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Executive Summary 

The PARITY project  aims to enable the set-up and operation of local flexibility markets at the 

distribution network level. Based on a smart contract enabled and blockchain based market platform, 

internet of things enabled flexibility management tools as well as innovative smart grid management 

tools, a local market framework will be defined and established. This creates value for a range of 

stakeholders including prosumers, DSOs and energy retailers. The business opportunities arising in this 

field will be identified and the resulting business models will be formulated and validated. 

This report  focusses on the development of the local market design, but also on the integration of the 

local market of PARITY with the conventional electricity markets. Furthermore, gaps are identified 

in terms of market structure, but also in terms of conventional cutting-edge technologies that enable the 

implementation of such a local market. Finally, it is the goal of this report to derive a list of 

recommendations to be considered for the further work in the PARITY project. These 

recommendations arise both from the defined market structure of PARITY and from the gaps identified.  

The methodologic approach for this deliverable follows two parallel streams. The first one deals with 

market structure and the second with market-enabling technologies. 

Market Structure  

Firstly, existing European market models have been reviewed, disentangling the main concepts and 

creating a common understanding of it. Here, a three-step approach has been applied: 

1) The roles of market participants and stakeholders have been defined in detail based on the role 

models from USEF and ENTSO-E. For each role, the services offered or requested have been 

identified.  

2) The markets have been examined, where these players may participate, and also the products 

traded have been highlighted. 

3) The most important mechanisms for utilising demand side flexibility as developed by USEF 

and ENTSO-E have been introduced. 

In contrast to these well-established market models, the PARITY market design has been developed. 

Based on conventional discussions in scientific literature, five market design parameters have been 

introduced and a PARITY approach for each parameter has been proposed. These parameters are: 

¶ Market participants 

¶ Instruments for providing flexibility 

¶ Market operator(s) 

¶ Definition of the local scope of the market 

¶ Coordination between flexibility requesting parties 

This scheme then has been applied for defining the PARITY market design.  

In PARITY, two novel markets are introduced: The Local Electricity Market (LEM) and the Local 

Flexibility Market (LFM). The LEM  is facilitating P2P trading among prosumers and the platform is 

operated by the Local Electricity Market Operator (LEMO), a private competitive entity. 

The LFM  has the purpose to activate flexibility for the DSOôs needs. As a first option, it can be 

implemented as an explicit market with a dedicated market platform, that is operated by the Local 

Flexibility Market Operator (LFMO), a regulated entity. On this platform aggregators can offer 

flexibility services to the DSO only. 

As a second option, the LFM  can also be implicitly  integrated in the LEM. This means, that there is no 

market platform for the LFM and hence no LFMO. However, for activating this implicit LFM, the DSO 

imposes locationally varying grid prices to the prosumers. Those can react to this price signals by 

adapting their load and generation profile and their trades on the LEM accordingly and as a result avoid 

grid constraint violations. 
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An in-depth discussion about the local scope of the PARITY market framework has been performed 

with market participants, especially DSOs. In the explicit LFM, local tags are assigned to each flexibility 

bid in order to enable the DSO to solve grid constraint violations precisely when procuring flexibility. 

For the implicit LFM, this is tackled by the locationally varying grid prices. 

The PARITY market framework is governed by a Traffic Light Concept (TLC). In the GREEN phase 

the LEM is active as well as participation of the prosumers in ancillary services (AS) and wholesale 

(WS) markets through aggregators. In the YELLOW phase, the LFM is activated. In case of an explicit 

LFM, the dedicated market platform is opened and all other market activities (LEM, AS/WS 

participation) are paused. In an implicit LFM, those market activities continue, but the DSO imposes 

the locationally varying grid prices. Finally, in RED and BLACK state, the DSO takes over control and 

all market activities are stopped. 

The following role model shows the PARITY market structure, developed in this deliverable. 

 

Based on the assessment of conventional electricity market models and the definition of the PARITY 

market design, a structural gap analysis has been delivered, comparing the conventional electricity 

market models with the proposed PARITY market model and highlighting potential conflicts of interest 

between stakeholders. For identifying the structural gap, a SWOT analysis has been performed, 

examining the Strenghts and Weaknesses of the conventional model and the Opportunities and Threats 

of the PARITY market model. This has been achieved with the help of actual market participants within 

the project consortium. The main conflicts of interest have been reported between i) the DSO and the 

Retailer (e.g. prices, energy storage use), ii) the DSO and the Aggregator (e.g. rules, data exchange, grid 

stability) and iii) the Aggregator and Retailer (e.g. energy forecasting errors). 
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Technologies 

For the stream on technologic issues, firstly a literature re view on current cutting-edge solutions for 

implementing an LFM and P2P trading has been carried out. Then, an in-depth review of previous 

research and pilot projects has been performed. Two main categories of projects have been analysed: 

¶ Prototype and highly innovative energy transactive frameworks, being deployed in a small or 

medium geographical scale with main focus on P2P energy transactions. 

¶ Energy transactive frameworks which are in a near-commercial stage, referring mostly to local 

flexibility markets - being implemented in a large scale in several EU countries. 

Following table shows the projects that have been analysed. 

 

Project Market(s) implemented 

LFM  LEM  Participation 

in AS/WS 

market 

Nodes ã  ã 

EPEX Spot Local Flexibility Market Platform ã  ã 

GOPACS ã  ã 

Piclo Flex ã  ã 

INTERFLEX ã ã ã 

DRIvE ã ã 

 

CATALYST ã ã ã 

eDREAM ã ã 

 

SmartNet ã 

 

ã 

Brooklyn Microgrid  ã ã 

INVADE ã 

  

 

Based on these projects, a technological gap analysis has been delivered. For this analysis, a set of 

technological indicators has been introduced, which have been derived from the basic technological 

objectives and the main aspects that PARITY aims to address, as defined in the proposal of the project. 

They include: 

¶ EV flexibility and smart charging 

¶ Smart contract enabled transactions 

¶ Human centric demand flexibility profiling and control 

¶ Power-to-heat technologies for virtual thermal energy storage 

¶ Smart grid monitoring and management 

Then the related previous projects have been analysed according to these indicators. Serious 

technological gaps have been derived for almost all the specified indicators. For each identified gap, the 

final and probably most important outcome of the technological gap analysis is to provide trend-setting 

recommendations and give further technological directions that PARITY project could follow in order 

to make an attempt and explore the feasibility of covering the identified gaps.  
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1.  Introduction  

The PARITY project aims to enable the set-up and operation of local flexibility markets at the 

distribution network level. The tools that will be developed in the project include: 

¶ A smart contract enabled, blockchain based market platform which will facilitate both peer-to-

peer (P2P) energy transactions as well as the sell/purchase of flexibility to smart grid actors. 

¶ Internet of things (IoT) enabled flexibility management tools for Distributed Energy 

Resources (DER). 

¶ Smart grid monitoring and management tools to enable the Distribution System Operator 

(DSO) to optimally manage the low voltage distribution network. 

Facilitated by these tools, a well-functioning local market framework will be defined and established, 

creating value for a range of stakeholders including prosumers, DSOs and energy retailers. The business 

opportunities arising in this field will be identified and the resulting business models will be formulated 

and validated. 

PARITY will demonstrate all its results in four demonstration sites with varying characteristics in 

terms of climatic zones, proliferation of RES and demand device types, regulatory frameworks and 

market codes as well as culture and environmental consciousness. The sites are located in Granada, 

Spain; Athens, Greece; Southern Sweden, and Massagno, Switzerland. 

1.1 Scope and Objectives of the Deliverable 

The main purpose of this report is to disentangle the proposed market concept of PARITY and to 

elaborate on the market design. Clarifying the market design is a crucial precondition for the further 

work in the project. Therefore, at all stages of this task, it was aimed at considering the intentions and 

perspectives of all consortium partners. As a result, a common understanding of the PARITY market 

framework was created.  

This report focusses not only on the development of the local market design, but also on the integration 

of the local market of PARITY with the conventional electricity markets. Furthermore, gaps are 

identified in terms of market structure, but also in terms of current cutting-edge technologies that enable 

the implementation of such a local market. 

Finally, it is the goal of this report to derive a list of recommendations to be considered for the further 

work in the PARITY project. These recommendations arise both from the defined market structure of 

PARITY and from the gaps identified.  

1.2 Structure of the Deliverable 

The deliverable starts with an overview of the methodology followed in this task (Chapter 2). Then, all 

the information and data collected for the subsequent analyses are presented:  

¶ Chapter 3 provides a review of conventional European electricity market models and creates a 

common typology and a common understanding of the roles, interactions and mechanisms 

established in these models. 

¶ In chapter 4 an overview of current cutting-edge technologies, relevant for the implementation 

of the PARITY market framework, is given. 

¶ Chapter 5 presents detailed information of previous research and pilot projects, that deal with 

the implementation of LFMs or P2P electricity trading. 

Based on this foundation, following analyses are carried out: 

¶ After discussing the most important aspects and controversies of local flexibility/electricity 

markets, chapter 6 establishes the PARITY local market design. 

¶ Chapter 7.1 shows the results of a gap analysis investigating aspects of market structure. Here, 

the perspectives of actual market participants such as DSOs, retailers and aggregators have been 
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considered, tackling gaps and potential conflicts of interest arising in the PARITY market 

structure. 

¶ In chapter 7.2 a technological gap analysis is performed, identifying the gaps between cutting-

edge tools that are developed in other projects and those that are envisioned in PARITY. 

The key results of these in-depth analyses are finally concluded (chapter 8) and a list of 

recommendations for the further work in PARITY is derived (chapter 9).  

1.3 Relation to Other Tasks and Deliverables 

For this report, input was received from T4.1, which is about the identification of barriers for the 

proliferation of LFMs. Here, mainly barriers on market regulation and technology have been retrieved. 

By defining the market structure, T4.3 plays a central role in the early stage of the PARITY project. 

Therefore, this report delivers input for the remaining tasks of WP4. T4.2 builds on the market structure 

developed in T4.3 for defining smart contracts between market actors, whereas T4.4 uses it for 

formulating business models for them. Finally, T4.3 feeds into T5.2, where the PARITY market model 

is finalised and the technical implementation of the market platform starts (Figure 1). 

 

 

Figure 1. PERT diagram for T4.3 
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2.  Methodology 

The methodologic approach for this deliverable follows two parallel streams. The first one discusses 

market structures and the second one addresses market-enabling technologies. 

2.1 Market Structure  

Firstly, the aim is to review existing European market models, disentangle the concepts and create a 

common understanding of it. Here, following three-step approach is applied: 

1) The roles of market participants and stakeholders are defined in detail based on the role models 

from USEF and ENTSO-E. For each role, the services offered or requested are identified.  

2) The markets are examined, where these players may participate, and also the products traded 

are highlighted 

3) The most important mechanisms for utilising demand side flexibility as developed by USEF 

and ENTSO-E are introduced. 

In contrast to these well-established market models, the PARITY market design is developed. Based 

on current discussions in scientific literature, five market design parameters are introduced and the 

PARITY approach for each parameter is proposed. These parameters are: 

¶ Market participants 

¶ Instruments for providing flexibility 

¶ Market operator(s) 

¶ Definition of the local scope of the market 

¶ Coordination between flexibility requesting parties 

Then, a structural gap analysis is delivered, comparing the conventional electricity market models with 

the proposed PARITY market model and highlighting potential conflicts of interest between 

stakeholders. To identify the structural gap, a SWOT analysis is performed, examining the Strenghts 

and Weaknesses of the conventional model and the Opportunities and Threats of the PARITY market 

model. This was achieved with the help of actual market participants within the project consortium. 

2.2 Technologies 

For the stream on technologic issues, firstly a literature review  on current cutting-edge solutions for 

implementing a LFM and P2P trading is carried out. Then, an in-depth review of previous research 

and pilot projects is performed. Two main categories of projects are analysed: 

¶ Prototype and highly innovative energy transactive frameworks, being deployed in a small or 

medium geographical scale with main focus on P2P energy transactions. 

¶ Energy transactive frameworks which are in a near-commercial stage, referring mostly to local 

flexibility markets - being implemented in a large scale in several EU countries. 

Based on these projects, a technological gap analysis is delivered. For this analysis, a set of 

technological indicators is introduced, which have been derived from the basic technological objectives 

and the main aspects that PARITY aims to address, as defined in the proposal of the project. They 

include: 

¶ EV flexibility and smart charging 

¶ Smart contract enabled transactions 

¶ Human centric demand flexibility profiling and control 

¶ Power-to-heat technologies for virtual thermal energy storage 

¶ Smart grid monitoring and management 

Then the related previous projects are analysed according to these indicators. By highlighting the gap 

between the solutions deployed in previous projects and the solutions envisioned in PARITY, the 

innovation potential of PARITY is specified. 
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3. Conventional Electricity Market Models  

The aim of this chapter is to review the conventional European electricity market models and, as a result, 

create a common understanding of the roles, interactions and mechanisms established in these models. 

This chapter serves as a foundation for developing a novel local market model within the framework of 

PARITY. For this purpose, an extensive literature review has been carried out, examining market 

concepts addressed in scientific works as well as guidelines from stakeholder organisations. A specific 

focus has been laid on widely used models of USEF, and ENTSO-E. USEF is a non-profit partnership 

of different companies from the smart energy industry. It offers a comprehensive framework based on 

their Flexibility Chain, specifically defined to foster the utilisation of demand side flexibility (USEF 

2015). ENTSO-E, European Network of Transmission System Operators for Electricity, has developed 

its Harmonised Electricity Market Role Model, providing an analytical and exhaustive description of 

roles in the European electricity system (ENTSO-E 2019). Evaluating these widely used models, a sound 

integration of the PARITY concept into the conventional market structure can be achieved. 

This chapter is organised as follows: At first, essential definitions are discussed and clarified (section 

3.1). Then, the roles of market participants and stakeholders are defined in detail as well as the respective 

services they offer or request (section 3.2). Based on that, the markets are examined, where these players 

may participate, and also the products traded are highlighted (section 3.3). Finally, the most prominent 

mechanisms for utilising demand side flexibility as developed by USEF and ENTSO-E are introduced 

(section 3.4). 

 

3.1 Definitions: Flexibility, Products and Services 

Electrical energy can be referred to as a commodity that can be traded and used by end-consumers for 

operating electric devices. In contrast, flexibility  is defined as the possibility of adjusting patterns of 

generation and consumption in reaction to a signal (price or activation signal) to contribute to different 

services (EURELECTRIC 2014). From a technical perspective, flexibility can be seen as a power 

modification and is described by following 5 attributes (Villar  et al. 2018):  

1. Direction (up or down) 

2. Rate of change (power capacity) 

3. Starting time and trigger 

4. Duration 

5. Location 

Flexibility can be provided either as a product, for example when an aggregator sells flexibility to 

another market participant (perspective of flexibility source), or as a service, when the market 

participants buys flexibility from an aggregator and utilises it (perspective of flexibility requesting 

party). Even though there is a fine line between flexibility products and services, the main difference 

between them stems from the fact that the same product can turn into different services depending on 

the participant and how it wants to utilise them once the flexibility has been bought. In this sense, 

flexibility products can be traded on explicit markets, whereas services can be created from flexibility 

in general, no matter if it was activated explicitly or implicitly (Jin et al. 2020, Belhomme et al. 2009). 

The definition of flexibility  services therefore depends on the specific needs of the parties requesting 

them (such as TSO, DSO and BRPs), whereas the definition of flexibility  products depends on the 

market where they can be traded. 

When delivered as a product, there are three possibilities, as shown in Table 1. The product definition 

depends on the market where the flexibility is traded. In this work, a rough differentiation between 

unconditional products and conditional products is applied for describing the flexibility markets in 

chapter 3.3. 
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Table 1. Classification of flexibility products (Source: Jin et al. 2020, Belhomme et al. 2009) 

Flexibility product  Conditionality  Typical example 

Scheduled reprofiling 

(SRP) 

Unconditional 

(obligation) 

The aggregator has the duty to provide a specified power 

adjustment at a defined time for a defined duration 

Conditional reprofiling 

(CRP) 

Conditional 

(real option) 

The aggregator must have the capacity to provide a 

specified power adjustment during a defined duration. 

The delivery is called upon by the buyer of the flexibility 

Bi-directional 

conditional reprofiling 

(CRP-2) 

Conditional 

(real option) 

The aggregator must have the capacity to provide a 

specified power adjustment during a defined duration in 

a bi-directional range [īy, x] MW. The delivery is called 

upon by the buyer of the flexibility 

Instead, the type of flexibility  service depends on the flexibility requesting party (FRP) utilising the 

flexibility. The flexibility services are described for each market participant in chapter 3.2. 

 

3.2 Roles and Services 

In this section the roles of participants and stakeholders in the European electricity market framework 

are analysed. Each sub-section starts with a definition of the specific role and its main characteristics. 

Then, related terms are highlighted and a clear distinction between these terms is provided. In this way, 

the use of ambiguous terms is avoided and a clear discussion of further concepts can be facilitated. 

Finally, the services offered or requested by each role are analysed. 

Note, that terms printed in bold are discussed in a dedicated section, whereas terms printed in italics are 

briefly defined as related terms. 

 

3.2.1 Prosumer 

The word prosumer is derived from the words producer and consumer. A prosumer can be regarded as 

ñan end-user that no longer only consumes energy, but also produces energyò. There is no distinction 

between residential, SME or industrial entities. They are all referred to as prosumers (USEF 2015).  

In the sense of ENTSO-E (2019) a prosumer is a party connected to the grid combining the roles of a 

consumer and a producer. For practical reasons, when referring to prosumers in general, this may also 

include pure consumers without production units or vice versa small-scale producers without significant 

consumption. 

Prosumers are the parties who operate Distributed Energy Resources (DERs). In case end-users and 

building/facility owners are not the same entity, conflicts of interest may arise (e.g. in terms of comfort 

or energy efficiency). 

Related terms: 

¶ Consumer: A party that consumes electricity connected to the grid (ENTSO-E 2019). 

¶ Producer: A party that produces electricity connected to the grid (ENTSO-E 2019). 

¶ Building/facility owner: Person or entity possessing title to a building/facility. 

¶ End-user: Person or entity occupying a building/facility and consuming the final energy. 

¶ Facility manager: Dedicated to ensure functionality, comfort, safety and efficiency of a 

building/facility. This may be an external professional or internal staff of the organisation 

occupying the building/facility. 

¶ Customer: ñA person or an organisation that buys a product or serviceò (Camebridge 2020). 

This is not necessarily the same as a consumer, but depends on the product or service. 
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Flexibility services: 

On the one hand, a prosumer (or more specifically its DERs) is a source of flexibility. This demand side 

flexibility  or Distributed Generation can be bundled by an aggregator, creating flexibility services to 

be sold to a flexibility requesting party (FRP)  (cf. section 3.2.4). 

On the other hand, prosumers can receive a range of flexibility services (Figure 2). These services are 

provided by an Energy Service Company (ESCo) and enable energy optimization for the prosumer 

behind the meter. The most relevant services are Time-of-Use (ToU) optimization (load shifting from 

high-price intervals to low-price intervals), kWmax control (reduction of maximum load/peak shaving) 

and self-balancing (e.g. maximising self-consumption of a generation unit). Another service could be 

controlled islanding during grid outages increasing the availability of power supply for the prosumer in 

such a situation. 

 

Figure 2. Flexibility services requested by prosumers (Source: USEF 2015, adapted) 

 

3.2.2 Distributed Energy Resource (DER) 

DERs typically include controllable loads, distributed generation and energy storage (Jin et al. 2020). 

Therefore, DER means the technical unit that is able to provide flexibility of any kind as a decentralised 

source. DERs can be operated by individual prosumers or as standalone facilities, such as community 

battery storage or community photovoltaic (PV) plants. 

Related terms: 

¶ Active Demand & Supply (ADS): ñRepresents all types of systems that either demand energy or 

supply energy and which can be actively controlledò (USEF 2015). 

¶ Distributed Generation: Distributed generation is an electric power source connected directly 

to the distribution network (in front of the meter) or on the customerôs site (behind the meter 

(Ackermann, Andersson and Söder 2001). 

¶ Device: commonly understood in this context as a technical unit consuming or producing 

electrical energy. The term does not imply any flexibility potential or any ability to be actively 

controlled. 

Flexibility services: 

As DERs represent technical units, the services offered or requested by DERs are the same as for 

prosumers. 

 

3.2.3 Energy Service Company (ESCo) 

An ESCo offers energy related services to prosumers (Klaassen and Van der Laan 2019) or generally 

to parties connected to the grid (ENTSO-E 2019). However, it is crucial to note that, unlike the role of 

an aggregator, the ESCo is not active (nor exposed) to wholesale or balancing markets (Klaassen and 

Van der Laan 2019). ENTSO-E (2019) notes, that ESCos are not directly active in the energy value 

chain or the physical infrastructure itself.  

In the literature, the term ESCo is defined very broad, but often closely related to providers of energy 

efficiency services such as Energy Performance Contracting or Energy Supply Contracting, where the 

ESCo accepts some degree of risk for energy efficiency improvements (JRC 2016). Thererfore, service 
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providers offering specifically flexibility services behind the meter can be also referred to as Flexibility 

Service Companies (FLESCo) (Leutgöb et al. 2019). However, in this report we use the broad definition 

of an ESCo from ENTSO-E and USEF. According to that, ESCos may offer both energy services as 

well as flexibility services. Here, the difference between both needs to be highlighted. Energy services 

are in general those which (potentially) affect the amount of energy consumed or produced by the 

prosumer. Flexibility services specifically focus on deliberate (time limited) changes to the ónormalô 

energy profile (Klaassen and Van der Laan 2019). 

Flexibility services: 

As an ESCo is a service provider, it provides to the prosumer the flexibility services listed above in 

Figure 2. Note, that these flexibility services enable a prosumer to respond to price signals either from 

the energy supplier or the DSO, as shown in Figure 3. 

 

Figure 3. Flexibility services provided by an ESCo as a response to price signals (Source: Van 

der Veen et al. 2018) 

Energy services: 

The energy services provided by ESCos are manifold including financing services (e.g. Energy 

Performance Contracting), energy efficiency monitoring or advisory services and many more. In the 

context of local communities, the ESCo role can also facilitate peer-to-peer (P2P) energy trade among 

prosumers in the sense of running a shadow administration, which is separated from the administration 

of a supplier/BRP and therefore has no official role in the organisation of the electricity system 

(Klaassen and Van der Laan 2019)1. 

 

3.2.4 Aggregator 

The role of the aggregator is to accumulate flexibility from prosumers and their DERs and sell it to 

Flexibility Requesting Parties (FRPs). The aggregatorôs goal is to maximise the value of that flexibility 

by providing it to the party that has the most urgent need and therefore offers the highest price. The 

aggregator is also responsible for the invoicing process associated with the delivery of flexibility. The 

aggregator and its prosumers agree on commercial terms and conditions for the procurement and 

control of flexibility (USEF 2015). 

Depending on the aggregator model applied, the aggregator needs to act as a Balance Responsible 

Party (BRP). More specifically, this depends on the contractual arrangements in the aggregator model 

and how these affect the balance responsibility of the different actors. For a detailed discussion on that, 

refer to the óUSEF Workstream on aggregator implementation modelsô (De Heer and Van der Laan 

2017). However, for an aggregator providing flexibility services to a TSO, this has to be routed via a 

BRP (or a BSP which is assigned to one or more BRPs), according to USEF (2015). 

                                                      

1 cf. chapter 3.3.4 
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In addition to this core element, an aggregator may also assume the role as a facilitator for P2P trading 

among prosumers, as outlined in the EU Renewable Energy Directive (2018)2. For further details on 

P2P trading refer to section 3.3.4. 

An aggregator may be an independent market participant, but this role may also be assumed by another 

stakeholder on the free market, such as a traditional supplier. 

 

Related terms: 

¶ Flexibility Service Provider (FSP): Market participant offering services using flexible resources. 

The FSP is a generic role that delivers a flexibility service to the specific Flexibility Requesting 

Party. Therefore, an FSP can represent a BRP or BSP. An aggregator providing flexibility services 

to an FRP can therefore be referred to as an FSP (USEF 2015). 

¶ Flexibility Requesting Party: A party interested in using flexibility for a specific service. USEF 

(Klaassen and Van der Laan 2019) defines the TSO, DSO and BRP as FRPs. 

Flexibility services: 

As shown in Figure 4, an aggregator is an intermediary between the prosumer (with their DERs as 

sources of flexibility) and the Flexibility Requesting Parties (FRPs). This means, it acquires flexibility 

from prosumers in order to deliver flexibility services to the FRPs.  

 

Figure 4. Aggregator as an intermediary between prosumers and Flexibility Requesting Parties 

(Source: Van der Veen et al. 2018) 

 

3.2.5 Supplier 

ñThe role of the supplier is to source, supply, and invoice energy to its customers. The supplier and its 

customers agree on commercial terms for the supply and procurement of energyò (USEF 2015). It is a 

specialisation of the trader role as it exchanges electricity with prosumers on the retail market  

(Klaassen and Van der Laan 2019). 

A key principle of the European liberalised energy market is the free choice of supplier, manifested in 

Article 4 of the EU Directive on common rules for the internal market for electricity (2019)3. This means, 

that all consumers and prosumers have the right to select their preferred electricity supplier. Also, the 

structure of offered tariffs and other conditions of delivery are not regulated and can be agreed between 

the contractual parties. 

                                                      

2 Directive (EU) 2018/2001 of the European Parliament and of the Council of 11 December 2018 on the promotion 

of the use of energy from renewable sources 

3 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 
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The supplier has to be part of a balance group with a BRP, the latter being responsible for balancing 

supply and demand of the energy sourced and sold by the supplier. Therefore, the BRP (contracted by 

the supplier) is responsible also for the imbalances arising from deviations between the supplierôs 

prognosis and the actual load profiles of the prosumers. 

Related terms: 

¶ Trader: A party that is selling or buying electricity (ENTSO-E 2019) with a view to profit (e-

Control 2013). USEF (Klaassen and Van der Laan 2019) refers to traders as buyers or sellers 

on the wholesale market. 

¶ Retailer: A trader selling electricity at the retail  market, therefore may be used as a synonym 

for supplier. 

¶ Utility : An ambiguous term referring to a company that engages in the generation, transmission, 

and distribution of electricity (Snavely King Majoros, s.a). In the US, it often refers to a grid 

operator (Direct Energy, s.a.) 

¶ Producer: A party connected to the grid that produces electricity (ENTSO-E 2019). Other than 

the supplier, the producer role is not a participant on the retail market, as it is not trading and 

invoicing electricity. 

Flexibility services: 

In terms of flexibility services, a supplier may assume the role of an aggregator or an ESCo and provide 

the respective services. 

As the balance responsibility of the supplier is transferred to a BRP, the flexibility needs for balancing 

the balance group apply to the BRP. 

Energy supply services: 

Energy supply with electricity sourced from centralised power plants is the traditional core business of 

suppliers. In the concept of a P2P-supplier, a traditional centralised supplier can facilitate P2P trading 

among prosumers via a dedicated platform. By providing this P2P supply service, the roles of the 

supplier and the BRP remain with the traditional supplier running the platform (Klaassen and Van der 

Laan 2019). 

 

3.2.6 Balance Responsible Party (BRP) 

A BRP is responsible for actively balancing supply and demand for its portfolio of producers, suppliers, 

wholesale traders, aggregators, and prosumers, with the means granted by those actors. In principle, 

every party connected to the grid is responsible for their individual balance position and hence must 

ensure that the exact amount of energy consumed/produced is sourced/supplied in the electricity system 

(USEF 2015). 

In order to guarantee this, each party connected to the grid has to be a member of a balance group (BG). 

The BG tries to minimise its internal imbalances. For the remaining imbalances either flexibility can be 

purchased on the wholesale market or otherwise imbalance costs are incurred by the Imbalance 

Settlement Responsible (cf. also section 3.2.8). For distributing costs resulting from imbalances within 

the BG, there are individual agreements between BG members.  

The prosumerôs balance responsibility is generally transferred to the supplier, which is contracting a 

BRP. Therefore, the BRP holds the imbalance risk for each prosumer in its portfolio (USEF 2015). 

Related terms: 

¶ Balance group (BG): A group of parties connected to the grid with a balance responsibility. 

They reflect commercial flows in the energy systems and enable correct allocation of 

imbalance costs. The party representing the groupôs balance responsibility as a whole is the 

BRP (e-Control 2013; ENTSO-E 2019). 

¶ Balance group representative: An equivalent term for BRP (e-Control 2013). 
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¶ Balancing Service Provider (BSP): A party being able to provide balancing services to the 

connecting TSO (or LFC/CA operator) (ENTSO-E 2019, Glowacki 2020b). Each bid from a 

BSP is assigned to one or more BRPs. USEF (Klaassen and Van der Laan 2019) therefore 

considers a BSP as a specific type of BRP. Note that the BSP role is not distinguished in all 

EU member states. 

¶ Imbalance Settlement Responsible: ñA party that is responsible for settlement of the difference 

between the contracted quantities and the realized quantities of energy products for the BRPsò 

(ENTSO-E 2019). 

¶ Flexibility Requesting Party: A party interested in using flexibility for a specific service. USEF 

(Klaassen and Van der Laan 2019) defines the TSO, DSO and BRP as FRPs. 

Flexibility services: 

Figure 5 shows the flexibility services for BRPs. They are mostly related to portfolio optimisation at the 

supply side and aim at reducing sourcing costs. Portfolio optimisation can include optimized 

procurement of electricity on the wholesale market (day-ahead or intraday optimisation), generation 

optimisation (optimising the behaviour of central power plants), self-balancing (reduction of imbalances 

within a balance group) and passive balancing (BRP receives remuneration from the TSO for deviating 

from its schedule). The latter is only applicable in some markets (refer to USEF 2015 for more details). 

 

Figure 5. Flexibility services requested by BRPs (Source: USEF 2015) 

 

3.2.7 Distribution System Operator (DSO) 

In the EU Directive on common rules for the internal market for electricity4, a DSO is defined as ña 

natural or legal person who is responsible for operating, ensuring the maintenance of and, if necessary, 

developing the distribution system in a given area and, where applicable, its interconnections with other 

systems, and for ensuring the long-term ability of the system to meet reasonable demands for the 

distribution of electricityò. 

From the viewpoint of the Council of European Energy Regulators (CEER), DSOs must act as neutral 

market facilitators and in the public interest when it comes to new services in the field of demand side 

flexibility . It is important to minimise the risk of DSOs making use of their natural monopoly position. 

Therefore, DSOs should not be allowed to be active in areas that can be opened to competition among 

market participants. DSOs should be involved mainly by procuring flexibility resources in order to 

perform congestion management and voltage control. From CEERôs perspective, DSOs generally should 

make use of local flexibility resources at distribution system level, but this may require intermediaries 

such as aggregators (CEER 2019). 

 

 

In terms of demand-side flexibility, USEF defines the DSO activities as follows (Klaassen and Van der 

Laan 2019): 

                                                      

4 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 
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1) check whether demand-side flexibility activation within its network can be safely executed 

without grid congestion and  

2) purchase flexibility from the aggregators to execute its system operations tasks 

Related terms: 

¶ Meter data company: The Meter Data Company is responsible for collecting and validating 

meter data. It plays a role in the flexibility settlement process and the wholesale settlement 

process. In many countries, this role is assumed by the DSO (Klaassen and Van der Laan 

2019). 

¶ Flexibility Requesting Party: A party interested in using flexibility for a specific service. USEF 

(Klaassen and Van der Laan 2019) distinguishes the TSO, DSO and BRP as FRPs. 

Flexibility services: 

Figure 6 shows the flexibility services requested by the DSO. For a detailed discussion on all services, 

please refer to USEF (2015). Following two services are mostly discussed in relation to demand side 

flexibility:  

¶ Voltage Control: Voltage problems occur i.e. due to high penetration of fluctuating PV 

generation units. If PV production is high due to sunny weather conditions, voltage limits in 

specific points of the distribution grid may be exceeded. 

¶ Congestion Management (CM): Congestions arise from high loads (in terms of power) that 

need to be transported by the grid. Distribution grids are mostly not designed for highly 

fluctuating loads caused by DERs (EVs, heat pumps, PV etc.).  

 

 

Figure 6. Flexibility services requested by DSOs (Source: USEF 2015) 

 

3.2.8 Transmission System Operator (TSO) 

The role of the TSO is to transport electricity from centralised producers to distributed industrial 

prosumers and DSOs using its high-voltage grid. The TSO is responsible for the long-term ability of the 

high-voltage grid to meet electricity transmission demands. Also, the TSO is keeping the system in 

balance by deploying regulating capacity, reserve capacity, and incidental emergency capacity. The TSO 

can purchase flexibility indirectly via the BRP/BSP from aggregators active within its area (USEF 

2015). 

Related terms: 

¶ Flexibility Requesting Party: A party interested in using flexibility for a specific service. USEF 

(Klaassen and Van der Laan 2019) defines the TSO, DSO and BRP as FRPs. 

 

 

¶ Control Area (CA) operator, Load Frequency Control (LFC) operator: The party responsible 

for maintaining load frequency within a defined range. The latest version of the Harmonised 

Electricity Market Role Model (ENTSO-E 2019) describes this role as a Load Frequency 
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Control (LFC) operator, whereas previous versions mention this role as Control Area (CA) 

operator (ENTSO-E 2018). Typically, this role is performed by a TSO (ENTSO-E 2019). 

¶ Imbalance Settlement Responsible: A party that is responsible for settlement of the difference 

between the contracted quantities and the realized quantities of energy products for the BRPs 

(ENTSO-E 2019). This role can also be defined as a Clearing and Settlement Agent (CSA) or 

balance group coordinator which is an entity with an official license for organizing, clearing 

and settling the process of electricity balancing5 (e-Control 2013). 

Flexibility services: 

As shown in Figure 7, the following flexibility services are requested by the TSO (or the LFC/CA 

operator) (Van der Veen et al. 2018 and USEF 2015): 

¶ Primary Control  (Frequency Containment Reserve FCR): FCR aims to contain any system 

frequency deviation to within a pre-defined range after an incident. Typically, activation time 

in (milli)seconds is required. 

¶ Secondary Control (Automatic Frequency Restoration Reserve aFRR): aFRR aims to restore 

system frequency and is defined as a reserve which can be activated by an automatic control 

device. 

¶ Tertiary Control  (Manual Frequency Restoration Reserve mFRR): Although the objectives of 

mFRR and aFRR are the same, the requirements for the two services are different. mFRR 

generally has a longer duration and larger ramp rate, with fewer measurement and prediction 

updates required. 

¶ Replacement Reserve RR: RR replaces the activated reserves to restore the available reserves 

in the system or for economic optimization. In general, RR has longer duration and slower 

ramp rate compared to mFRR. 

¶ Congestion Management (section 3.3.2.1.4) 

¶ Voltage control (section 3.3.2.1.2) 

¶ System restoration/Black start capability (section 3.3.2.1.3) 

¶ Capacity mechanisms (section 3.3.3.1, 3.3.3.2) 

¶ Strategic reserve (section 3.3.3.3) 

 

Figure 7. Flexibility services requested by a TSO (Source: USEF 2015) 

 

                                                      

5 For a definition of electricity balancing see section 3.3.2.1.1 
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3.2.9 Market operator (MO) 

A MO is defined as ña party that provides a service whereby the offers to sell electricity are matched 

with bids to buy electricityò (ENTSO-E 2019).  

MOs are required for operating market platforms of organised markets, such as the balancing market or 

the European Energy Exchange (Spot and Forward Market). Trading outside of organised markets (Over 

the Counter ï OTC) does not require a MO. 

 

3.2.10 National Regulatory Authority (NRA) 

The NRA of each member state plays an important role for the development of electricity markets. It is 

responsible for the definition and further development of the market rules that define the tariffs for the 

grid. The latter is especially relevant, as grid tariffs may represent enablers or barriers for the activation 

of demand side flexibility, depending on their design. Moreover, grid tariffs have the potential to 

establish implicit markets for flexibility via dynamic price signals. 

 

3.3 Markets and Products 

In this section, existing as well as potential markets where flexibility could be traded are analysed. The 

flexibility services introduced above are mapped to each market. If applicable, also the types of 

flexibility products traded on these markets are specified. 

 

3.3.1 Wholesale 

Wholesale electricity markets are markets where electricity is traded before being delivered to 

consumers. Increasingly, they are being opened also for the participation of consumers and prosumers. 

In practice this means, that on the wholesale market producers, larger prosumers (e.g. energy intensive 

industry), suppliers, aggregators and other traders can trade electricity.  

This can happen either on the European Energy Exchange (EEX) or over the counter (OTC). The EEX 

is a standardised and organised market and is divided into  

¶ the forward or futures market (where participants can settle a price to be paid later in time, e.g. 

six months)  

¶ and the spot market (Day-ahead and Intraday).  

OTC trading may be performed via an intermediary/broker, or through direct bilateral trading without 

an intermediary (CRE 2019). 

Flexibility is traded on the wholesale market among BRPs. As described in section 3.2.6, all market 

participants have to be members of a BG, represented by a BRP. This means, the balance responsibility 

of each market participant mentioned above is transferred to a BRP role. Therefore, the market 

participants can offer or procure flexibility according to their needs on the wholesale market via their 

BRPs. 

Prices on the wholesale market take into account flexibility needs from the perspective of power 

generation (e.g. due to fluctuating renewable energy sources). However, the wholesale market does not 

consider the status of the grid, but trades may affect physical grid operation (e.g. by causing 

congestions).  

Flexibility p roducts: 

On the wholesale market actual dispatched loads are traded. According to the product definition in 

section 3.1, this corresponds to unconditional (SRP) products (energy-only market). Flexibility can be 

traded in terms of positive energy (supply of energy/reduction of consumption) or negative energy 

(consumption of energy/reduction of supply).  
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Flexibility services: 

The flexibility services traded on the wholesale market are related to the BRPôs needs and therefore 

mainly include portfolio optimization. 

 

3.3.2 Ancillary Services and Congestion Management Services 

This section describes markets for the procurement of services that are necessary in order to properly 

and securely operate transmission or distribution grids. 

Ancillary services (AS) have been initially defined in article 2(17) of the Directive on common rules 

for the internal market for electricity (2009)6 as services ñnecessary for the operation of a transmission 

or distribution systemò. In line with this broad definition, dena (Agricola et al. 2014) summarises 

following four main categories of AS: 

¶ Frequency control 

¶ Voltage control 

¶ System restoration (after grid fault) 

¶ System control (e.g. congestion management) 

However, with the recast of the aforementioned directive, the EU Directive on common rules for the 

internal market in electricity (2019)7, excludes congestion management (CM) from the definition of 

AS, highlighting that ñancillary service means a service necessary for the operation of a transmission or 

distribution system, including balancing and non-frequency ancillary services, but not including 

congestion managementò. According to this definition frequency AS include frequency control services, 

whereas non-frequency AS include voltage control and black-start capability (system restoration) among 

others. Since this is a rather recent change in the definition, services for CM are also often mentioned as 

part of AS (Glowacki 2020a). 

USEF (Van der Veen et al. 2018) distinguishes between balancing services (frequency control) and 

constraint management services (voltage control, congestion management etc.) but mentions that the 

term ancillary services can be used for referring to both. Another term often used for summarising all 

these services necessary for grid operation is ósystem servicesô (e.g. Elia 2020). 

In the following sections different markets are described, where AS or CM services are traded. At first 

markets for procuring these services on TSO level are described, followed by those on DSO level. 

 

3.3.2.1 TSO Level 

Markets for AS and CM at TSO level are currently mostly operated by the TSO itself (or the LFC/CA 

operator). Developing such markets with a third-party independent market operator (MO)  has been 

recently tested in some trials (Schittekatte and Meeus 2020). 

3.3.2.1.1 Balancing Market 

According to an EU Commission Regulation8 óelectricity balancingô means ñall actions and processes, 

through which TSOs ensure, the maintenance of system frequency within a predefined stability range.ò 

Therefore, the balancing market is the final platform, through which the TSOs settle any deviations 

between demand and supply remaining after the closure of intraday wholesale markets and after the 

determination of the final schedules (Glowacki 2020c). 

                                                      

6 Directive 2009/72/EC of the European Parliament and of the Council of 13 July 2009 concerning common rules 

for the internal market in electricity 

7 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 

8 Commission Regulation (EU) 2017/2195 of 23 November 2017 establishing a guideline on electricity balancing 
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In other words, on the balancing market so-called ñcontrol energyò is procured by the TSO or the 

responsible LFC or CA operator. Consequently, control energy describes the total need for flexibility 

products and comprises the net imbalance among all balance groups (e-Control 2013). 

There may be different approaches on how to distribute the costs arising from the different flexibility 

services such as FCR, aFRR and mFRR (see below). In Austria, for instance, the costs for tertiary control 

(mFRR) are billed to the BRPs according to their individual imbalance, as imbalance costs. In order to 

minimise their imbalance costs, BRPs may procure flexibility by trading on the wholesale market. Costs 

for primary control (FCR), in contrast, are charged to large producers and for secondary control (aFRR) 

an intermediate approach is applied (e-Control 2013). 

A party offering flexibility on the balancing market can be referred to as a BSP. Each bid from a BSP 

is assigned to one or more BRPs (Glowacki 2020b). 

Related terms: 

¶ Control Energy Market: the balancing market is sometimes also called Control Energy Market, 

as the flexibility procured there is also called control energy. 

¶ Trading of imbalances/balancing energy: Note that BRPs trading flexibility for minimising their 

imbalance costs (this is sometimes called trading of balancing energy) comprises transactions 

on the wholesale market, not at the balancing market in this sense. 

Flexibility services:  

On the balancing market, following flexibility services are procured (Van der Veen et al. 2018 and USEF 

2015): 

¶ Primary Control ( Frequency Containment Reserve FCR): FCR aims to contain any system 

frequency deviation to within a pre-defined range after an incident. Typically, activation time 

in (milli)seconds is required. Remuneration between the TSO (or LFC/CA operator) and the 

BSP is based on availability, and optionally on the activated energy. 

¶ Secondary Control (Automatic Frequency Restoration Reserve aFRR): aFRR aims to 

restore system frequency and is defined as a reserve which can be activated by an automatic 

control device. Remuneration is mostly by means of a combination of availability and energy. 

¶ Tertiary Control ( Manual Frequency Restoration Reserve mFRR): Although the objectives 

of mFRR and aFRR are the same, the requirements for the two services are different. mFRR 

generally has a longer duration and larger ramp rate, with fewer measurement and prediction 

updates required. Only energy remuneration or a combination of energy and availability 

remuneration are common. 

¶ Replacement Reserve RR: RR replaces the activated reserves to restore the available reserves 

in the system or for economic optimization. In general, RR has longer duration and slower ramp 

rate compared to mFRR. Remuneration can be energy-based or a combination of energy and 

availability remuneration. 

Flexibility products:  

From an analytical perspective, two different balancing market mechanisms apply (Glowacki 2020c): 

¶ Balancing capacity market: The BSP agrees to keep available a specific capacity and to submit 

corresponding flexibility bids to the TSO (or LFC/CA operator). 

¶ Balancing energy market: The TSO (or LFC/CA operator) activates these contracts concluded 

in the balancing capacity market, if required. 

Therefore, as described above for each service, the flexibility products traded on the balancing market 

are unconditional (SRP - energy based) or conditional (CRP/CRP-2 ï energy and availability based). 
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3.3.2.1.2 Voltage Control 

The flexibility service of voltage control in the transmission grid is mainly realised by controlling larger 

power plants by means of reactive power supply. The reactive power demand of a grid section must be 

supplied by local points of feed-in. To find a balance between demand for reactive power and reactive 

power generation, TSOs dispose of the following measures (non-exhaustive list) on the transmission 

grid level in addition to the utilisation of active, conventional power plants (Agricola et al. 2014): 

¶ Installation of additional reactive power compensators (inductors, capacitor banks, static VAR 

compensators, STATCOM) 

¶ Voltage-related redispatch (use of power plants not used due to market-related circumstances 

with the technically lowest possible active power feed-in) 

¶ Transformer tapping 

¶ Changes to the grid topology (e.g., line shutdowns) 

¶ Load shedding as an emergency measure 

As voltage control here has to be provided at TSO level it is not a domain for participation of DERs. 

Therefore, USEF does not include voltage control as a flexibility service for TSOs (Van der Veen et 

al. 2018, USEF 2015).  

 

3.3.2.1.3 System Restoration/Black Start Capability 

In the event of larger-scale failures, the TSOs are responsible for controlling the system restoration 

(Agricola et al. 2014). Black start is the procedure to recover from a shutdown of the transmission system 

which has caused extensive loss of supplies. Black start capability as a flexibility service is procured 

by the TSO from producers that can start main blocks of generation from an on-site auxiliary generator, 

without reliance on external electricity supply. Black-start capability is typically procured during the 

construction phase of a power plant or when a plant is being refurbished. It is a long-term procurement 

as it is a technical requirement that only specific electricity production technologies can provide 

(National Grid 2012). 

Power plant types that are suitable for a black start are, for example, hydroelectric power plants or gas 

power plants. Large scale electricity storage facilities are also potential providers of black start capability 

(Next Kraftwerke 2020). 

3.3.2.1.4 Congestion Management 

Congestion management (CM) means avoiding the overload of system components by reducing peak 

loads. CM is a highly-regulated mechanism, that is currently only applied on TSO level in the most 

European member states. For CM there are control-based mechanisms (e.g. direct access of TSO to 

prosumers loads for load curtailment) but also market-oriented approaches where aggregators may 

participate (Van der Veen et al. 2018). 

The most common approach for solving critical congestions in the TSO domain is óredispatchingô. This 

means a measure for changing the physical flows in the electricity system in order to relieve a physical 

congestion, as defined in the Regulation (EU) 2019/943 on the internal market for electricity (2019)9. 

Redispatch is a flexibility service that is mainly applied in regions with a high proportion of fluctuating 

renewable energy sources. For redispatching, a TSO requests from specific producers (or consumers) 

to start or increase the production (or decrease the load), while other specific producers (or consumers) 

are requested to stop or reduce the production (or to increase the load). Therefore, the redispatch does 

not change the amount of electricity fed into/taken from the grid, but its locality (Next Kraftwerke 2020).  

 

                                                      

9 Regulation (EU) 2019/943 of the European Parliament and of the Council of 5 June 2019 on the internal market 

for electricity 
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3.3.2.2 DSO Level 

On DSO level AS/CM services are required for local voltage control and local congestion management. 

Currently, there are no market-based mechanisms in place for solving these local constraint violations.  

Constraints on DSO level are currently solved both in a preventive and a corrective manner. On the one 

hand, distribution systems have been oversized in order to sustain situations of high loads (preventive). 

On the other hand, when a constraint violation is detected, tap changers are used for adapting the tap 

configuration at the transformer stations (corrective). According to Jin, Wu and Jia (2020) this can be 

referred to as grid side flexibilities. 

Market-based approaches for solving local constraint violations are currently under discussion in the 

scientific community (for a detailed discussion on these approaches see chapter 6.1.2). However, it needs 

to be highlighted that these are highly innovative concepts, currently not applied in large scale in the 

EU. 

Flexibility services:  

The flexibility services that could be procured in a market-based manner at DSO level are voltage control 

and congestion management, as described in chapter 3.2.7. 

 

3.3.3 Adequacy Services 

The aim of adequacy services is to increase security of supply in the long term by arranging contracts 

for the provision of sufficient generation capacity (Van der Veen et al. 2018). In the EU member states 

there are different adequacy mechanisms with different services procured through more or less market-

based procedures (Figure 8).  

For adequacy services, flexibility products  are conditional (CRP/CRP-2 ï energy and availability 

based). 

The flexibility services are described in the following sub-sections. 

 

Figure 8. Adequacy services in EU member states (Source: Pugl-Pichler et al. 2020) 

 

Targeted Capacity payments 

Strategic reserve 

Centralised Capacity Market 

Decentralised Capacity Market 
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3.3.3.1 Capacity Markets 

In capacity markets, generation capacity is secured against long-term demand. Here, the generation 

capacity is procured market-based, ensuring that assets are built/operated providing this service at lowest 

cost (Van der Veen et al. 2018). 

Capacity markets can be designed either in a centralised or a decentralised way. In centralised capacity 

markets (e.g. UK) the capacity is procured by the TSO. The TSO estimates the required capacity and 

contracts all generation assets according to the market clearing at the capacity market. In decentralised 

capacity markets (e.g. France), the BRP/supplier has the capacity obligation and is therefore 

responsible for procuring the capacity at the capacity market (Van der Veen et al. 2018). 

3.3.3.2 Capacity Payments 

In (targeted) capacity payment schemes, the capacity providers receive direct payments from the TSO. 

The difference between capacity markets and payments is that payments strive for liquidity on the supply 

side and have less focus on clearing supply capacity towards expected demand, as the markets do (Van 

der Veen et al. 2018). 

3.3.3.3 Strategic Reserve 

The strategic reserve is also procured by the TSO. The difference between strategic reserves and 

capacity markets or payments is that strategic reserves are dedicated for activation by the TSO. The 

reserved resources are generally kept out of the electricity market until the TSO provides the signal. In 

contrast, when applying capacity markets/payments, assets are in operation and can make also bids on 

the wholesale market. 

3.3.4 Retail 

Electricity is supplied to consumers and prosumers through the retail market. As mentioned above 

(section 3.2.5), prosumers can choose their supplier freely, creating a competitive retail market with 

prosumers and suppliers participating. In addition to that, the DSO is obliged to guarantee grid 

connection and in return is remunerated by a regulated grid fee determined by the NRA.  

The electricity price a prosumer has to pay consists of three components:  

¶ supply price (incurred by the supplier), 

¶ network charges (incurred by the DSO; includes fee for using the transmission and distribution 

grid) 

¶ and taxes and surcharges 

Other than the markets described so far, the retail electricity market can be referred to as an implicit 

flexibility market. This applies, when consumers and prosumers are subject to dynamic pricing offers. 

In this way, flexibility can be traded implicitly through the retail market, if  consumers try to minimise 

costs through optimally adapting their load profile according to the price. This can be referred to as 

implicit DR. 

The dynamic element of the electricity price may apply to the supply price, the network charges or both. 

According to Art. 2(15) of the EU Directive on common rules for the internal market in electricity 

(2019)10, a dynamic supply contract means a ñcontract between a supplier and a consumer that reflects 

the price variation in the spot markets, including in the day-ahead and intraday marketsò. Due to 

regulatory steps related to Art. 11 of the aforementioned Directive (ñEntitlement to a dynamic electricity 

price contractò), it is expected that the market for dynamic supply tariffs will grow significantly in the 

coming years. 

 

                                                      

10 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 



 

H2020 Grant Agreement Number: 864319 

Document ID: WP4 / D4.3   

 

    Page 36 

More broadly, Cooke (2011) differentiates between following supply pricing arrangements featuring a 

dynamic element: 

¶ Time-of-use (ToU) pricing  refers to a flexible pricing structure incorporating different unit 

prices for usage during different time periods within a day. ToU rates reflect the average cost 

of generating and delivering power during those time periods.  

¶ Real-time-pricing (RTP)  refers to pricing based on real-time movements in electricity prices 

based on trade in spot markets, balancing markets or other exchanges. It links hourly or half-

hourly prices to corresponding changes in real-time or day-ahead power costs. In this case, 

customers need to be informed about expected RTP prices on a day-ahead or hour-ahead basis 

to elicit load response.  

¶ Critical peak pricing (CPP) is a hybrid combining traditional time of use rates and real time 

pricing design. The basic rate structure is time of use. However, provision is made for 

replacing the normal peak price with a much higher pre-determined critical peak pricing event 

price under specified conditions. 

Generally, dynamic pricing is more frequently applied in the supply of energy than in network charges 

(Glowacki 2020d). However, novel grid tariff schemes with a variable element in terms of time, location 

or peak load may have an impact on creating flexibility for the distribution grid and the DSO. 

A market mechanism increasingly gaining attention for its potential to integrate in the retail electricity 

market is peer-to-peer (P2P) trade. This can be achieved either directly between prosumers or 

indirectly via an intermediate broker (Chen et al. 2018). According to article 2(18) of the EU Renewable 

Energy Directive (2018)11 peer-to-peer trading (of renewable energy) means the sale of renewable 

energy between market participants by means of a contract with pre-determined conditions governing 

the automated execution and settlement of the transaction, either directly between market participants 

or indirectly through a certified third-party market participant, such as an aggregator.  

For facilitating the administrative exchange of energy between prosumers in a Citizen Energy 

Community, USEF (Klaassen and Van der Laan 2019) points out that the community (or the operator 

of the P2P trading platform) needs to assume the role of a supplier and also has to take on its balance 

responsibility in the role of a BRP (which can also be transferred to an existing BRP). 

However, there are also traditional centralised suppliers offering P2P services, meaning that the 

supplier facilitates and handles this energy exchange via a platform. In this way the supplier and BRP 

roles remain with the traditional supplier (Klaassen and Van der Laan 2019). 

Direct P2P trade without an intermediary supplier role generally also seems to be allowed by European 

energy law, as the EU Directive on common rules for the internal market for electricity (2019)12 is 

formulated rather broadly but without any regulatory frame specifically for direct P2P trade. Therefore, 

there are many practical barriers for its implementation (Van Soest 2019). 

Finally, P2P trade may also be facilitated by an ESCo role running a shadow administration, which is 

separate from the administration of a supplier/BRP and therefore has no official role in the organisation 

of the electricity system. This means that this P2P trading platform has the aim to stimulate the physical 

(real-time) use of local generation within the community itself. The shadow administration can be 

combined with the introduction of a (crypto) currency based on the blockchain technology (Klaassen 

and Van der Laan 2019). However, Rocha, Villar and Bessa (2019) argue that such an unofficial P2P 

trading scheme is not economically feasible under the current regulation as the benefits for the peers are 

jeopardised by feed-in tariffs. 

 

                                                      

11 Directive (EU) 2018/2001 of the European Parliament and of the Council of 11 December 2018 on the promotion 

of the use of energy from renewable sources 

12 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 
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Flexibility services: 

The flexibility services obtained from the retail market include BRP-related services as outlined in 

section 3.2.6 (in case of dynamic supply pricing), or DSO-related services as mentioned in section 3.2.7 

(in case of novel grid tariffs). 

 

3.4 Demand Side Flexibility Coordination M echanisms 

3.4.1 Market Design Options for Demand Side Response Integration 

From the perspective of market designs solutions to integrate Demand Side Response (DSR) into the 

energy system, ENTSO-E (2015) proposes different arrangements, which are described in this chapter 

(Figure 9). These market models can be classified initially by whether the DSR is integrated or 

dissociated from the supply contract. If there is a separation, then it can be further organised in whether 

there is an agreement between the DSR aggregator and the supplier. 

 

Figure 9. Energy market perspectives with DSR integration (Source: ENTSO-E 2015) 

In the DSR-Supplier integration model, the energy supply contract between suppliers and consumers 

would include flexibility clauses. This market design allows the supplier to expand its range of services, 

while consumers may profit from reduced prices when compared to traditional contracts. Two solutions 

can be applied to this arrangement, one taking into account a price signal to the consumer and another 

using load orders directly from the supplier. 

 

¶ Variable Supply Price Model: The central aspect of this model is the price variability paid 

by the consumer. A contract between the supplier and consumer is set to estipulate the variation 

on the energy supply price. The energy supplier will send to the consumer signals of price 

changes, and then the consumer may choose to reduce its energy consumption. The 

consumerôs response to the changes of energy price is used by the supplier to anticipate 

consumer behaviour, which can be used by the BRP source to balance the demand: This market 

model represents the majority of DSR markets implemented in Europe. 

 

¶ Supplier Load Control Model: In this case, flexibility clauses in the supplier contract allow 

the supplier to control the load under particular circumstances. The consumer should reduce 

its load to a stipulated range as requested by the supplier. This arrangement can be used by 

the BRP source to participate in balancing markets, for self-compensation or even to profit in 

high prices situations. This market design usually aims medium consumers, such as industries. 

 

In the context of market models, the integrated approach is the simplest way to implement DSR, 

since there are fewer stakeholders involved in the process. Nevertheless, it restricts the action of other 

players independent from the supplier, such as aggregators. This can reduce market flexibility and 

decrease DSR potential and attractiveness in some markets. 
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On the other side, there are market designs where DSR is dissociated from the supplier. In such cases, 

independent aggregators may participate different relations to supplier and consumers. As a result of the 

absence of a two-way contract, some significant concerns may arise, such as: 

 

1. The fair compensation between independent aggregator and BRPsource 
13

 for transferring energy. 

2. The so-called ñBRPsource imbalance riskò. With the DSR activation, the BRPsource might deviate 

from its forecasted schedule, which creates imbalance risks. Therefore, there must be some 

compensation to the BRPsource for the imbalances caused by the aggregator. 

3. Detailed information about DSR events and occurrences should be provided to the BRP and 

suppliers due to balancing and forecasting causes. 

4. There is a need for confidentiality between the parties, as suppliers can benefit from free 

information provided by aggregator about DSR activation of consumers. Therefore, to ensure 

competition in DSR markets there must be a balance between the confidentiality and the 

necessary information to the supplier. 

 

In this framework, there may be a bilateral agreement between aggregator and supplier/BRPsource about 

the application of DSR, as detailed below: 

 

¶ Bilateral Agreement Model: In this market model, the independent aggregator and the 

BRPsource or the supplier have a bilateral agreement to settle critical aspects from the 

separation of DSR from energy supply (Figure 10). The two-way contract covers the energy 

transfer between the BRPsource and the independent aggregator when activating DSR. A settled 

price will then be paid by the aggregator to the BRPsource for the energy sold in balancing or 

wholesale markets. This arrangement configures a shift of the balancing responsibility from 

the BRPsource to the aggregator. In this configuration, all parts must be in accordance with such 

a contract, otherwise competition issues and even distrust over the flexibility may happen. The 

formulation of standard contracts templates can encourage the closure of bilateral 

agreements and help with regulatory and monopoly control.  

 

 

Figure 10. Bilateral Agreement Model (Source: ENTSO-E 2015) 

Market designs without a bilateral agreement are dealing in a different way with the energy transfers 

and compensations between its players, providing a certain independency to the aggregator from the 

suppliers. The BRPsource imbalancing risk can be address by neutralizing the activated energy, which 

means the BRP in association with the independent aggregator is in charge of the balancing between 

requested and sold energy from DSR activation. Also, the independent aggregators must inform the TSO 

of the planned DSR activations to avoid problems in grid balancing. Then the TSO provides the BRPsource 

with the requested flexibility activation to prevent counter-balancing actions. In this framework, the 

following two market designs can be considered. 

 

                                                      

13 BRPsource is the BRP to which the consumer providing the flexibility is associated to 
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¶ Supplier settlement for DSR Activations Model: In this market design, the consumer pays 

directly to the energy supplier for the energy sold by the independent aggregator when 

DSR is activated (Figure 11). Thus, the energy transfers remain between the supplier and 

consumer, at the supply cost stipulated in the contract. There must be financial compensation 

from the aggregator to the consumer for the energy sold during DSR activation. An 

agreement between both parties regulates the compensation transactions. A metering entity, for 

example the TSO or DSO, provides the supplier with the information about the consumed 

energy and the DSR application: This information may be provided without distinction between 

consumed energy and DSR activation, in a so-called single billing situation. There is some price 

complexity attached to this approach due to differences between consumed and sold energy 

taxations. On the other hand, there is the option of double billing, where the metering entity 

provides the separate values of consumed and DSR activation energy. Thus, the tariffs and 

taxation become simpler to calculate. 

 

 

Figure 11. Supplier settlement for DSR activations model (Source: ENTSO-E 2015) 

¶ Central Settlement for DSR Activations Model: For this configuration, a neutral central 

entity (that can be the DSO, TSO or a third party) carries out the settlement of the transfer 

of energy between supplier and independent aggregators (Figure 12). There must be a 

wholesale settlement price agreement between the parties. This price can be either the supply 

price set for activated consumers or a reference price approved by regulatory institutions. This 

market design is effective in assuring confidentiality for aggregators, but it can cause imbalances 

between the transfer price stipulated and the real supply price. 

 

Figure 12. Central settlement for DSR activations model (Source: ENTSO-E 2015) 

 














































































































































































































