers that a fleet of 5,000,000 vehicles will be reached in 2030 (passenger cars, vans, buses and motorcycles), and therefore 

accumulated final energy savings over the 2021-2030 period are estimated at 3524,2 ktoe/year, out of a total of 13888 ktoe that represents the total for 

the transport sector. 

The distribution system operator (DSO) needs intelligence in the network to control the recharge of these new consumers. The existing electrical network 

was not conceived for this use and must be rapidly adapted using information and communication technologies (ICT) to avoid that these new loads put at 

risk the quality of the service offered to the rest of customers. 

A key aspect for the progressive incorporation of electric vehicles will be the deployment of the public recharging infrastructure. In this regard, on 9 

December 2016 the National Action Framework was adopted in response to the transposition of Directive 94/2014 of 29 September 2014 on the 

deployment of alternative fuels infrastructure. The National Action Framework meets the indicative target of the abovementioned Directive of having at 

least one charging point for every 10 electric vehicles. At present, the public electric vehicle charging service is liberalized in Spain and it is the companies 

themselves (and since the enactment of Royal Decree Law 15/2018 of 5 October 2018, any consumer) who are responsible for deploying the public charging 

service according to demand and the interests of the sector. 

However, the various public administrations, each in its own area of action, must ensure that deployment is carried out in an orderly manner and in 

response to existing demand. The Climate Change and Energy Transition Bill provides for establishing the obligation to install at least one public charging 

point at service stations with sales of petrol and diesel fuel greater than or equal to 5 million liters per year, which (once approved) will provide a significant 

boost to the public electric vehicle charging network. 

Electric vehicle recharging solutions have been developed for both public and private areas, including some solutions that allow the vehicle to be recharged 

more quickly or that allow the vehicle to be used as a battery that provides energy when desired through a bidirectional charger (e.g. vehicle to grid 

technology, where the charge goes from the car to the grid). The following types of recharges are already commercial: 

▪ Conventional charging: single-phase conventional charging uses electrical intensity and voltage of the same level as that used at home (16 A and 

230 V). This implies a load time of approximately 8 hours and it is an optimal solution to recharge the electric vehicle during the night (when there 

is less energy demand) in a garage of a single-family home or community garage. 

▪ Semi-fast recharge: uses 32 A of intensity and 230 V of electrical voltage, what implies a load time of 1-4 hours. This solution is optimal, 

fundamentally, to recharge the electric vehicle overnight in a garage of a single-family home or community garage. 

▪ Fast recharge: the most suitable type of charge, which means that 65% of the battery can be charged in 15 minutes. It uses a higher electrical 

intensity and delivers the energy in direct current. This solution resembles the consumer’s current refueling habits with a combustion vehicle. 

However, the demands at the electrical level are greater, which may imply the need to adapt the existing electrical network. 

▪ Vehicle to grid (V2G) technology: vehicles capable not only of charging their batteries when they are connected to the electricity grid but also of 

discharging energy to it. A particular case of the V2G technology is the discharge of energy from the vehicle for its use directly at home, feeding 

small consumptions, what is called ‘vehicle to home’ (V2H). This technology will allow the energy stored in the batteries to be reused either by the 

grid or by the vehicle owner.  

This solution could only be developed with the corresponding iDevices at the connection point to the network and a legislation that regulates how 

this bidirectional flow should be done.  

The V2G technology represents an opportunity to improve the efficiency of the electrical system since the batteries of the EV can be recharged or 

discharged at the time chosen by the users and by the network management system, which is not the case with most of the electrical consumption. 

This ability to manage demand has important advantages since it offers the electricity system the possibility of improving its overall efficiency, 
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flattening the demand curve, increasing the demand coverage ratio, improving security in the energy supply and facilitating the integration of 

energy from renewable resources. 

Consequently, it is absolutely necessary to develop the corresponding V2G recharging points capable not only of providing energy to the batteries 

for charging, but also of injecting energy from them into the grid. These charging points must be able to be managed by the system operator under 

a specific set of instructions that allows their efficient operation. 

Electric vehicle potential in the electrical network 

Among the main objectives to exploit the potential of the electric vehicle as an energy storage device are: 

▪ Reduce the electricity bill: in the case of different hourly rates, recharging the batteries of these vehicles during periods when the price of electricity 

is lower (e.g. during night hours when there is less demand) will help make the electricity bill considerably lower. 

▪ Peak saving: recharging the batteries of EV during periods of lower demand will allow the demand curve to be flattened by reducing the large 

differences that occur between periods of higher and lower electricity consumption and, therefore, helping to improve the stability and safety of 

the electrical system. 

▪ Use of renewables: EV with V2G technology can play a very important role in integrating renewable energy into the electrical system. The 

renewable energy production shows great variability. When renewable energy supply is higher than demand, excess production can not be fed 

into the system or stored in external batteries. Recharging EV during this overcharge periods will help to take advantage of this energy. For example, 

this is the case of wind energy production, generated mainly at night. The renewable energy stored in the vehicles may be returned to the grid at 

the right time during periods of higher electricity demand. 

▪ Back up (emergency generator): the partial discharge to the grid of the energy contained in the EVs in periods of higher energy demand will reduce 

the power generation requirement of the plants, which favors the efficiency of the electrical system. In addition, having EV with V2G technology 

connected to the grid will also allow having an energy resource that, under certain conditions, can provide an electricity supply to ensure the 

demand coverage ratio and even the security of supply. 

Relevant Spanish projects in electric mobility 

▪ ZEM2ALL project [59]: Zero Emission Mobility to All was a Spanish-Japanese consortium with a budget of more than 60 M€ that massively tested 

the new services and advantages of electric mobility in the city of Málaga, attracted by the smart grid infrastructure already deployed by the 

‘SmartCity’ project. It was led in Spain by Endesa, with the collaboration of Telefónica and Ayesa, and in Japan, by Mitsubishi Corporation and 

Hitachi. Within the project a fleet of 200 electric vehicles, 220 conventional charging points and 23 fast charging (Spain's largest network of fast 

charging points) was deployed.  

The project had a smart grid management system, capable of perfectly managing the charging of electric vehicles. Each charging point was 

electrically connected to a transformation center (CT) that, depending on the state of the network, allowed the charge of the vehicle or not and 

gave instructions to do so. Therefore, all electric vehicles and their associated infrastructure were permanently connected to a control center that 

sent them useful real-time information which makes easier and more efficient to move around the city, such as the location of the nearest fast 

charging point or the best way to get to it. Applications were also developed that allow each user, from their smartphone, to manage and receive 

information about the car and its charge or even reserve a place at a charging point. 

The creation of a microgrid was another objective of the project: elements that generate electrical energy (photovoltaic plates), items capable of 

storing energy (batteries from recharge points and vehicles), elements that consume stored or generated energy (electric vehicles in this case), 

and an intelligent control system capable of managing and planning the operations of the microgrid. So, summarizing, this microgrid is capable of 

integrating sources of generation, energy storage and manageable loads that can potentially function as small energy islands, that is, energy-

efficient units although connected to the grid. 

Within the scope of the project, the development and deployment of an EV charging infrastructure with V2G capacity was also carried out, 

consisting of a V2G charging point installed on public roads to support a conventional electric vehicle that was modified to have the V2G capability. 

The recharging infrastructure, as well as the vehicle, were fully integrated into the project's microgrid and its data collection and management 

system, thus becoming an element that was an active part of the ‘SmartCity’ Málaga. In addition, it facilitated the development of a complete 

protocol of tests and trials of use obtaining relevant conclusions on the actual use of these technologies, their possibilities and the next steps and 

recommendations to follow for their progressive implementation within the electrical system. This was the largest V2G experience in Europe, with 

6 two-way chargers of Endesa which allowed the car to take power from the grid and also return power to the electrical system at times of high 

demand or other needs. 

ZEM2ALL served as a real test of the operation and acceptance by citizens of electric mobility and allowed to assess the impact at the level of 

polluting emissions and energy consumption within a community. After four years of project, 4.6 million kilometers were traveled with zero 

emissions, more than 100,000 recharges were made and 330 tons of CO2 were avoided into the atmosphere, the equivalent of 50 households in a 

year. 76% of users used the vehicle on a regular basis. Professional users usually recharged several times a day and individuals used linked home 

recharge more from 21:00, recharging every 1.5 days on average. The conventional charge at home was the most used for being the most 

comfortable and cheapest for the user. 

▪ SAVIES Project [60]: it is a demonstration of vehicle to building (V2B) technology, a particular case of V2G technology, where the electric vehicle 

interacts with the building where it is plugged in. At times of power failure of the conventional grid, or in situations of need of energy 

complementarity, the electric vehicle supplies its energy to the building. The objective is to promote the management and efficiency of the 

building’s energy to be more independent from the conventional electricity grid, generate real knowledge about the applicability of electric vehicles 

and stimulate the wealth of skills in emerging sectors. 

▪ EDP Project [61]: in this project a new electric vehicle charger with V2G technology is being tested. This charger will allow two-way flow of energy, 

revaluing the vehicle while parked. Therefore, the owner of a vehicle has an asset that, because of its storage capacity, can be used in several 
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scenarios, such as in supporting the building’s network during peak consumption hours or even in stabilizing parameters of the national electrical 

system. It can also be associated with distributed generation systems promoting the integration of renewable energies into the grid. 

Electric vehicle strategies in the Spanish electric market 

Strategies for the participation of electric vehicles in Spanish electricity markets are still limited by current legislation. Although with great potential, V2G 

technology is still in development. So current strategies conceive the electric vehicle as a passive player in the network, limiting its participation to 

recharging at certain times of the day.   

▪ Hourly rate plans: currently, the only strategy for the participation of electric vehicles in Spanish electricity markets consists of hourly tariff plans. 

Many electricity companies offer the consumer advantageous plans for the recharging of electric vehicles in their homes. These tariffs offer very 

low electricity prices, and even free, in the valley hours of the day, that is, between 1:00 and 7:00, when electricity demand is lower. In this way by 

recharging electric vehicles in that time period, consumers benefit from a more competitive electricity price, reducing their electricity bill while 

helping the electrical system by flattening the demand curve and thus giving it a greater safety and stability. On the other hand, there is also greater 

use of renewable energy. 

 

 

5.8 Batteries for Inertia to the system 

The current section addresses the use of batteries as a useful asset for the electricity system operation by representing inertial devices. 

Typical battery applications and services from the market point of view are summarised in Figure 45. Demand management and energy trading is only 

some of the possible application closely connected to the market when considering the battery grid application. There are several other values and services 

that are currently being discussed from the market point of view. Frequency and voltage support represent only some examples of the developing markets.  

 
Figure 45. BSS value propositions (applications) and value networks (benefits) along the electricity value chain [62] 

 

The increase of non-synchronous variable renewable energy generation introduces new challenges to the operators and also electricity markets. One of 

the principal challenges is the management of grid frequency as power system inertia falls. Inertia is a property of crucial importance for a power system 

as the rotating masses of generators and loads define the system’s electrical frequency. Inertia is a valuable property because it lowers the rates of change 

of frequency (RoCoF) the power system experiences and acts against frequency disturbances in an instantaneous and smooth way that reduces RoCoF and 

helps in frequency restoration. 

There are several intents to explore the procurement of inertial services through market arrangements imposing dynamic requirements for total system 

inertia. The synthetic inertia from wind and PV generators as a potential resource for providing fast frequency response (FFR). A number of mechanisms 
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for recovering the costs of payments for inertia are currently being modelled. It is estimated that the costs of inertia can be offset by allowing synthetic 

inertia from wind and PV generators and battery storage to be bid into inertia markets. 

Also, there is a clear distinction between FFR and inertial services [63].  It is assumed that inertia from synchronous units provides an inherent response to 

slow the RoCoF, but cannot act to restore power system frequency while FFR can inject active power to correct the imbalance and restore system frequency, 

but does not inherently slow RoCoF in the same manner. 

Innovations may enable an even wider range of FFR services from inverter connected resources. Two cases are mostly discussed: 

▪ “Simulated inertia” (synthetic or virtual inertia) with the potential to be able to mimic the inertial response of synchronous units and thereby 

displace some quantity of system inertia. 

▪ “Grid forming” technologies may be able to set and maintain power system frequency to enable the operation of large power systems with no 

synchronous capacity. 

Despite some pilot installations [63], these two technologies have not been yet commercially demonstrated. 

Fast Frequency Response 

In the UK the Firm Frequency Response (FFR) [64] creates a route to market for providers whose services may otherwise be inaccessible. The FFR service 

gives us and service providers both a degree of stability against price uncertainty under the mandatory service arrangements. FFR can provide both dynamic 

and non-dynamic response to changes in frequency where the dynamic frequency response is a continuously provided service used to manage the normal 

second-by-second changes on the system. There are three response speeds for frequency response and the providers may offer only one of these or a 

combination of different response times: 

▪ Primary response - Response provided within 10 seconds of an event, which can be sustained for a further 20 seconds. 

▪ Secondary response - Response provided within 30 seconds of an event, which can be sustained for a further 30 minutes. 

▪ High frequency response - Response provided within 10 seconds of an event, which can be sustained indefinitely. 

The FFR service is open to both Balancing Mechanism (BM) and non-BM providers who can meet the technical requirements. This might include generators 

connected to the transmission and distribution networks, storage providers and aggregated demand side response. Units must be ready and in frequency 

sensitive mode at the start of each FFR window. 

Similar services are offered in Sweden and Germany and are called FCR-N [65] and PCR [66] respectively that need to deliver 50% of power within 5s (15s) 

and 100% within 30s. 

AEMO defines a similar service called Fast Frequency Response as “the delivery of a rapid active power increase or decrease by generation or load in a 

timeframe of two seconds or less, to correct a supply-demand imbalance and assist in managing power system frequency” [63]. It is also assumed that 

many inverter-connected technologies, such as wind, photovoltaics (PV), batteries and other types of storage have the capability to deliver Fast Frequency 

Response, as well as by demand-side resources.  

Enhanced Frequency Response (EFR) 

Enhanced frequency response (EFR) [67] is offered in UK (and is similar to FFR in Australia [63]). It is a dynamic service where the active power changes 
proportionally in response to changes in system frequency. This service was aimed at improving the management of system frequency pre-fault to maintain 
system frequency closer to 50Hz. 

A trial tender was organized and most of the offers were battery storage technologies.  All sites have commissioned and are now actively providing the 
service to the grid.  We have reviewed the learning from the project and continuous operation and are using that for our development of future frequency 
response products. 

EFR providers are required to have the following technical capabilities: 

• be capable of delivering a minimum of 1 MW of response. This may be from a single unit or aggregated from several smaller units. Maximum 
response of 50MW; and 

• be capable of responding within one second to frequency deviations and operate in frequency sensitive mode within the operational envelope and 
associated restrictions set out in the invitation to tender. 

A similar service is offered in Sweden and is called FCR-D [68], [65]that needs to deliver 50% of power within 5s and 100% within 30s.  

 

5.9 Market design  

In this section, some paths of evolution of the market design to facilitate the transition to modern decarbonized energy systems are discussed.  

Wholesale markets products 

Wholesale market products and processes are already evolving to facilitate the access of emerging resources such as RES, demand response and storage, 

reflecting the smaller size and more variable infeed/production compared to large conventional generators. The implementation of the Network 

Codes/Guidelines and the Clean Energy Package provisions underpins this ongoing evolution. 

For instance, finer time granularity products (i. e. 15 mins Imbalance Settlement Periods and Market Time Unit) incentivise market access of new resources 

(e. g. storage) by allowing the value of their flexibility to be captured better. Although this process is necessary, it also requires some time and costs to be 
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implemented, particularly for cross-border exchanges. Possible future evolutions to even finer time granularity products (e. g., 5 mins) will require careful 

evaluation from a cost-benefit perspective. 

Across coupled day-ahead (DA) and intraday (ID) markets, smaller minimum bid size products (e. g., max 500 KW) are being introduced to facilitate market 

access of smaller and distributed energy resources (DER). As per balancing markets, 1 MW is already the minimum bid size for standard balancing products 

(i. e., RR, mFRR and aFRR). Removing market barriers to aggregators will also support this process. Although digitalisation is making this transition easier, 

further reduction of minimum bid sizes leads to a trade-off between the increasing complexity of markets and operations and market access for small 

players [69]. 

RES participation in balancing markets 

With the increasing share of RES, it becomes increasingly important that RES also provide system balancing services. One of the main challenges is to 

integrate RES in balancing markets. Participation of RES in balancing markets is already allowed in many countries as established both in the Electricity 

Balancing Guideline and in the Electricity Regulation. Nonetheless, the effective participation of RES in these services has still not reached its full potential. 

Balancing markets should be as “open” as technically possible to all participants, facilitating access to emerging technologies and players such as RES. For 

this purpose, explicit technical barriers to RES participation in short-term markets – such as specific pre-qualification rules or disproportionate IT 

requirements – should be removed. In addition to technical barriers, RES participation could also be impeded by regulatory ones or by the lack of economic 

incentives, depending on the type and/or design of specific support mechanisms. In this sense, each type of support scheme (e. g., FIT, FIP or investment 

supports) incentivises different behaviours. 

Feed-in-premiums (FIP) support schemes based on energy infeed induce distortions in the balancing merit order as RES producers factor in the loss of 

premium when submitting downward offers. To address these shortcomings, RES support schemes should be designed so that they do not (implicitly or 

explicitly) prevent RES producers from offering their flexibilities on balancing markets. In this regard, existing support schemes may need to be reviewed – 

in close cooperation with RES market parties – to satisfy this objective. 

One possibility would be to also pay the premium when RES gets activated for negative balancing energy (similar to the compensation frequently paid for 

RES curtailment). Another suitable solution would be to pay the premium not for a fixed period but for a fixed number of full-load hours. In this case, the 

premium is not lost when a RES unit is activated for down-regulation but can be regained later. Another possibility is represented by capacity-based support 

schemes (also known as “investment support” schemes), which can minimise distortions in the balancing markets as market players will be incentivised to 

bid their marginal cost, and will not lose any support associated with the reduced energy when being down-regulated [69]. 

RES Supports and Negative Prices 

Negative prices are a sign of the inflexibility of the energy system as they occur when not all electricity infeed can be matched by demand or exports, and 

it is still more profitable for some generators to continue generating at negative wholesale prices than to disconnect. A certain degree of system inflexibility 

is, however, inevitable, and even efficient. Therefore, it is important that based on a free price formation principle, such price signals are allowed to occur 

to send incentives to market participants which reflect the current system status. Although it may seem odd that producers would pay for the electricity 

they produce, there are reasons behind this. The two main origins are  

▪ Considerable start/stop costs of some power plants, 

▪ If assets receive other remuneration outside the wholesale market, i.e., the CHPs that produce steam, assets which provide system services to the 

system operator, must-run, or assets that receive subsidies for their electricity infeed (such as RES) via certain types of support schemes. 

While negative prices do not constitute an adequacy challenge in itself, their indirect effect can cause issues from a system operation perspective. If, in 

fact, a large number of generation capacity disconnects in a short period of time because of negative prices, this leads to significant challenges, such as 

ramping, as we are already seeing in some countries. In times of negative prices, assets like wind farms or PV stop producing electricity if a market premium 

is not being paid. These quick in-feed changes result not only in challenges for operating margin but also in significant deterministic frequency deviations 

and local/zonal voltage issues [69]. 

Day-ahead, Intraday and Forward Markets 

The day-ahead market optimisation plays an important role as it creates a forecasted economic dispatch while performing congestion management by 

allocating scarce transmission resources between bidding zones. In this regard, an essential characteristic of many of the European day-ahead markets is 

that market participants can bid in on a portfolio basis and thus optimise their positions in a zone by self-dispatch. Intraday markets complement and 

adjust the initial cross-zonal schedule and enable market parties to minimise deviations between schedules and final energy injections and withdrawals. 

The ongoing transformation of the power system, in particular increasing variable RES, electrification and active consumers will require stepwise 

improvements of the energy markets to efficiently meet the future challenges of the energy transition. With the increasing penetration of weather-

dependent RES and demand response, the importance of intraday and balancing markets will increase as day-ahead markets will be – in relative terms – 

less able to capture close to real-time outcomes and sudden changes in market conditions. 

A number of market design improvements can be imagined to better adapt to the future generation mix and power system. One such example is moving 

to shorter resolution products, jointly managed with larger resolution products, an increase of the number of intraday auctions; and a possible review of 

gate closure times (compatibly with operational procedures), all paired with increasing volumes traded shortly before real-time. 

The rationale for more frequent intraday auctions could be argued for a number of reasons: 
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▪ Efficient allocation and pricing of cross-zonal transmission capacity: Allocation of cross-zonal transmission capacity in an auction maximises social 

welfare by awarding transmission capacity to those who value it the most, as opposed to continuous trading which is a first-come-first-served 

mechanism. This is particularly relevant to capture liquidity associated with new information on cross-zonal capacity being made available. 

▪ Setting a reference price for derivative products: Gathering the liquidity in an auction increases the importance of this market which can be used 

as a reference price for derivative products to hedge basic risk. 

▪ Potentially better in unlocking all flexibility by solving intertemporal dependencies: Depending on the auction mechanism, it is possible that energy 

can be traded for many hours, bids can be linked in time, and the efficient matching of offer and demand can be done for each market time unit. 

▪ Incentives for competitive and easier bidding strategy: Following a “pay as cleared” mechanism the market actors are incentivised to bid along 

their marginal cost knowing that they can benefit from the spread between the clearing price and their bid unless it is at the clearing point. 

▪ Incentivise liquidity and market participation: Auctions generally allow more active participation from smaller market participants, especially as 

bigger market participants can use their trading department 24/7 to take advantage of the continuous trading possibilities which emerge at 

unpredictable times. 

▪ Ensuring secure operation of the market: In continuous markets, algorithmic trading and the speed of trading determine who can benefit from the 

margins. Consequently, enormous volumes of bids are placed that risk creating backlogs in execution and could endanger the secure operation of 

the markets. 

However, continuous trading provides market participants and mainly variable renewable energy sources, DSR and storage with more flexibility to adapt 

on an ongoing basis their schedules. Intraday Auctions (IDAs) are positive for a number of reasons, but they introduce a certain degree of rigidity in the 

scheduling process of resources (such as RES or storage) as they do not allow it to be to continuously adjusted (i. e., before the following auction), as is the 

case with continuous trading. 

For each new auction, an additional step of calculating the remaining transmission capacities has to be implemented. As the capacity calculation takes a 

certain amount of time, it needs to be carefully assessed whether it is possible to embed a given number of additional implicit intraday auctions into the 

operational processes of TSOs. 

Lastly, with the possible increase of intraday auctions, the role of continuous trading in the European cross-border market could be reconsidered. Although 

on the one hand it may become of limited added value if intraday auctions become very frequent, on the other hand it could still be an additional option 

for market parties to take advantage of potential opportunities between auctions. Ultimately, the market will most likely reveal if there is continued 

appetite for such an option. 

Combining day-Ahead and Intraday Auctions 

Once sufficient cross zonal Intraday Auctions are in place the day-ahead auctions could be integrated into the design of the intraday markets, and act as 

an opening auction in a series or moving window of intraday auctions. At the day-ahead auction (D-1), where market participants can place bids for the 

entire next day (D) the cross-zonal transmission capacity is allocated. This auction is followed by a series of subsequent auctions (e. g., every hour) where 

energy is traded for every remaining market time unit (e. g., quarter-hour) of the day (D) wile recalculations of Available Cross zonal transmission capacity 

closer to real-time are performed to ensure an efficient outcome. Furthermore, more frequent intraday auctions could also replace the current complex 

and sub-optimal market coupling fall-back procedures. 

 

Forward Transmission capacity 

Well-functioning and liquid forward markets are an essential element of electricity markets, allowing market parties to hedge their price and volume risks. 

The long-term visibility of costs and revenues is essential for facilitating investments. As cross-border transactions increase with market integration, market 

parties also need to be able to hedge – where relevant, via long term transmission rights – the risk of price differences across bidding zones. 

European forward electricity markets have reached a good level of liquidity, with a plurality of products traded, both through exchanges and over-the-

counter (OTC). However, forward markets for cross-border transmission capacity are relatively less mature with a limited number of “standard” products. 

A number of evolutions could be imagined: 

Although currently yearly and monthly products are mostly available, market parties may require more granular and specific products such as multi-yearly 

products, peak/off-peak, week/weekend, etc. The possible introduction of block bids should also be considered. 

An organised secondary market could allow market parties to hedge their position efficiently and on a continuous basis. However, the impact of the 

requirements stemming from financial regulation should be properly assessed in this case. 

Allocation of Long-Term Capacity could be done on Flow-Based parameters (where relevant) and per bidding zone border. LT Capacity auctioned per 

bidding zone border would be based on maximising economic surplus. However, several questions remain as hedging possibilities for market parties, 

transparency, re-allocation of revenues due to resales, new congestion income distribution methodology, and level of capacity given by FB domain [69]. 

Market Coupling Algorithms 

Achieving one of the largest electricity markets in the world is a challenging task that stresses optimisation procedures and tools such as Euphemia. The 

prioritisation may be required between complexities of products, prices calculation, repeatability, calculation time and spatial-temporal resolution to 

achieve power markets evolutions, such as the 15 min Day-ahead and Intraday coupling or the Flow-Based extension to CORE. 
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Product simplification 

To fulfil the diversity of the market parties’ needs, many different products are proposed by Power Exchanges (e. g., regular blocks, profile blocks, exclusive 

blocks, linked blocs, flexible hourly block, Minimum Income Order, Load Gradient Orders, PUN Merit orders, etc.). Some products are widely used, such as 

regular block orders, which have seen their numbers increasing in the past few years, whereas others are used less. The multiplicity of products makes it 

possible to incorporate many of the constraints of assets in the market coupling but increases the computation burden of the algorithm such as Euphemia. 

Under some conditions, this cost of computation could jeopardise ambitious evolutions of power markets such as a generalisation of 15-min products for 

Day-Ahead and Intraday auctions, Flow-Based extension to CORE, a reduction of minimum bid sizes, etc. These evolutions could create more social welfare 

than the capacity for market participants to use all of the available products today in order to reflect their constraints. Under these assumptions, the 

question of a reduction of the currently available products to ease other power market evolutions can be raised. 

Alternative pricing methods 

The current pricing methodology used by the European market coupling algorithm is called “uniform” and couples the determination of the prices and the 

determination of the volumes to clear. This method minimises the number of paradoxically accepted/rejected orders and ensures a single price per bidding 

zone; however, it impacts the computation performances compared to other solutions. Alternative pricing algorithms could decouple the resolution of 

prices and volumes. These kinds of solutions make it possible to sharply reduce the optimisation time and increase the scalability of the algorithm at the 

cost of the introduction of side-payments for some participants. These side-payments would be necessary to compensate paradoxically-accepted orders, 

i.e. bids orders (or ask) cleared but with a clearing price below (above) the proposed bid price. As an example, those side-payments could be covered by 

the surplus of in-the-money accepted orders. Those alternative pricing methods are promising but still at the research level and could have consequences 

on the EU regulation 9 and price signal depending on the level of the side-payments. 

Adapt the optimisation procedure 

The robustness and reliability of the algorithm and related optimisation and clearing processes are essential features for both market parties and TSOs. To 

address the constraints of the optimisation, while reducing the risk of incidents such as de-couplings, a number of solutions could be imagined and explored. 

One of the solutions is to adapt the resolution time to the size of the social welfare optimisation problem. The market coupling process currently allows a 

fixed 12 minutes resolution time for Euphemia and may be extended in accordance with power markets evolutions. An extension of the computation time 

should carefully investigate the cost of internal procedures adaptation of the market parties. Another solution could be to maintain an hourly day-ahead 

auction followed by a close first 15 min intraday auctions. The idea is to split the problem in two. The first auction deals with most of the volume and less 

hourly orders and the second one deals with the details but with more 15-min orders [69]. 
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