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Executive Summary

The PARITY project aims to enable the sap and operation of local flexibility ankets 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 fdeed 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 kbeal market design but also on thategration of the

local market of PARITYwith the conventionalelectricity markets. Furthermoregaps are identified

in terms of market structure, but also in termsaiventionalcutting-edge technologies that enable the
implementation of such a local market. Finally, it is the goal of this report to derlist af
recommendations to be considered for the further work in the PARITY project. These
recommendations ariseth 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 maskebling technologies.

Market Structure

Firstly, existing Europeanmarket modelshave been reviewed, disentangling the main concepts and
creating a common understanding of it. Here, a thtep approach has been applied:

1) Therolesof market participants and stakeholders have been defined in detail based on the role
models from USEF and ENTSBE. For each role, theervicesoffered or requested have been
identified

2) Themarkets have been examined, where these players may particiratelso theroducts
traded have been highlighted

3) The most important mechanisms for utilising demand side flexibility as developed by USEF
and ENTSGE have been introduced.

In contrast to these wedistablished market models, tRARITY market designhas been developed.
Based onconventionaldiscussions in scientific literature, five marldgsignparameters have been
introduced and a PARITY approach for each parameter has been proposed. These parameters are:

1 Market participants

1 Instruments foproviding flexibility

1 Market operator(s)

1 Definition of the local scope of the market

1 Coordination between flexibility requesting parties

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

In PARITY, two novel markets are introducethe Local Electricity Market (LEM) and the Local
Flexibility Market (LFM). TheLEM 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 purppe t o acti vate f | exi bifitstioptipn, it aamr bet he D!
implemented as aaxplicit market with a dedicated market platform, that is operated by the Local
Flexibility Market Operator (LFMO), a regulated entity. On this platform aggoegatan offer

flexibility services to the DSO only.

As a second option, thé&=M can also bamplicitly 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 loadnd generatioprofile and their trades on the LEM accordingly and as a result avoid
grid constraint violatios.
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An in-depth discussion ahbthelocal scopeof the PARITY market framework has been performed
with market participants, especially DSOs. In the explicit L.Fdal tags are assigned to each flexibility
bid in order to enable the DSO to solve granhstraint violatios precisely whan procuringflexibility.

For the implicit LFM, this igackledby the locationally varying grid prices.

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

the LEM is active as well as participation of the prosunierancillary 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 paudeIn 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 PARITMarket structure, developed in this deliverable.
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Based on the assessmentohventionaklectricity market models and the definition of the PARITY
market design, atructural gap analysishas beerdelivered, comparing theonventionalelectricity
marketmodels with the proposed PARITY market model and highlighting potential conflicts of interest
between stakeholders. For identifying the structural gap, a SWOT anhbsibeenperformed,
examining the Strenghts and Weaknesses afdheentionaimodel and the Opportunities and Threats

of the PARITY market model. Thizas beemchieved with the help of actual market participants within

the project consortiunthe mainconflicts of interesthave beerreported between i) the DSO and the
Retailer (3. 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, firstlitexature re view on current cuttingedge solutions for
implementing a LFM and P2P tradindpas beercarried out. Then, an 4idepth review ofprevious
research and pilot projectshas beemperformed. Two main categories of projetéve beemnalysed:

1 Prototype andhighly innovative energy transactive frameworks, being deployed in a small or
medium geographical scale with main focus on P2P energy transactions.

1 Energytransactivdrameworks which are in a neeaommercial stageeferringmostly 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
WASIS
market
Nodes a a
EPEX Spot_Local Flexibility Market Platform a a
GOPACS a a
Piclo Flex a a
INTERFLEX a a a
DRIVE a a
CATALYST a a a
eDREAM a a
SmartNet a a
Brooklyn Microgrid a a
INVADE a

Based on these projectsiexhnological gapanalysishas beerdelivered.For this analysis, aet of
technological indicatorbas beenntroduced,which havebeen 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:

1 EV flexibility and smart chargig

9 Smart contract enabled transactions

1 Human centric demand flexibility profiling and control

1 Powerto-heat technologies for virtual thermal energy storage
9 Smart grid monitoring and management

Then the related previous projects have been analysed accdaditfiese indicatorsSerious
technological gaps have bederivedfor almost all the specified indicatofsor each identified gap, the
final and probably most important outcome of the technological gap analysis is to preniisetting
recommendationand 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 and operation of local flexibility markets tte
distribution network level. The tools that will be developed in the project include:

1 A smart contract enabled, blockchain based market platform which will facilitatg®eitto-
peer (P2P)energy transactions as well as sle#l/purchase of flexibility to smart grid actors.

1 Internet of things (IoT) enabledflexibility management tools for Distributed Energy
Resources (DER).

1 Smart grid monitoring and management toolsto enable the Distribution System Operator
(DSO) to optimally manage the low voltagstdbution network.

Facilitated by these toolsveell-functioninglocal 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 thigeld will be identified and the resultifgusiness modelsvill be formulated

and validated.

PARITY will demonstrate all its results in fodemonstration siteswith 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, Greec8puhernSweden, and Massagno, Switzerland.

1.1 Scope andObijectives of theDeliverable

The main purpose of this report isdizentangle the proposed market concept of PARITYand to
elaborate on the market design. Clarifying the market design is a crucial ptiecofat the further

work in the project. Therefore, at all stages of this,tdskas aimed at considering the intentions and
perspectives of all consortium partners. As a result, a common understanding of the PARITY market
framework was created.

Thisreport focusses not only on the development of the local market design, but alsotegtiation

of the local market of PARITYvith the conventional electricity markets. Furthermoregaps are
identified in terms of market structure, but also in termswfent cuttingedge technologies that enable
the implementation of such a local market

Finally, it is the goal of this report to derivdist of recommendationsto be considered for the further
work in the PARITY project. These recommendations arigh fsrom 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 mdudhagy followed in this taskGhapter2). Then, all
the information and data collected for the subsequent analyses are presented:

1 Chapter3 provides aeview ofconventionaEuropean electricity market models and creates a
commontypology and a commonnderstanding of the roles, interactions and mechanisms
established in these models.

1 In chapted an overview of current cuttingdge technologies, relevant for the implementation
of the PARITY market framework, is given.

1 Chapters presents detailethiformationof previous research and pilot projects, that deal with
the implementation of LFMs or P2P electricity trading.

Based on this foundatiofgllowing analyses are carried out:

1 After discussing themost important aspects and controversies of local flexibility/electricity
markets chapter6 establisheshe PARITY local market design

1 Chapter7.1shows the results of a gap analysigestigaing aspects of markestructure. 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.

1 In chapter7.2a 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 -ttepth analyses are finally concluded (chapdrand a list of
recommendationfor the further work in PARITY is derived (chaptéy.

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. Heremainly barriers on markegégulationand technolay 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 V#2builds 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 technicahplementation of the market platform stgifsgyurel).

T4.1

Analysis of obstacles to Innovation under
current & future regulatory & socio-
economic context for LFM proliferation

T4.3

Investigation of LFM market models
for TSO/DSO/Aggregator/Retailer
collaboration

T4.2 Ta.4

Design of next-generation
smart-contract-enabled
energy contracts

Definition of business
models for LFM actors

15.2
Design of PARITY Market Models & Flexibility
Monetization Schemes and update/configuration of
block-chain platform

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

The methodologic approach for thisliderable follows two parallel streams. The first atiscusses
market structureand the secondne addressavarketenabling technologies.

2.1 Market Structure

Firstly, the aimis to review existing Europeanmarket models disentangle the concepts and create a
common understanding of Kere following threestepapproachs applied:

1) Therolesof market participants and stakeholders are defined in detail based on the role models
from USEF and ENTS@&. For each role, theervicesoffered or requested aidentified

2) Themarkets are examined, where these players may participate, and als@thets traded
are highlighted

3) The most important mechanisms for utilising demand side flexibility as developed by USEF
and ENTSGE ae introduced.

In contrast to these wellstablished market models, tRARITY market designis developed. Based
on current discussions in scientific literature, five madesignparameters armtroduced andhe
PARITY approach for each parameter ispmeed. These parameters are:

1 Market participants

1 Instruments for providing flexibility

1 Market operator(s)

91 Definition of the local scope of the market

1 Coordination between flexibility requesting parties

Then, a structuragjap analysis is delivered, comparing tb@nventionaklectricity market models with

the proposed PARITY market model and highlighting potential conflicts of interest between
stakeholdersTo identify the structural gap, a SWOT analysis is performed, exagnthim Strenghts

and Weaknesses of tkenventionaimodel 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, firstlitexature review on current cuttingedge solutions for
implementing a LFM and P2P trading is carried out. Then, @®jth review oprevious research
and pilot projectsis performed. Two main categoriespybjects are analysed:

1 Prototype and highly innovative energy transactive frameworks, being deployed in a small or
medium geographical scale with main focus on P2P energy transactions.

1 Energytransactivdrameworks which are in a neeommercial stagegeferring mostly to local
flexibility markets - being implemented in a large scale in several EU countries.

Based on these projects, tachnological gap analysis is delivered. For this analysis, a set of
technological indicators is introduced, which havenbgerived from the basic technological objectives

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

1 EV flexibility and smart charging

1 Smart contract enabled transactions

1 Human centric demand flexiiiy profiling and control

1 Powerto-heat technologies for virtual thermal energy storage
9 Smart grid monitoring and management

Then the related previous projects are analysed according to these indiatoighlighting the gap
between the solutions deplkxy 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 tt@nventionaEuropean 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 hasaimarketmodel 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 USEFEMEBSOE. USEFis a nonprofit partnership

of different companies from the smart energy indusdtrgffers a comprehensive framework based on
their Flexibility Chain, specifically defined to foster the utilisation of demand side flexibUISEF

2015) ENTSOE, European Network of Transmission System Operators for Electricitgelvatoped

its Harmonised Electricity Market Role Model, providing an analytical and exhaustive description of
roles in the European electricity system (ENTE5Q019) Evaluatinghesewidely used models, a sound
integration of the PARITY concept into thenventionamarketstructure 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 requdsection3.2). Based on that, the markets are examined, where these players
may participate, and also the products traded are highlighted (s@@joRinally, the most prominent
mechanisms for utilising demand side flexibility as developed by USEF and ERTE® introduced
(section3.4).

3.1 Definitions: Flexibility, Products and Services

Electrical energycan bereferredto as a commodity that can tradedand used by endonsumers for
operating electric devices. In contragxibility is defined as the possibility of adjusting patterns of
generation and consumption in reaction to a sigmréde or activation signal) to contribute to different
services (EURELECTRIC 2014). From a technical perspective, flexibilitybeasea as a power
modification and iglescribed by following 5 attributé¥illar 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 aspaoduct, for examplewhen an aggregator sells flexibility to
arother market participant (perspective of flexibility source)or as aservice when themarket
participants bys flexibility from an aggregatorand utilises it(perspective of flexibility requesting
party) Even tlough there is a fine line between flexibility prodtiahd servicg, the main difference
between them stenfeom the fact that the same product can turn into different services depending on
the participant andhow it wants to utilisehlemoncethe flexibility has beerbougtt. In this sense,
flexibility productscan be traded on explicit markets, whereas services can be created from flexibility
in generalno matter if it was activated explicitly or implicit{yin et al.202Q Belhomme et al. 2009).

The demnition of flexibility servicesthereforedepends on the specific needs of the partiesquesting
them(such as TSO, DSO and BRPs), whergsdefinition offlexibility products depends on the
market where they can be traded.

When delivered aa product, there are three possibilitiegs shown iTablel. The product definition
depends on the market where the flexibility is traded. In this work, a rough differentiativacn
unconditional products andconditional products is applied for describing the flexibility markets in
chapter3.3.
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Table 1. Classification of flexibility products (Source: Jinet al. 202Q Belhomme et al. 2009)

Flexibility product Conditionality ~Typical example

Scheduled reprofiling Unconditional | The aggregator has the duty to provide a specified p

(SRP) (obligation) adjustment at a defined time for a defined duration
Conditional reprofiling| Conditional The aggregator must have the capacity to provig
(CRP) (real option) | specified power adjustment during a defined duraf
The delivery is called upon by the buyettloé flexibility
Bi-directional Conditional The aggregator must have the capacity to provig
conditional reprofiling| (real option) | specified power adjustment during a defined duratio
(CRR2) abitdi rectional range [TVYy,

upon by the buyer of the flexibility

Instead,the typeof flexibility servicedepends on the flexibility requesting party (FRP) utilising the
flexibility. The flexibility services are described for each market participant in chater

3.2 Roles andServices

In this section the roles of participants and stakeholders in the European electricity market framework
are analysed. Ehcsubsection 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 discusfsfarther concepts can be facilitated.
Finally, the services offered or requested by each role are analysed.

Note, that terms printed Ivold are discussed in a dedicated section, whereas terms priitetgare
briefly defined as related terms.

3.2.1Prosumer

The wordprosumeiris derived from the wordgsroducerandconsumerA prosumer can be regarded as
fianenduserthat no longer only consumes energy, but also produces éng&lwgre is no distinction
between residential, SME or industrial entitieseylare all referred to as prosum@usSEF 2015).

In the sense of ENTSE (2019)a prosumeis a party connected to the grid combining the roles of a
consumend aproducert For practical reasons, when referring to prosumers in getigiamay also
includepureconsumersvithout production unitsr vice versa smabcaleproducerswithout significant
consumption.

Prosumers are the parties who opeRittributed Energy Resources (DERS)In caseendusersand
building/facility ownersare not the same entity, conflicts of interest may arise (e.g. in terms of comfort
or energy efficiency).

Related terms

1 ConsumerA party that consumes electricitpnnected to the griENTSOE 2019).

1 Producer:A party that produceslectricityconnected to the griENTSGE 2019).

9 Building/facility owner Persoror entity possessing title to a buildifegility.

1 Enduser:Person or entity occupying a building/facility and consuming the final energy.

1 Facility manager Dedicated to ensure functiality, comfort, safety and efficiency of a
building/facility. This may be an external professional or internal staff of the organisation
occupying the building/facility.

9 Customer A person or an organisation that buys a product or sér¢icamebridge 20D).

This is not necessarily the same a®asumerbut depends on the product or service.
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Flexibility services:

On the one hand, a prosumer (or more specificalpERS) is a source of flexibilityThis demand side
flexibility or Distributed Generatiortan be bundled by aggregator, creating flexibilityserviceso
besold toaflexibility requesting party (FRP) (cf. sectior3.2.4.

On the other hanghrosumers @n receive a range of flexibility servicdsdure?2). These services are
provided by arEnergy Service Company ESCo) and enable energy optimization for the prosumer
behind the meterThe most relevant services are ThofeUse (ToU) optimization (load shifting from
high-price intervals to lowprice intervals), kWmax control (reduction of maximum load/peak shaving)
and selbalancing (e.g. maximising satbnsumption of @eneration unit)Another service could be
controlled islanding during grid outages increasing the availability of power supply for the prosumer in
such a situation.

. ‘ Reduce energy costs | ToU Optimization
m ‘Reduce grid connection ::ost5|
Reduce energy costs | Self Balancin
Prosumer ‘ i :
‘ Increase availability | Controlled Islanding

Figure 2. Flexibility servicesrequested byprosumers (Source:USEF 2015, adapted)

ESCo

3.2.2Distributed Energy ResourcedDER)

DERstypically includecontrollable loadsdistributed generatiomndenergy storagélin et al.2020.
Therefore, DER means the technical tindt isable to provide flexibility of any kinds a decentralised
source DERs can be operated by individual prosumers or as standalglities, such as community
battery storage or communighotovoltaic PV) plants.

Related terms:

1 Active Demand & Supply (ADSRepresents all types of systemd thither demand energy or
supply energy and which can be actively contrdlgdSEF 2015).

9 Distributed GenerationDistributed generation is an electric power source connected directly
to the distribution networkin front of the meterpr on thecustomeds site (behindthe meter
(Ackermann, Andersson and Sdder 2001).

1 Device commonly understood in this context as a technical unit consuming or producing
electrical energyThe 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.

3.2.3Energy Service Company (ESL

An ESQ offers energy related servicesgmsumers (Klaassen an®¥an der Laan 2019) or generally
to partes connected to the grid (ENTSED2019).However, it is crucial to note that, unlike the role of
anaggregator, the ESQ@ is not active (nor exposed) weholesale or balancing markets (Klaassen and
Van der Laan 2019). ENTSD (2019) notes, that E®S€ are not directly active in the energy value
chain or the physical infrastructure itself.

In the literaturethe 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 improvend&@s2016)Thererfore, service
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provides offering specificallyflexibility services behind the metean bealso referred to dslexibility

Service Compdas(FLESCo)Leutgtb et al. 209 However, in this report wasethe broad definition

of an ESCo from ENTSOE and USEFAccording to that ESCos may offeboth energy services as

well as flexibility services. Here, the difference between both needs to be highlighted. Energy services
arein generalthose which (potentially) affect the amount of energyscomed or produced by the
prosumer . Fl exibility services specifically foc!
energy profile (Klaassen anthn der Laan 2019).

Flexibility services:

As anESCo is a service provideit providesto theprosumer the flexibility serviceslisted above in
Figure2. Note, that these flexibility services enablprasumer to respond to price signals either from
the energysupplier or theDSO, as shown ifFigure3.

10
ToU tariff [ | I III \&<
di
<

Prosumer DSO

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 monitoamgadvisory services and many mofe.the
context of locacommunities, the ESCo role can afaoilitate peerto-peer (P2P) energy trade among
prosumersin the sense of running a shadow administration, which is sepfm@iethe administration

of a supplier/BRP and therefore has no official role in the orgarn@atof the electricity system
(Klaassen anian der Laan 2019)

3.2.4Aggregator

The role of thesggregator is to accumulate flexibility froprosumers and theirDERs and sell it to
Flexibility Requesting Partiegd-RPs) Theag gr egat or 6 s g theavllue bfshat flexibilitya x i mi
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 itprosumers agree on commercial terms and conditions for the procurement and
control of flexibility (USEF 2015).

Depending on the aggregator model applied, the aggregator neadsa® aBalance Responsible

Party (BRP). More specifically, his depends on the contractual arrangements iagheegatomodel

and how thesaffectthe balance responsibility of the different actors. &@etailed discussion on that

refer to thedJSEF Workstream on aggregator implementation maal@® Heer and/an der Laan
2017).However, for an aggregator providing flexibility services t6S0, this has to be routed via a

BRP (or aBSPwhich is assigned to one or m@&Ps), according to USEF (2015).

L cf. chapter3.3.4
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In addition to this core element, an aggregator may alsoresthe role as a facilitator for P2P trading
amongprosumers, as outlined in the EU Renewable Energy Directive (Z0E)r further details on
P2P trading refer to secti@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 traditgupglier.

Related terms:

1 Flexibility Service Provider (FSPMarket participanbffering services using flexible resources.
The FSPis ageneric role thatlelivers a flexibility service to the specifi€lexibility Requesting
Party. Therefore, an FSP can represeBRP or BSP An aggregator providing flexibility services
to anFRP cantherefore be referred to as BBP(USEF 2015)

1 Flexibility Requesting PartyA party interested in using flexibility for a specific service. USEF
(Klaassen an¥an der Laan 2019)efinesthe TSO, DSOandBRP asFRPs
Flexibility services:

As shown inFigure4, an aggregator is an intermediary betweenghesumer (with their DERs as
sources of flexibility) and thElexibility Requesting Parties (FRP§)his means, iacquires flexibility
from prosumersin order to deliver flexibility services to the FRPs.

Flex for
portfolio
optimization

e \%’)
flexipility flex Flex
— e —_ For constraint
Prosumer @ Aggregator @ ) management
@/ Flex to
maintain
750

balance

Figure 4. Aggregator as an intermediary between prosumers and Flexibility Requesting Parties
(Source: Van der Veen et al. 2018)

3.2.5Supplier

fiThe role of thesupplier is to source, supply, and invoice energy tautsomersThesupplier and its
customersagree on commercial terms for the supply and procurement of énel8F 2015)It isa
specialisation of thérader role as it exchangeslectricity with prosumers on theretail market
(Klaassen an¥an 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 méddkeglectricity (20193. This means,

that allconsumersindprosumershave the right to select their preferred electricity supplier. Also, the
structure of offered tariffs and other conditions of delivery are not regulated and can bebegynesh
thecortractualparties.

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

Page25



H2020Grant Agreement Number: 864319 ’ PARITY
Document ID: WP4/ D4.3

The supplier has to be part obalance groupvith a BRP, the latter beingesponsible for balancing

supply and demand of the energy sourced and sold by the supplier. TherefBRPtentracted by

the supplier) is responsible alsor fine imbalancesirising from deviations between tiseu pp |l i er 0 s
prognosis and the actual load profileghe prosumers

Related terms:

1 Trader: A party that is selling or buying electricity (ENTS92019) with a view to profit (e
Control 2013). USEF (Klaassen axdn der Laan 2019) refers to traders as buyers or sellers
on thewholesale market

1 Retailer: A trader sellingelectricityat theretail market, therefore may be used as a synonym
for supplier.

1 Utility: An ambiguous term referring to a company that engages in the generation, transmission,
and distribution oklectricity Snavely King Majoros, s.a). In the US, it often refers to a grid
opeitor (Direct Energy, s.a.)

9 Producer:A party connected to the grid that produces electricity (ENESID19). Other than
the supplier, the producer role is not a participanmt the retail markets it is not trading and
invoicing electricity.

Flexibility services:

In terms of flexibility services, a supplier may assume the role ajgregatoror anESCoand provide
the respective services.

As the balance responsibility of the supplier is transferredBi@R, the flexibility needgor balancing
thebalance group appto theBRP.

Energy supply services:

Energy supply with electricity sourced from centralised power plants is the traditional core business of
suppliersin the concept of a P28upplier, a traditional centralisstdipplier can facilitate P2P trading
amongprosumers via a dedicated platform. By providing this P2P supply service, the roles of the
supplier and theBRP remain with the traditionalupplier running the platform (Klaassen a¥@n der

Laan 2019).

3.2.6Balance Responslb Party BRP)

A BRP is responsible for actively balancing supply and derfarits portfolio of producers suppliers,
wholesaldraders aggregators andprosumers with the means granted by those actors. In principle,
every party connected to the grigiresponsible fotheir individual balance position and hence must
ensure that the exact amount of energy consipradliceds sourcetsuppliedin theelectricitysystem
(USEF 2015).

In order to guarantee this, each party connected to the grid haa teemeber of dalance group (BG)
TheBGtries to minimise its internal imbalances. For the remaining imbalances either flexibility can be
purchased on the wholesale market or otherwise imbalance costs are incurredlimpataace
Settlement Responsilflef. also sectior8.2.8. For distributing costsesulting from imbalances within

the BG, there are individual agreemeistweerBG members

Thep osumer 6s bal ance r esponsisogpllen whighisicentragtegraer al | vy
BRP. Therefore, the BRP holds the imbalance risk for peactumer in its portfolio (USEF 2015).

Related terms:
1 Balance group (BG)A group of parties connead to the grid with a balance responsibility.
They reflect commercial flows in the energy systems and enable correct allocation of
i mbal ance costs. The party representing the
BRP (eControl 2013; ENTSEE 2019).
1 Balance group representativAn equivalent term for BRRe-Control 2013).
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1 Balancing Service Provider (BSF partybeingable to provide balancing services to the
connecting TSO (or LFC/CA operator) (ENTSE2019,Glowacki 2020p. Each bid from a
BSP is assigned to one or more BRPSEF(Klaassen anan der Laan 2019herefore
considers a BSP as a specific type of BRP. Note that the BSP role is not distinguished in all
EU member states.

1 Imbalance Settlement Responsilike partythat is responsible for settlement of the difference
between the contracted quantities and the realized quantities of energy products for the BRPs
(ENTSOE 2019)

9 Flexibility Requesting PartyA party interested in using flexibility for a specific service. USEF
(Klaassen an¥an der Laan 2019)efinesthe TSO, DSOandBRP asFRPs

Flexibility services:

Figure5 shows the flexibility servicefor BRPs. They are mostly related to portfolio optimisation at the
supply side and aim at reducing sourcing co$tsrtfolio optimisation can includeoptimized
procurement of electricity on the wholesale market {@agador intraday optimisation), generation
optimisation (optimising the behaviour of central power plastdjbalancingreduction of imbalances
within a balance group) and passive balancBigR receives remuneration from the TSO for deviating
from its scledule). The latter is only applicable in somarkets(refer to USEF 2015 for more details).

Day-ahead Optimization

| Reduce soucing costs |
Intraday Optimization | Reduce sourcing costs |

Self- / Passive Balancing Reduce balancing costs

Prosumer

Generation Optimization Reduce sourcing costs

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

3.2.7Distribution System OperatoXSO)

In the EU Directive on common rules for the internal maf&etlectricity!, a DSO is defined a&

natural or legal person who is responsible for operating, ensuring the maintenance of and, if necessary,
developing the distribution system in a given aned, where applicable, its interconnections with other
systems, and for ensuring the letegm ability of the system to meet reasonable demands for the
distribution of electricity.

From the viewpoint of the Council of European Energy Regulators (CHEF)s must act as neutral

market facilitators and in the public inter@gten 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 shoulibt be allowed to be active in areas that can be epgém competition among

market participantsDSOs should be involved mainly by procuring flexibility resources in order to
perform congestion managemant voltagecontrol Fr om CEERO® s geaaraflygheutdt i v e,
make use of local flexibility resources at distribution system level, but this may reganmediaries

such asaggregator¢CEER 2019).

In terms of demandide flexibility, USEF defines the DS&xtivitiesas follows (Klaassen andan 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
internalmarket for electricity
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1) check whether demargide 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

Relatedterms:
1 Meter data companylhe Meter Data Company is responsibledoifectingand validating
meter data. It plays a role in the flexibility settlement process and the wholesale settlement
process. In many countries, this rolassumedby the DSQKlaassen an¥an der Laan
2019).
1 Flexibility Requesting PartyA party interested in using flexibility for a specific service. USEF
(Klaassen an¥an der Laan 2019) distinguishes &0, DSOandBRP asFRPs

Flexibility services:

Figure6 shows the flexibility services requested by the DB@.a detailed discussion on all services,
please refer to USEF (2013jollowing two servicesre mostly discussed in relationdemand side
flexibility:

1 Voltage Control: Voltage problems ecur 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 eeceeded.

1 Congestion Management (CM):Congestions arise from high loafls terms of power}hat
need to be transported by the grid. Distribution grids are mostly not designed for highly
fluctuating loads caused BERSs (EVs, heat pumps, PV etc.).

Delay grid reinforcement

Congestion Management
Awvoid grid reinforcement

Voltage control

Avoid grid reinforcement

[ ] d . Optimize Asset Use
Grid Capacity Management Reduce grid losses
Controlled Islanding Reduce frequency and
Prosumer duration of outage -
Redundancy (n-1) Support Reduce frequency and

duration of outage
Power Quality Support Avoid grid investments

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

3.2.8Transmission System Operatof $O)

The role of the TSO is to transpofteétricity from centralsed producersto distributedindustrial
prosumers an®SOsusingits highvoltage grid. The TS® responsible fathelong-term abilityof the
high-voltage gridto meet electricity transmission demanéiso, the TSOis keeping the system in
balance by deploying regulating capacity, reserve capacity, and incideatgksty capacity. The TSO
can purchase flexibility indirectly via tHBRP/BSPfrom aggregators active within its area(USEF
2015).

Related terms:

1 Flexibility Requesting PartyA party interested in using flexibility for a specific service. USEF
(Klaassen ad Van der Laan 201%)efinesthe TSO, DSOandBRP asFRPs

1 Control Area(CA) qoerator, Load FrequencyControl (LFC) operator: The party responsible
for maintaining load frequency within a defined range. The latest version of the Harmonised
Electricity Market Role Model (ENTS® 2019) describes this role as a Load Frequency
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Control (LFC) operator, whereas previous versions meritiamrole as Control AreéCA)
operator (ENTSGE 2018). Typically, this role is performed byf80O (ENTSOE 2019).
Imbalance SettlemeiiResponsibleA party that is responsible for settlement of the difference
between the contracted quantities and thézesh quantities of energy products for the BRPs
(ENTSOE 2019). This role can also be defined @&learing and Settlement Agei@$A or
balancegroup coordinatowhich isan entity with an official license for organizing, clearing
and settling th@rocess of electricity balancih@e-Control 2013).

Flexibility services:

As shown inFigure 7, the following flexibility services are requested by the TSO (or the LEEC/C
operator) (Van der Veen et al. 2018 and USEF 2015):

)l

1
1
1
1
1

Il : Maintain system stability and
Primary Control
Prosumer Aggregator, A reliability (fast reaction)

Primary Control (Frequency Containment Reserve FCR): FCR aims to contain any system
frequency deviation to within a paefined range after an incident. Typically, activation time

in (milli)seconds isequired.

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 mERRhough 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 Reserv&R: 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 (section3.3.2.1.4

Voltage control (section3.3.2.1.2

System restorationBlack start capability (section3.3.2.1.3

Capacity mechanismgqsection3.3.3.1 3.33.2)

Strategic reserve(section3.3.3.3

—(

Secondary Control Maintain sysFenfl_stabiIity
and reliability
. Maintain system stability
. ” Reduce requirement for peak
National Capacity Market generation capacity
) Delay grid reinforcements
Avoid grid reinforcements
F— TSO
. " Opfimize Asset Use
(Grid Capacity Management ‘ Reduce grid losses
. Reduce frequency and
e L) S duration of outage
Reduce frequency and
Redundancy (n-1) Support duration of outage

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

5 For a definition of electricity dlancing see sectid3.2.1.1
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3.2.9Market operator(MO)

A MO is defined agia party that provides a service whereby the offers to sell electricity are matched
with bids to buy electricity(ENTSOE 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 Counteri 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 elettuiigts. It is
responsible for the definition and further development of the marketthatdefine the tariffs for the

grid. The htter 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 implicitmarkets for flexibility via dynamic price signals.

3.3 Markets and Products

In this sectionexisting as well as potential markethere flexibility could be tradedre analysedlhe
flexibility services introduced above are mappedeteh market. If applidde, also the types of
flexibility products traded on these markets are specified.

3.3.1Wholesale

Wholesale electricity marketare markets wherelectricity is traded before being delivered to
consumersincreasinglytheyare beingopenedalso for the participation @onsumersindprosumers.

In practice this meanthat ;n the wholesale markptoducerslargerprosumers(e.g. energy intensive
industry), suppliers, aggregatorsand othetraderscan trade electricity.

This can happen ei¢h on the European Energy Exchange (EEX) or over the cd@i€). The EEX
is a standardised and organised market and is divided into

T the forward or futures market (where participants can settle a price to be paid later in time, e.g.
six months)
1 and thespot market (Daxahead 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 am@®Ps As describedn section3.2.6 all market
participants have to be members &@, represented byBRP. This means, the balance responsibility
of each market participant mentioned abovdr@sferred toa BRP role. Therefore, themarket
participants can offer or procure flexibility according to their needs owltludesalemarket 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 miaet actual dispatched loads are traded. According to the product definition
section3.1, thiscorrespond$o unconditional (SRP) products (energgnly market). Féxibility 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 thveholesalemarket are related to ¢l BRP6 seeds and therefore
mainly include portfolio optimization.

3.3.2Ancillary Services andCongestiorManagement Services

This section describes markets for the procurement of services that are necessary in order to properly
and securely operateansmission or distribution grids.

Ancillary services (AS) have been initially defined in article 2(17) of the Directive on common rules
for the internal markefbr electricity (2009f asservicesinecessary for the operation of a transmission
or distribuion system. In line with this broad definition, dena@dricola et al. 201} summarises
following four main categories of AS:

1 Frequency control

1 Voltage control

1 System restoration (after grid fault)

T System control (e.g. congestion management)

However, withthe recast of the aforementioned directive, the EU Directive on common rultse for
internal market in electricity (2019)excludescongestion managemenfCM) from the definition of

AS, highlighting that fAanci | |theroperatoe of atiamsmissioreoa ns a
distribution system, including balancing and #Amtuency ancillary services, but not including
congestion management 6. According to this defini

whereas notfrequencyAS includevoltage control and blaestart capability (system restorati@ong
others Sincethis is a rather recent change in the definition, servicaSNbare also often mentioned as
part of AS (Glowacki 2020a).

USEF (Van der Veen et al. 2018) digfirishes between balancing servi¢gequency controland
constraint management servigesltage control, congestion management diaf)mentionsthat the
term ancillary services can be used for referring to batlother term often used for summarisiaig
these services necessaseryice§ o(re .gg.i dEloipeer2aGd2 ®)n. i s

In the following sections different markets are described, where A3/oservices are traded. At first
markets for procuring these services on TSO level are desddtiedied by those on DSO level.

3.3.2.1 TSOLevel

Markets for AS and CM aESO level are currently mostly operated by 80O itself (or theLFC/CA
operatol). Developing such markets with a thipdrty independennarket operator (MO) has been
recently tested isome trials (Schittekatte and Meeus 2020).

3.3.2.1.1 Balancing Market

According toan EU Commission Regulatidréelectricity balancing meangiall actions and processes,
through whichTSOs ensure, the maintenance of system frequency within a predefined stabdjitp
Therefore the balancing market is the final platform, through which tHESOs settle any deviations
between demand and suppBmaining after the closure of intradefrolesalemarkets and after the
determination of the final schedul@Slowacki 202Dc).

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

" 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 RegulatiofEU) 2017/2195 of 23 November 2017 establishing a guideline on electricity balancing
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In other words, on the balancing marlsetcalled ficontrol energy is procured by thdSO or the
responsibleLFC or CA operator.Consequentlycontrol energydescribes the totadeed for flexibility
productsand comprises the net imbalance amongaknce group&-Control 2013).

There may be different approach@show to distribute the costs arising from the different flexibility
services such as FCB-RR and mFRR (see below). In Austria, for instatieecosts fotertiary control
(mFRR are blled to theBRPs according to their individual imbalanaes imbalance costs order to
minimise their imbalance cosBRPs may procure flexibility by trading on téholesalanarket.Costs
for primary control FCR), in contrastarecharged to largproducersandfor secondary controbFRR

an intermediate approachapplied(e-Control 2013).

A party offering flexibility on the balancing market can be referred toBSR Each bid from a BSP
is assigned to one or mdB&RPs (Glowacki 2020b).

Relatedterms:

1 Control Energy Marketthe balancing market is sometimes also called Control Energy Market,
as the flexibility procured there is also called control energy.

1 Trading ofimbalancefalancing energyNote that BRPs trading flexibility for minimisingeh
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 prod(@v&an der Veen et al. 2018 and USEF
2015)

1 Primary Control ( Frequency Containment Reserve FCRR FCR aims to contain any system
frequency deviation to within a paefined range after an incident. Typically, activation time
in (milli)seconds is requiredRemuneration between the TSO (or LFC/CA operator) and the
BSP is based on availability, and optionally on the activated energy.

1 Secondary Control @Automatic Frequency Restoration Reserve aFRR aFRR aims to
restore system frequency and is defined as awesehich can be activated by an automatic
control device. Remuneration is mostly by means of a combination of availability and energy.

9 Tertiary Control ( Manual Frequency Restoration Reserve mFRR Although the objectives
of mMFRR and aFRR are the same, tbguirements 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 commo

1 Replacement Reserve RRRR 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 mMFRR. Remuneration can be e#iEgyd or a conmiation of energy and
availability remuneration.

Flexibility products:

From an analytical perspective, two different balancing market mechanismg@fuplyacki 2020c)

1 Balancing capacity markeThe BSP agrees to keep available a specific capacity autbhoit
corresponding flexibility bids to the TSO (or LFC/CA operator).

1 Balancing energy markeThe TSO (or LFC/CA operator) activates these contracts concluded
in the balancing capacity market, if required.

Thereforeas described abover each servicethe flexibility products traded on the balancing market
areunconditional (SRP- energy based)r conditional (CRP/CRP2i energy and availability based).
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3.3.2.1.2 Voltage Control

Theflexibility 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. To find a balance between demand faative power and reactive
power generation, TSOs dispose of the following meaqum@sexhaustive listpon the transmission
grid level in addition to the utilisation of active, conventional power plants (Agricola et al. 2014):
1 Installation of additionateactive power compensatdimsductors, capacitor banks, static VAR
compensatorsSTATCOM)
1 Voltagerelated redispatch (use of power plants us#d due to markeelated circumstances
with thetechnically lowest possible active power feayl
1 Transformerapping
1 Changes to the grid topology (e.g., line shutdowns)
1 Load shedding as an emergency measure
As voltage control here has to be provided at TSO levglribt a domain for participation BERs.
Therefore USEF does not include voltage control as gilfiéity service for TSOs (Van der Veen et
al. 2018 USEF 2015).

3.3.2.1.3 SystemRestoratiorBlack Start Capability

In the event of largescale failuresthe TSOs are responsible for controlling the system restoration
(Agricola et al. 2014 Black start is th@rocedure to recover from a shutdown of the transmission system
which has caused extensive loss of suppbdéack startcapability as dlexibility serviceis procured

by the TSOfrom producerghatcanstart main blocks of generation from ansite auxiiary generator,
without reliance on externalectricity suppl. Blackstart capability is typically procured during the
corstruction phase of a power plant or when a plant is being refurbished. It is-gelongrrocurement

as itis a technical requireme 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 gasts
power plantsLarge scalelectricity storage facilitiesra alsgootential providers dflack start capability
(Next Kraftwerke 2020).

3.3.2.1.4 CongestionrManagement

Congestion management (Chleansavoiding the overload of system components by reducing peak
loads. CM is a highlyregulated mechanisnthat iscurrentlyonly applied on TSO leveh the most
European member statdsor CM there are contrdlased mechanisms (e.g. direct access of TSO to
prosumers loads for load curtailment) but also maokiented approaches where aggregatoay
participate (Van der Veest al. 2018).

The most common approach for solving critical <co
means a measure for changing the physical flows in the electricity system in order to relieve a physical
congestion, as defined in tRegulation (EU) 2019/943 on the internal market for electricity (2019)

Redispatch is #exibility service that is mainly applied in regions with a high proportion of fluctuating
renewable energy sourcé=or redispatchinga TSO requestfrom specificproducers(or consumers

to start or increase the productiar decrease the load), while other spegifioducergor consumery
are requested to stop or reduce the productoto(increase the loadJherefore, theredispatch does
not change the amouat electricity fed intétaken fronthe grid, butts locality (Next Kraftwerke 2020).

9 Requlation (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 DSOLevel

On DSO level AS/CM services are required for local voltage control and local congestion management
Currently, there are no markieased mechanisms in place for solving these lomadtraint violatios.

Constraints on DSO level are currently solved both in a preventive and a corrective manner. On the one
hand, distribution systems have been oversigemtder to sustaisituations of high loadgreventive).

On the other hand, whencanstraint violatioris detected, tap changers are used for adapting the tap
configuration at the transformer stations (corrective). According to Jin, Wu and Jia (282€3rtHe
referred to as grid side flexibilities.

Marketbased approaches for solving locahstraint violatios are currently under discussion in the
scientific community (for a detailetiscussioron these approaches see chapte). However, it needs

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

Flexibility services:

Theflexibility serviceghat could bgrocured in a markdiased manner at DSO lewask voltage control
and congestion management, as described in cHagt&r

3.3.3AdequacyServices

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 Veeah. @018). In the EU member states
there are different adequacy mechanisms with different seqoesared through more or less market
based procedurégEigure8).

For adequacy servicedlexibility products are conditional (CRP/CRP2 i energy and availability
based).

Theflexibility services are described in the following sislections.

Targeted Capacity payments

Strategic reserve

Centralised Capacity Market
- Decentralised Capacity Market

/ -

L&
AT

L
‘J’
“-!v'
N

-

Figure 8. Adequacy services in EU member states (Source: Peigichler et al. 2020)
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3.3.3.1 CapacityMarkets

In capacity markets, generation capacity is secured againstdongdemand. Here, élgeneration
capacity is procured markbased, 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 centralisgd capacit
markets (e.g. UK) the capacity is procured by T8®. 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), tB&P/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 CapacityPayments

In (targeted)capacity paymenschemesthe capacity providers receive direct payments fronT®@.
The difference between capacity markets and payments gayraentstrive for liquidity on the supply
side and have less focus on clearing supply capacity towards expected daesritaednarkets d@an
der Veen et al. 2018).

3.3.3.3 StrategicReserve

The stratgic reserve is also procured by tR80O. The difference between strategic reserves and
capacity markets or payments is that strategic reserves are dedicated for activatioin 9.thde
reservedesourcesre generally kept out of the electricity markatil the TSO provides the signal. In
contrastwhen applyingcapacity markets/paymentsssets are in operation acahmakealsobids on

the wholesale market.

3.3.4Retail

Electricity is supplied tawonsumersand prosumers through the retail markefAs mentioned above

(section3.2.5, prosumerscan choose thesupplier freely, creating a competitive retail market with
prosumers and suppliers participding. In addition to that, theDSO is obliged to guarantee grid
connection and in return is remunerated by a regulated grid fee determined\iR/Athe

Theelectricity pricea prosumer hasto pay consists of three components:

9 supplyprice(incurred by the suppligr

1 networkchargegincurred by the DSO; includes fee for using the transmission and distribution
grid)

1 andtaxes and surcharges

Other than thenarkets described so fahe retailelectricity market can be referred to as an implicit
flexibility market This applies, whenansumersandprosumersaresubject tadynamicpricing offers.

In this way, flexibility can be traded implicitly through the retail marketonsumergry to minimise
coststhrough optimally adapting their load profile according to phiee 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(5) of the EU Directive on common rules for the internal market in electricity

(2019)°, a dynamic supply contract meani&cantract between supplier and aconsumethat reflects

the price variation in the spot markets, including in the-atagad and intraday markétDue to

regulatory steps related to Art. 11 of the aforementioneglDit i ve (AENntitl ement to
price contracto), it is expected that the market
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 edéricity
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More broadly, Cooke(2011) differentiates betweefollowing supplypricing arrangements featuring a
dynamic element:

1 Time-of-use (ToU) pricing refers to a flexible pricing structure incorporating different unit
prices for usage during different time periods within a dayl Tates reflect the average cost
of generating and delgring power during those time periods.

1 Reaktime-pricing (RTP) refers to pricing based on reahe movements in electricity prices
based on trade in spot markets, balancing markets or other exchanges. It links hourly or half
hourly prices to correspondirchanges in redagime or dayahead power costs. In this case,
customers need to be informed about expected RTP prices orahekay or houahead basis
to elicit load response.

9 Critical peak pricing (CPP) is a hybrid combining traditional time of usees 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 higherdatermined critical peak pricing event
price under specified conditions.

Generally, dynamigricing is more frequently applied in the supply of energy than in network charges
(Glowacki 202@). 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 theiligion grid and thé&SO.

A market mechanism increasingly gaining attention for its potential to integrate in the retail electricity
market ispeer-to-peer (P2P)trade. This can be achieved either digedietweenprosumers or
indirecty via an intermediat broke(Chen et al. 2018According to #ticle 2(18)of theEU Renewable

Energy Directive (2018) peerto-peer trading(of renewable energymeans the sale of renewable
energy between market participants by means of a contract wittemgemined conditions governing

the automated execution and settlement of the transaction, either directly between market participants
or indirectly through aertified third-party market participant, such as an aggregator.

For facilitating the administrative exchange of energy between prosumers in a Citizen Energy
Community, USERKIlaassen anan der Laan 2019)oints out that the community (or the operator

of the P2P trading platform) needs to assume the raesopplier and also has to take on its balance
responsibility in the role of BRP (which canalso be transferred to an existiBRP).

However, there are also traditional centralisegbpliers offering P2P services, meaning that the
supplier facilitates and handles this energy exchange via a platform. In this wsyphker andBRP
roles remain with the traditionalipplier (Klaassen ani¥an der Laan 2019)

Direct P2P tradewithout an intermediary stier role generallyalso seems to be allowed by European
energy law, as th&U Directive on common rules for the internal marfat electricity (2019% is
formulated rather bro&glbut 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 byEE®Corole running a shadow administration, which is
separate from the administration cfugpplier/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
(reaktime) use of local generation withime community itself. The shadow administration can be
combined with the introduction of (@rypto) currency based on the blockchain technology (Klaassen
andVan der Laan 2019However, Rocha, Villar and Bessa (2019) argue that aneimofficial P2P

tradng schemés not economically feasible under the current regulation as the benefits for the peers are
jeopardised by feeth tariffs.

1 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 ranrcones for
the internal market for electricity
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Flexibility services:

The flexibility services obtained from the retail market incli8lRP-related services as outlinéal
section3.2.6(in case of dynamic supppyricing), or DSO-related services as mentioned in sec8¢h7
(in case of novel grid tariffs).

3.4 Demand SideFlexibility Coordination M echanisms

3.4.1Market DesignOptions for Demand Side Response Integration

From the perspective of market designs solutionategrateDemand Side ResponsB§R) into the

energy system, ENTS@ (2015)proposes different arrangemenaghich are described in this chapter
(Figure 9). Thesemarket 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.

Are DSR provisions integrated in the supply contract or dissociated?

Is there a bilateral agreement with the
Supplier about DSR?

Supplier

Settlement il

Settlement

Variable Supplier Bilateral

Supply Price Load Control agreement model
— Single billing

— Double billing model

model model model

Figure 9. Energy market perspectives with DSR integration (Source: ENTSEE 2015)

In theDSR-Supplier integration model, the energy supply contract between suppliers and consumers
would include flexibility clauses. This market desajlows 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 anothe
using load orders directly from the supplier.

9 Variable Supply Price Model The central aspect of this model is firéece variability paid
by the consumer A contract between the supplier and consumer is set to estipulate the variation
on the energy supply price. The enesgypplier will send to the consumer signals of price
changes, and then the consumer may choose to reduce its energy consumptibine
consimes 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.

1 Supplier Load Control Model: In this case, flexibility clauses in the supplier contract allow
the supplier to control the load under particular circumstafidesconsumer should reduce
its load to a stipulated range as requested by the supplieFhis arrangement cdre used by
the BRP source to participate in balancing markets, forcsatipensation or even to profit in
high prices situations. This market design usually aims medium corswsuen as industries.

In the context of market models, th@egrated approach is the simplest way to implement DSR
since there are fewer stakeholders involved in the process. Neverthetstscts the action of other
players independent from the supplier such as aggregators. This can reduce market flexibility and
decreas®SR potential and attractiveness in some markets.

Page37



H2020Grant Agreement Number: 864319 ’ PARITY
Document ID: WP4/ D4.3

On the other side, there are market desigmsre DSR is dissociated from the suppliedn such cases,
independent aggregators may participate different relations to supplier and consumers. As dhresult of
absence of a twavay contract, some significant concerns may arise, such as:

1. Thefair compensatiobetween independent aggregator and BRE>for transferring energy

2. The secalledfiBRPsouceimbalance risk With the DSR activation, the BRRc.might deviate
from its forecasted schedulehich createsmbalance risks. Therefore, there must be some
compensatiomo the BRRyurcefor the imbalancecaused by the aggregator

3. Detailed information about DSR events and occurrences should be provittedB&P 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
competiton 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 agreerhetween aggregator asdppliefBRPsourccabout
the application of DSRgsdetailedbelow:

71 Bilateral Agreement Model: In this market model, thendependent aggregator andhe
BRPsouce Or the supplier have a bilateral agreemento settle critical aspects from the
separation of DSR from energy supphigure 10). The tweway contract covers the energy
transfer between the BRRc.and the independent aggregator when activating.@Séettled
price will thenbe paid by the aggregator to the BRR-for the energy sold in balancing or
wholesale market3 his arrangement configuresshift of the balancing responsibility from
the BRPsourceto the aggregator In this configuration, all parts must be in accordance with such
acontract, otherwise compgdtin issues and evatistrust over the flexibility may happen. The
formulation of standard contracts templates can encourage the closure of bilateral
agreementand help with regulatory and monopoly control.

<+— Supply confract
BRPsnurﬁe Flexibility contract
Bilateral contract for setiling
the transfer of energy

SUPPLIER Used energy
Transfer of energy
BRPygg/BSP DA, ID &
Balancing
energy
CONSUMER AGGREGATOR markets

Figure 10. Bilateral Agreement Model (Source: ENTSQGE 2015)

Market designs without a bilateral agreema@dealng in a different way with the energy transer

and compensations between its players, providing a certain independency to the aggregator from the
supplers. The BRRucecimbalancing 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, th@ermtent aggregators must inform the TSO

of the planned DSR activations to avoid problems in grid balancing. Then the TSO providesghe-BRP

with the requested flexibility activation to prevent cousielancing actions. In this framework, the
following two market designs can be considered.

13 BRPsourceis the BRPto which the consumer providing the flexibility is associated to
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1 Supplier settlement for DSR Activations Model In this market desigrihe 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 miirghih@al compensation
from the aggregator to the consumerfor the energy soldduring DSR activation. An
agreement between both parties regulates the compensation transactions. A metering entity, for
example the TSO or DSO, provides the supplier with tiierination about the consumed
energy and the DSR application: This information may be provided without distinction between
consumed energy and DSR activation, in-aaltedsingle billing situation. There is some price
complexity attached to this approadhe to differencebetweenconsumed and sold energy
taxations.On the other hand, there is the optiondotible billing, where the metering entity
provides the separate values of consumed and DSR activation energy. Thus, the tariffs and
taxation become sipler to calculate.

-+—» Supply confract

BRPsuurﬁe Meteri ng Flexibility contract
Entity Used energy
SUPPLIER Transfer of energy
BRPygc/BSP DA, ID &
Balancing
energy
CONSUMER AGGREGATOR markets

Figure 11 Supplier settlement for DSR activations model (Source: ENTS®& 2015)

1 Central Settlement for DSR Activations Model For this configuration, aeutral central
entity (that can be the DSO, TSO or adhparty)carries out the settlement of the transfer
of energy between supplier and independent aggregatof&igure 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 regulsiitutions. 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: ENTSGE 2015)
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