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The interconnected European power system is confronted with numerous challenges within the next
decade.The analysis ofchanges and developmerst within the energy landscapeshows that these
changes and developments caoften be traced back to fourmain drivers, which are Decarbonisation,
Decentralisation, Digitalisation and Demaocratization (the 4Ds). The transition towards a carbon
neutral economy is mainly based on the vast increase of renewable energy sources. This trend is
accompanied by the decentralization of generation, an increased electrification of different sectors
and the emerging digitalization.For the first time, digitalization empowers a large number of small
customers to contribute to the challenges of the power system.

To address thee trends and changes, the INTERRFACE project aimsdesign new services and
markets in order to capture the effects of evolving energy markets and servicasid to ensure the
participation of all service providers. Following D2.2 and D2.3 this report describes the results of the
market design phaseof potential new marketsfor services described in D3.1

Taking into account these trends, the importance of markets for ancillary services and especially for
congestion management markets is expected to rise. Furthermore, the rising interest of small
consumers ard producers to participate in the markets and to trade electricity localy while
maintaining independence might lead to new local market concepts. Therefore, the analysis
conducted in T3.2 of the INTERRFACE project focusses on these kats.

Taking into account the Active System Management Report by ENTEDthis report defines and
describesdifferent market options. The options are classified according to thelevel of integration
between congestion management markets and other markets and thevel of integration between
TSOs and DSOBased on thisclassification, a detailed analysis of congestion management markets
showed that depending on thd A O E Bu€p@sé a suitable market optionneeds to be chosen

The analysis of congestion management markets whiare separated from other markets shows that
this approach is most likely the favourable approach for DSOs taking into accouhat it can be easily
applied and it can be tailored to the needs of DSOs. In contrast to this, a combination of congestion
management markets with balancing marketscanincreasethe participation on those marketsbut at

the same time jeopardizes an easy and efficient procurement of balancing energy. Both concepts
showed that splitting up congestion management markets into shotterm and operational congestion
management markets as described in D3.1 seems to be a reasonable approach to tackle the differences
between both services. Differences occur in the exact sep of those markets in terms of timing and
product design.

Besidesdefining market designs for various markets a special focus of this document is set to the
common processes like prequalification and settlement which will be facilitated by the introduction
of a flexibility resource register which is expected to be one dfhe core functionalities of the
Interoperable Pan-European Grid Services Architectur@latform developed in the project.

The developed market designs act as the blueprint for the implementation of different markets in the
demonstration projects, by whichthe developed market designs will be tested in reality. For this
purpose, the results of this task will be utilized by the following task 3.3 and the followingvork
package4 for setting up the Interoperable PanEuropean Grid Services Architectureplatform
ensuring a seamless operation of all demonstration projectand serving as a common platform for
the future electricity system.
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1.1 Background

The interconnected European power system is confronted with numerous challenges within the next
decade.The transition towards a carbonneutral economy ismainly based on thevast increase of
renewable energy sources This trend is accompanied by the decentralization of generation, an
increased electrification of different sectors and the emerging digitalzation. For the first time,
digitalization empowers a large number of small customers to contribute to these challges of the
power system As illustrated in D2.1 of the INTERRFACE project, an increased active participation of
all grid users on the marketis expected in the future To facilitate the potential of small customers
while maintaining the potential of all other customers an easy access to various markets is especially
important. Going along withthis phenomenonthe coordination between TSOs and DSOs becomes
significantly more important due to the larger share of customers connected to DSOs but taking part
on DSO andlr'SO marketsBesides the integration of decentralized energy resources into markets on
TSO leveldifferent markets on DSO level are expected to emerge in the future.

Direct consequences of these trends are also addressedthin the Clean Energy Packagef the
European Union which was formally adopted in May 2019With this legislative package, the & set
the basis for a climate ad energy framework for 2030 by, amongt others, amending the existing
electricity directive and introducing a new electricity regulation.

To addressthese trends and changes, the INTERRFACE project aimsdesign new services and
markets in order to capture the effects of evolving energy markets and services usistate of the at
and new digital technologies and to ensure the participation of allpotential service providers.
Following D2.2 that analysed existing tools andservices, theINTERRFACHeliverable D3.1 aims to
describethe evolvement of grvices within the power system. The deliverable D3,5as INTERRFACE
demonstrations core servicesis the foundation for the following market design of potential new
markets. The different implementations of the demonstration projects are taken into account while
setting the focus of this task to services illustrated in the INTERRFACE project.

In this document the resultsof the market designphaseare presented. Therdore, and based on the
status quo of the Eiropean power market landscape presented in D2,3he occurring challenges and
their implications for markets will be presented.Taking into account the regulatory framework in the
electricity sector which has been describd in D2.4,potential new markets and their desigrs are
evaluated.The market designs have to be aligned witthe INTERRFACE strategic objectives of linking
wholesale and retail markets to allow all electricity market playes to trade and procure energy
services in a transparent, nondiscriminatory way. Furthermore, this deliverable D3.2 provides first
insights into the definition of standardised products, key parameters and the prequalification and
settlement process for energy services. Thereby, this daftion always takes into consideration the
market liquidity for all services. Based on this analysis, thesucceeding work packages within the
INTERRFACE project will be able to use the generalized market structures as a blueprint for
implementation of the Interoperable panEuropean Grid Services Architecture EGSA platform
which will be described in D3.3Besides this aspect, other work packages will evaluate the necessary
regulations to enable the proposed market structuresThe demonstration projects inwork packages

5 to 7 will be able to utilize these results while implementing their specific market concepts.

Pagell of 138



) D3.2 Definition ofnew/changing requirements for Market
Designs
INTERRFACE

1.2 Report structure

In order to identify potential new markets and necessary adaptions of existing marketsseveral
methodical steps are performedwhich are described in chapter2. The second chaptefocuses on the
detailed description of steps that werefollowed to derive the results described in thisdeliverable
D3.2wit hin the INTERRFACHroject period.

To identify the need for new market based solutions, the upcoming challenges for the power system
are anticipatedin chapter3.1. This high level description aims for a classification of different mega
trends which are currently discussed within the field of power economics. This is followed bgn

AT AT UOEO 1T &£ OEA EI DPDAAOO 1 £ OEA @A withik AHageA32. 1 1
Subsequently, and based on the prior atysis and the findings within 8.1, necessary adaptions of
existing markets and likely new markets ae described withinchapter 3.3.

Following the top-down identification of possible new markets chapter4 provides an overview of the
different demonstration projects and first approaches on the definition of markets that they want to
show in their demonstrations. The results from this comparisorhave been taken into account to
define the markets that will be analysed in detail in the following chapters.

The identified new and adaptedmarket structures will be analysed in detail within chapter5 andO.
The structure of both chapters will be explained in detail in chapte2. The different markets taken
into account here are analysed with respect to a general description of the market, the different actors
on the markets as well as the structure of market processes. Another importanvgic that will be
tackled is the TSO/DSO coordination scheme in the different markets.

Within the whole report references to the demonstration projects in the INTERRFACE project are
provided, to ensure consistency within thevhole consortium.

In the end, dapter 7 provides an overview of the most important results and conclusions of this
report.
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The development of possible new market struttires and adaptions in the existing maket structure
in the INTERRFACE project followed a tedown and bottom-up process in order to facilitate a

standardized way of describing necessary marketesignswhile at the same time taking into account
the needs of thedemonstration projects.

These topdown and bottom-up processes are visible in the way of identifying the markets thatere
analysed in detail in the INTERRFACE project and within this deliverable. The tdpwn approach
(compare chapter3), shown in Figure 1, started with the identification of anticipated, upcoming
challenges for the power systenin chapter 3.1. This high level descriptionaimed for a classification

of different mega trends which are currently discussed within the field of power economics. This is
folowAA AU A1 AT Al UOEO 1T &£ OEA EiIi PAAOO 1T £ OEAOA
chapter 3.2. Subsequently, and based on the prior analysis and the findings withD3.1, necessary
adaptions of exiging markets and likely new markets are described withirchapter 3.3.

Anticipation of Increased feedn
fundamental changes from RES
&

’a; :: C
5
= Arising challenges for %_ Increased congestion o
= markets % all voltage levels
3 n
(&)
C
[}
o

I 7 Possible new Embedded congestion

N markets managementmarket

Figure 1: Top-down approach for analysing new market structures

Based on the results of this topdown processthe question arose which of these markets should be
investigated in detail. In order to answer this question, a questionnaire amongst the demstration
projects leaderswasconducted to find the most relevant markets for the INTERRFACE project. Taking
into account thedemonstration projectspreferencesand the target period of the INTERRFACE project
the most relevant marketswere selected. To reflect these different markets, thre&VP3 visions
(compare Figure 2) were created in order to reflect the different approaches. These visions were:
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- 6 E O EBubinessmas-@sual + flexibility markeé In this vision wholesale and balancing markets
as well as retail markets and markets for nofirequency ancillary 1services are expected to
remain similar to today, while additional markets for congestion management are introduced.

- 6 E O E ISinglegFlexthility Maketd In this vision derivatives, retail and nonfrequency
ancillary services market remain unchanged while balancing, intraday and congestion
management markets are combined into one single market.

- 6 E O Ebetentyaliz€dl concefit This vision was supposd to reflect the increasing willingness
of end-consumers to participate in the electrical supply by engginginto electricity markets.
For this purpose local electricity markets are set up.

Out of Scope (Remainnchanged)

General structureremains unchanged
Further Harmonization
Changes possible (Bidding zone configuration
Minimum bid size, GateclosureOE T AOR 8 q

Out of Scope

Ongoing Harmonization
Minor adjustments
expected

Peer-to-Peer market for
electricity exchange

Integration of
Ongoing Harmonization Balancing,
Minor adjustments Congestion- Out of Scope
expected Managementand
Additional market for IR (GG Peer-to-Peer market for
Congestion- congestion -management
Management onlocal level

Peer-to-Peer market for

Out of scope electricity exchange

Outof Scope (Remain unchanged)

Figure 2: Different WP3visions

Asvisions 1 and 2differ mostly in terms of integration of the markets a more detailed analysis of
different levels of market integration in terms of TSO/DSO integration as well as market integration
was conductedin the next steps.

I Nonfrequency ancillary services as defined in Article 2 of Directive (EU) 2019/944
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Taking into account WP3visions focussing on ancillary services, it becomes clear, that vision 1 and 2
differ in terms of market integration for different ancillary services and the integration of TSOs and
DSOs. Starting from Chharkets, these differences can be classified accaong to Table 1 into different
market options. This concept was initially mentioned in the ASMeport by ENTSGE and was further
elaborated in the INTERRFACE project.

Table 1: Market Options
CM separated from CM combined with CM fully integrated
other markets other markets over in other markets

subset or 0)Y]
overlapping MOLs

overlapping

TSO & DSO fully
integrated

2B 3C 3D

The market options can be classified according to the level of integration of different markets, which

is illustrated by the different columns. Starting from separated markets, meaning that bids are only
usedon one of the markets, up to a fully integrated market with only one common Merit Order List,
all different variations are possible. Nowadays, many pilot projects are working on a combination of
CM- and other markets by sharing parts of the bids and addintpem on two or more Merit Order Lists

of different markets. The same classification can be carried out for the combination of TSOs and DSOs
on these markets. Starting from completely separated markets, where the TSO/DSO coordination
necessarily needs todke place outside of the market up to integrated markets where TSOs and DSOs
can access the same bids on the same Merit Order List.

To align the topdown approach of selecting different markets for an irdepth analysis a survey of
demonstration projects followed. This bottom-up process aimed to identify the markets that will be
represented by the demonstration projects and to understand the fundamental basics that
demonstration projects foresee. In order to be able to compare the different ideas of the
demonstration projects, sequence diagrams were chosen as a valid format. A comparison of the
sequence diagrams can be found in chaptdt while all sequence diagems arelisted in the appendix.
The analysis of these sequence diagrams showed, that the markets which are covered by most
demonstration projectsare consistent with theWP3visions, focusing on congestionrmanagement and
balancing makets as well as local markets

Following the decisionwhich markets are supposed tobe analysed in this project, a definition of a
framework to describe thesedifferent market designswasrequired. The analysis of thanarkets this
report is focussing on follows this framework andwill be carried out in each ofthe following
subchapters of chapters and 6. The frameworkwill be based onthe aspects that are shown irFigure
3.
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Market Parties

RElES D o Information exchange
Responsibilities and objective! between market parties

A Market liquidity Market Processes A Lﬂ&?j‘:%‘;ﬁg&mge
A Market Process illustrated through

General market description
Sequence Diagram

A Market goals A Market mechanism
A Services whichare addressed & Market access A Temporal product design
(T3.1 link) A TSO/DSO coordination A  Spatial product design

Information Exchange

Open Issues and Challenges
A Gaming

A Interaction with other markets

Figure 3: Market Design Framework

Each of the market design descriptions in the subchapters of chaptBrandO starts with the
description of the general working principle of a specific market to provide amverview of what this
market is used for. This general description includes the market goals, illustrating the purpose and
the idea of the market. Furthermore, this general description is supposed to identify the services that
might be traded on the specit markets. With respectto the INTERRFACE project, thesectionsare
supposed to provide a link to D3.1 which is a description of possible services. As an additional aspect
of the general description of the market, the market settingvas analysed. This involves information
on how the described market is embedded within the existingequence of marketsand analyses
possible interdependencies between markets, even though they are not directly linked. This should
provide an overview whether the market is operated close to reatime, or it is a market where
clearing takes place weeks before delivery.

After this general description of the market, a more detailed analysis will look at different market
parties and ensures, that all market partiesre well defined. Moreoverthese sectionswill provide
some insights on the individual aims of the different market parties being active on the market. Since
the market parties will be very similar within different market concepts, these sectionwill be based
on a thorough overview of pasible market parties in Chaptei5.1.1 Therefore the individual sections
will highlight the differences compared to the general@scription only.

With clearly defined market parties, their market structure can be dscribed in each section 3 of the
different market descriptions. The market strudure involves market processess well as the market
and clearing mechanismA further aspect of the marketstructure is the market access, focusing on
the provision of an easy access for all market parties including smaller consumers. Since many of
these small market parties are connected to the distribution grid while many services are prod
from TSO and DSO, a TSO/DSO coordination scheme is crucial for4fuglttioning markets and needs

to be determined.

Central to a market and directly linked to the market mechanism and market processes is thgatial
and temporal definition of products that can be traded on the described markeand are further
described in sections 4.

The issues and challenges associated with the marketions are described ineach sectionb.
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3.1 Challenges with respect to markets

The changes and development within the energy landscapse often characterized byfour main
drivers, which are Decarbonisation, DecentralisationDigitalisation and Democratization(the 4Ds).
The first trend is decarbonisation whichgenerally describes efforts to reduce carbon emissions.
Nowadays the most important approach is thereater usage ofefficient or renewable technologies
Increasing the number of renewable energy plants is often associated with decentralisation, which
foresees the @radigm shift towards are more decentralized generation stackEspecially for the
installation of P\V-units and onshore wind turbines this is important.The third trend digitalisation is
an overarching enabler This refers to new business models as well &ging able to handle a new level
of complexity. The trend of democratization leads to a higher participation of various, smaller
consumer and the aligned increase of complexity.

These megatrends, which ar@f coursenot only applicable tothe field of power economics, can be
used to classify different developmentswithin the power sector. Sibsequently a classification 6
trends and developments, whichraises no claim to completenessas well the derivation of challenges
will be performed for the most relevant trends.

The most prominent and most severelevelopment is the increased diffusion with renewable energy
plants which raises challenges related to the market integration as well as a successful grid
integration. This trend is illustrated in Figure 4 by the development of the installed capacity of
photovoltaic and wind power plants which are thetwo most important types of renewable energy
plants.

700
GW
500
400
300
200

100
0 - m B
2017 2030 2040 2017 2030 2040 2017 2030 2040

PV Onshore Wind Offshore Wind

Figure 4: Development of installed onshore wind and PV capacity in Europe?

The generation of renewable energy plants is by nature characterized by a higapendency onthe
primary energy sourcesand in some cases for the volatilsupply of these primary energy sources

2 Capacities from ENTS4E factsheet for 2017 and Ten Year Network Development Plan 2020 for Scenario Distributed
Energy

Pagel7 of 138



) D3.2 Definition ofnew/changing requirements for Market
Designs
INTERRFACE

This immanent characteristic along with the limited predictability mark a significantparadigm shift

in generation, which has been dominated by controllable power plants for centuries. This new
volatility on the generation Sde causes an increased need for flexibilitio balance the system in case
of low generation from renewables. Thereforea higher reserve need is expectedlong with a high
volatility, also the occurring powerramps of wind powerand PVplants increase tte need of flexibility
within the generation system.

Along with these technical challenges, some markdtased issues arise. In times of high generation
from renewables the residual load, which is defined as thdelta between the load and the volatile
renewable generation, can be small or even negative. This is equal to a low needacdhilable
generation capacity from conventional thermal power plantsAlthough, the market principle should
generally be able toefficiently manage situations of scarcity (in this casa scarcedemand), those
situations are not easy to handle from a grid perspective since during those times high exportscoir
due to low prices. In addition,some conventionalgeneration needs to remain in operaton during
situations of low residual loadsdue to stability reasons

It should be noted, that the inceasing capacity of renewable generation, has a significant impact on
the grid infrastructure as well. The decentralizeddistribution of renewable generaton confronts the
existing distribution and transmission grids with challenges &ce they have been designed for a more
centralized power supply. In order to guarantee a safe operation of the system, system operators are
facingan increased need foremedial actions The costs for these measures, which are illustrated for
2017in Figure 5, have been rising during the last years.
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Figure 5: Costsfor remedial actions in the European countries in 201 73

With an increased renewable generation, prices on a wholesale level are expectediaxrreasedue to
the low operational costs of renewable plants. These lowered prices lead decreasing earnings for

3 Source: Deliverable 2.3 or the INTERRFACE project
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conventional plants. This is often referred to as the missing money problem, which means that the
DPOEAAO &£ O AT AOCU xEOEET OEA xEI 1 AOGAI A 1 AOEAON
which are needed to provide a reliable electricity sstem.The most prominent idea to overcome this
issue is the idea to introduce my sort of capacity mechanism, which would also remunerate
generation capacity insteadof the sole delivery of energy.

This challenge is closely linked to the inverse trend ofetreased thermal generation. Due tdeclining

full load hours of thermal power plants, their business cases becomes more and malifficult. This
leads to a lower secured capacity, which needs to be compensated in order to ensure security of
supply. This 8 accompaniedby the decreased availability of plan$ for ancillary services especially
reserve power and the feeein of reactive power. The échnical challenges for renewable energgeto
provide ancillary services have mostly been solved. However, currefdgal efforts aim towards an
increased integration of renewable energieslso into the ancillary servicemarket.

In addition to the comprehensive changes on the generation side, there are fundamental trends on
the demandside as well. This encompasses the increasing electrification as well as sector coupling.
Both approaches refer to the concept of replacingogsil fuels also in the sectordheat, industry and
transport. In terms of practical appliances this refers especibl to increasing numbers of electric
vehiclesand heat pumpswhich is illustrated in Figure 6.

40 160
TWhia 14o‘§
30 120 &
-]
¢ 25 100 2
|_
=
= 20 80 T
o <
e 15 60 ©
b =
T 10 40 ©
L
5 20
0 II I. I- I » - .a m [ | I_ O
) | L nN—rxo L
LBRs0a INTEG T2 2222026055

Heat pumps ™ Electric vehicles

Figure 6: Number of installed electric vehicles and heat pumps in European countries in 20174

From a marketperspective this results in an increasing number of active consumer® prosumers
which will be active on markets, which is empowered by the fourth trend of democratization.
Additionally, there is a paradigm shift fromstatic, appreciable towards new, more dynamic load
patterns. Conseqgently, higher communication efforts with demand side appliances will be necessary
in order to integrate prosumers into existing and new markets.

4 Source: Deliverable 2.3 of the INTERRFACE project
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The trend of democratizationalso adds a socieeconomic dimension and describeshe increasing
participation of consumers as well aghe rising public awareness within the field of power supply.
From a market perspective those new fayers are not fully aldressed by existing market structures,
since those are still aligned tohe needs of wholesale customers. In order to integrate small players
into the market structures, removing entry barriers is afrequently discussed topic. There is a need
for low-costaccesssolutions in order to enabk new business models. This raises concerns regarding
cyber securityissues In addition, the interoperability from a technical as well as a market perspective
should be ensured. Therefore a consistent market design framework is necessary to avoid
inefficiencies.

3.2 Derived Implications for Markets

As describedwithin chapter 3.1, the current market framework is confronted with fundamental
trends and challenges on the road towals a carbonfree power supply. In order to meet those
challenges, the existing market structures could be adapted or additional new markets might be
suitable. Subsequently those two major approaches should beauated taking into considerdion the
identified challenges from chapter3.1.

Group of Challenges: Increasing renewable energy plants and lower conventional generation

With a power supply mainly based on volatileprimary energy sources, forecasting the generation is
crucial in order to ensure a stable operatin of the system. Sincéorecasts are naturally imperfect
there is an incentive to shift trading activities related to volatile renewable energy plants as close to
real time as possible, in oder to minimise deviaions from the forecast Within the current market
framework, this is mainly done using the intraday market, which allows to balance thewn position
up to several minutes before realtime. A similar, even though less pronouncedirend could be
identified for balancingmarkets (aFRR and mFRRWhere gate closure times have been shifted closer
to real time as well in order to allow different technologies to participate.

In addition to shorter lead-times also thestructure of market based productson all markets might be
subject tofurther changesn order to allow renewable energy plantsand all other flexibility resources
to participate and increase the liquidityon the markets by ensuring a sufficient number of active
participants. This involves shorter product durations as well as lowered minimum bid sizs.

One regulatory instrument which has successfully been used to promoiaitial investments into
renewable energies are feedn tariffs. This relates to the issue that the majority of REflants have
been operated partly separated from the market with low or namotivation to be operated under
consideration of market prices In recent times the integrationof feed-in tariffs that only compensate
missing earnings from other markets(market premium model) become more relevant in order to
guarantee that feedin-tariffs do not create a parallel system for existing marketsWith a limited
duration of those feedin tariffs, RES producerswill be motivated to operate their plants in a market
oriented and efficient manner after the expiration of the governmental supportThe operation of a
power system with high shares of reaewables which are not subsidedat all, remains a challenge and
might lead to some unforeseemnwanted effectswhich require some adations of the existing market
design. At the same time a higher share of unsubsidised resourcesn lead to a more effective
balancing, since producers are incentivized to balance their portfolidue to higher price variations

Supplemental to the adaptionof the existing market design, diverse ideas regardinfundamental
changes and new markets exist. In order to overcome the lack of secured capacity, different capacity
mechanismsor markets are in place within Europe.These complement the existing energpnly
markets.
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Another field of discussion is the future procurement ofrequency ancillary services.Due to the high
efficiency of a marketbased procurement, this will remain the best option to procureeserve power.
Therefore, and as explained before, iis necessary to lowerthe hurdles for a market entry of
renewable plantsas well as refining the products of those markets to the needs of the future power
system. This will ensure efficient market outcomes and a stable grid operation

In terms of the provision of non-frequency ancillary services like feeding in reactive powerbilateral
agreements with the grid operator or regulations baed on the grid connection codes are in place,
while in the future market-based procurement of nonrfrequency ancillary services might be
conceivable.

A potential new market within the field of non-frequency ancillary services could beforeseen for the
service of providing system inertiaas Ireland has started With a future majority of inverter -

connected generation units which do notnherently provide rotational inertia, new solutions need to
be found.Different technical solutions existwhere flexibility resources that are connected via power
electronicscan be capable of pvidi ng synthetic or virtual inertia. To identify a combination of inertia

providers which are associated with the lowest costs, a market similar to FCR could be usétieady

today, specific products like FRR and gridestoration services are under devadpment in different

European countries.

Approacheswhich aim towards a more fundamental change of the existinmarket design are for
example the ideas to implement nodal pricingBenefits, compared to the existing zonal system, would
be a more efficient dspatch whilestructural congestions are reflectedwithin different market prices.
However,the discussion of nodal pricing remains to be a theoretical one due to the extraordinary high
costs which are related to changing the pricing schenand the political unwillingness of changing the
running system. An approach which aims for the incorporation of local price signals, which remains
within the framework of zonal pricing, is the regular review and conclusively the adaption of bidding
zones. Nevertheless, approaches towards fundamental changes of the existing market designs in
order to take into account grid congestions into the dispatch might be possible in local energnd
local flexibility markets.

A more concrete debateexists with resped to dedicated new markets for resolving congestionThis
refers to setting up a newadditional or combined market placewhere market players can sell their
operational flexibility. Possible demanders are grid operators whicluse the localized flexibilitybids
to resolve congestion.Currently, mFRR market is used for transmission congestion magement
inside a price zonein some European countries and many different demonstration projects at
distribution level exist which elaborate on different options toaccess the existing flebility using

market platforms.

Group of Challenges: Digitalization and Electrification

Also on the demand side, adapting market accessles is central to enable the participation of
prosumers. This involves for exampleeducing the minimum bid sizewithin different markets or the
necessary effort to access thenCurrent minimum bid sizes for example on the daphead and
intraday markets of EPEXSpot are 0.1 MW, which is significantly more than small prosumers can
deliver.

The market access should bembeddedinto a market framework, which ensures a safe operation of
the grid by providing incentives for asset owners to operate their asset® a manner that is well

suited to the system This should be an inherent characterist of the market design.Possible
approaches, whichaim to ensurethis compatibility, are for example time and load-dependent grid

fees. These dynamic grid tariffs can be used to incentivisegrid usage, whichprevents congestion.
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A potential newmarket, which could incorporate dynamic grid tariffs as well asaddressing the rising
interest in local energy supply, is a local energy market. Thepatially limited market complements
existing wholesale markets and allowilateral peer-to-peer energytrading on a local levelThe core
concept is the consumeicentric and bottom-up perspective.

Besides local energy markets, local flexibility markets can provide flexibility for solving grid
constraints or any other flexibility needs of the network and system ogrator.

Another development, which is related to an increasing digitalizationis the setup of data &change
platforms or data hubs. These information platformssupport market players by serving as a single
point of information for e.g. meter data.Further ideas like a flexibility register with various possible
designs are discussed nowadayshe most important aim of such a platform is to facilitate the
integration of small customers on various markets. More information on this topic can be found the
Appendix Flexibility register concept proposal of INTERRFACE projedhtegrating large numbers of
prosumers into the electricity market may involve enormous communication efforts. In addition,
information and cyber securityare key chdlenges and needto be ensured in every process.

Page22 of 138



)

INTERRFACE

D3.2 Definition ofnew/changing requirements for Market
Designs

3.3 Possible Future Markets

Following the discussion of possible implications for markets within bapter 3.2 which were derived
from the described challengesthe following subsection focuses on identifying potential new markets
based on the service lisas described in D3.1.

In general, servicescan be procured using differentprocurement schemes.The first scheme is the
definition of requirements, which needto be met byassets, whichare connected to the grid, within
the network codes.These rules define the prerequisites for a new gridonnection;this is the case for
reactive power behaviourin some European countriesThis type of procurement schemes is called
0001 A AAOAA b6ThedgdordpoduierAentGeheme is a bilateral contracir connection
agreementbetween the grid operabr and the asset ownerlf an asset is able to ppvide services (like
providing black start capability) bilateral contracts between the asset owner and the grid operator
define the modalities for the procurement of this service Furthermore, grid tariffs are one possibility

to incentivize specific services. In contrast to thosechemes, fully market based schemet procure
servicesare conceivable which are especially suitable forservices thatcan be provided by a high
number of assets (for example prowing reserve power). Thereby, markets which are in place for
servicesthat need to beservedlocally, are corironted with a lower liquidity. In contrast to bilateral
contracts, the market based approach normally consists of an organized market place whittludes
the concept of bilateral contracts. A subgroup of the market based procurement schemes is the
OAAT ET EOOOAOCEOA APDPOI AAE6 xEEAE Al T OE OMhiniTaBleOAOOC
2, the classification ofsystem servicesfrom T3.1 with respect to possible procurement optionsis
presented.

Table 2: Classification of system services according to D3.1

Market Market sub- . . Locational
- - Service Procurement Explanation Scope User
Frequency
Containment
Reserves FenE
(FCR)
automatic
Frequency Pan-EU with
Restoration A market-based procurement is standard national
" Reserve due to the system-wide nature of the specifics
= EXISTING (@FRR) frequency. Therefore, no spatial
2 o - s :
= Frequency Market-based restrl_ctlons_ regardmg _the provision of this TS0
= Response manual service eX|_st. In ad_dltlon, a high number _
o services Frequency and variety of different assets are Pan-EU with
g Restoration technically able to provide frequency national
= Reserve response services. specifics
© (mFRR)
m
Replacement .
reserves (RR) National level
Fast frequency .
reserves (FFR) National level
NEW A market-based procurement has been .
EMERGING Ramp control Market-based introduced by EirGrid. National level TSO
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Market Market sub- . . Locational
- . Service Procurement Explanation Scope User
Frequency
Response .
services Introduced by the TSO Statnett which
Smoothed Bilateral pays a fixed administrative compensation National level
production contract as well as a variable tariff to participating
assets.
. . TSO/
Operational National level DSO
g NEW
5 EMERGING S‘?I(;Ltr-]tie]rgm National level TDSS%/
g Intra-zonal The efficiency of a market-based
I procurement of resources for congestion
S Long term Market-based | management is highly dependentonthe | National level | 1509/
5 planning nature of the congestion and the voltage DsSO
T level.
qg)> Redispatch Inter-zonal TSO
o
O Cross-border
Countertrading Inter-zonal TSO
Obligatory
reactive power Defined Voltage related services are usually National
service (ORPS) | within Grid defined within the grid codes due to the
NEW Code or local nature of reactive power. In case of
EMERGING Enhanced bilateral an additional provision, regulated prices
Reactive reactive power contract are used. National TSO/
Power and service (ERPS) DSO
0 Voltage
3 Control
S Fault-ride Defined
§ through (FRT) within Grid Specific to every generator Pan-EU
— capability Code
ks
é Specific to the TSOs grid restauration
> Black Start Bilateral p'Ian. Usually sel_ected plant_s receive a National Tso
= NEW Contract fixed remuneration for providing black
g EMERGING start capabilities
o
g System
= Restoration : Defined
5 Islanding o . - TSO/
> Operation within Grid Specific to every generator Local DSO
Code
NEW ;
: Dependent on the nature of the occurring
EMERGING pg\?\lgrp;?/gtg:n Bilateral oscillations. Usually eligible assets are Pan-EU Tso
System e et Contract contracted and remunerated with fixed
Restoration tariffs.
- NEW
3 EMERGING s - Market-based | Currently different approaches exist within
S trategic ; ) . .
o Capacity e or bilateral Europe which range from capacity National TSO
§ Remuneration contract markets to restricted capacity payments.
Mechanisms
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Asit can beextracted from Table 2 only for some services a markebased procurement is reasonable.
Theseservicesare especialy within the field of frequency-ancillary servicesas well as congestion

management. Within the pr@urement of frequency-ancillary services market structures are well

established whereas within thefield of congestion management markebased approaches are still in
the early stage.Therefore, one focus area of the following market analysis is within ehfield of

markets for congestion management.

Besidespossible new markets within the field of system servicesadditional new marketscan be
derived from the performed analysis.Thereby especially the concept of local energy markets (LEMS)
will be addressed. Theselocal market concepts empowerconsumers by enabling energy trading
within the small scale.According tothe Brooklyn Microgrid LEMs offer benefits toother stakeholders
apart from customers. Forgrid operators, LEMs could laver the need for grid expansion due to a
more efficient allocation of consumption and generationThis would also decrease gritbsses during
daily operation. From a societal perspective, LEMs could provide better market transparency as well
as afairer allocation of systemiccosts and benefitsBesides all these advantages LEMs have a couple
of disadvantages at the same time. Market fragmentation reduces overall efficiency while at the same
time issues about local market power can exist. Furthermore, transparency of local matk might be
reduced in some cases, due to the fact that reporting for the public is not dictatdddividual prices
based on the location in the grid in order to reduce needs for grid expansion might be politically
unwanted, due to the fact of equality oéll users.

To take into account the potential of LEMs to change the existing market structureme concept of
local energy markets will be included into the market analysis of this reportln addition, one
demonstration project within the INTERRFACE pr@ct, focusses on the implementation of a local
energy market.

Closely related to LEMs are local flexibility markets which are focussing on the provision of flexibility
to the grid operator by enabling additional earnings for participants on those market§ hese type of
market needs to be clearly separated from LEMs.

5> Brooklyn microgridi Energy platformhttps://www.brooklyn.energy/
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In order to understand the needsof the demonstration projects a thorough analysis of the different
sequence diagrams has been conducteBesides tre information of the sequence diagrams even
further information from prior questionnaires has been taken into account for this analysisThe
sequence diagrams themselves always refer back to one market option that they are describing. A
detailed explanation of those market options can be found at the very beginning of chaptBr This
section gives insights on the following issues gained during this analysis:
1 Genericdel T 1T OOOA OE ichara@etistidcs AA OO 6

0 The services they implement,

0 Description of TSGDSO coordination scheme,

o0 Existence of flexibility register,

o Actors

1 Market Design

0 Market design options they follow (1LA3D),
Market product description,
Timeframe ofthe market,
Available bidding options,
Market clearing,
Market integration,
0 Communication to market participants

O oO0Oo0ooo

The following Tables provide a comparison of the demos, based on their sequence diagrams and
business use cases with a focus on market desigropess. They provide an overview of the generic
characteristics of thedemonstration projectsin Table 3, but the main focus is on the market design
characteristics, which is shown in
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Table 4 and Table 5. A more detailed comparison ofdemonstration projects is provided in

INTERRFACHeliverable D3.1.
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Table 3: General Characteristics of the demonstration projects
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Table 4: Market Designs of demonstration projects of WP5
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Table 5: Market Designs of demonstration projects of WP6 and 7
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Combining the results of the topdown approach including the derivation of the three visions and the
market options as well as theesults of the bottom-up analysis of the sequence diagrams of the Demos
the focus of the INTERRFACE project is set to congestmanagement (CM) and balancing markets
as well as local energy markets. In this chapter possible markets for ancillary services, especially
congestionmanagement and balancing markets, are described, while chapt@rfocusses on local
energy markets.

Subchapter 5.1 is focussing on common actors and processes tife different market options. The
further structure of this chapterfollows the matrix structure of the described market options Starting
with CM-markets that are separated from other markets, subchaptes.2 describes the possible
combinations of TSO/DSO coordinationwithin the different market options (1A, 2A and 2B).
Afterwards subchapter5.4 is focussing on combined congestion management and other markets,
representing market options (1B, 3A, 3C). Market options for the full integration of congestion
management markets into other markets (1C, 3B, 3D) are not taken into account in this repo
because it is not expected that in the timeframe up to the next 10 years, which is the relevant
timeframe from the INTERRFACE project perspective, a full integration of congestion management
and other markets is going to be realized.

5.1 Common Actors and Processes

5.1.1 Market Parties

In the aforementioned markets various players are active, besides the buyeof flexibility and the
parties providing flexibility various other roles exist. These roles have been described in detail in the
harmonised electricity market role model of ENTSEE, EFET, ebIX(referred to as: harmonised role
model) forming the basis for our discussionThe role description of the larmonised role model can
be found in the Appendix of this deliverableln the following subchapters focussing on individual
markets, only deviations from these roles are described in further detail. For all other roles, the
definitions according to the harmonised role model are valid. The definitions according to the
harmonised role model can be found in theAppendix. One major question that comes up for all the
different markets is the one about therole of the flexibility platform market operator.

Please refer to theAppendix that includes a detailed note on the FlexibilityPlatform Market Operator.
The note consists of four sections and a wrapp. First,a discussion ofthe different market operator
tasksis described Seconda description ofthe EU and US experience with market operator roles in
different markets is provided. Third, a discussion of thepros and cons of having a network operator
or a third party taking up the role of the market operatorare compared Fauirth, an illustration of how
the market operator role is filled in for four existing flexibility market projects in the EU and one in
the USis analysed In the following paragraphs a short summary is provided.

First, the role of the flexibility platform market operator consists of multiple tasksthat do not
necessarily all have to be attributed to the samentity. Several tasks, for exampleollecting offers,
clearing and settlement could be more easily allocated to third parties Other tasks, for example
prequalification, validating offers and product design could be the responsibility of network

6 The Harmonised Electricity Market Role Model (v. 2608 by ENTSGE, EFET, eblX, avdable online:
https://docstore.entsoe.eu/Documents/EDI/Library/HRM/Harmonised_Role_Modet0204¢f
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operators. For example, in some balancing markets in Europe (e.g. GB) the balancing market is
operated by the TSO while the settlement of balancing energy and imbalances is done by a third party.

Second, in the EU, who takes up the role of the market operator dejks on the specific marketFor
example, wholesale markets are operated kghird -party) power exchangesSince the adoption of the

CACM GL, power exchange organizing creasnal trade in the dayahead and intraday market have

been labelled Nominated Electricity Market Operators (NEMOs)he CACMSL lays out a governance
framework of the market operator role in EU wholesale marketsForward markets consist of two

types of markets, namely future markets organized by third party power exchanges and ovethe-

counter markets.Long-term cross-zonal capacity rights between different bidding zones are traded

on the Joint Allocation Office (JAQ)a service company jointly owned by multiple TSOMarkets for
ancillary services and redispatch markets, are operated directly by the TSOs in Europe some
countries, the balancing energy and imbalance settlement task is t3ourced to a third-party
company. Recently, also European balancing platforms are being set up. In terms of the market

I DAOAOI Oh OEA wl AAOOEAEOU " Al AT AET C ' OEAAIT ET A j
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world, the institutional setting is different. In liberalised systems in the US, forward markets are
operated by competitive power exchanges or financial institutions. Thimdependent SystenOperator

(ISO) is in charge of the operation of the integrated spot (dayphead and realtime) and reserve

market with nodal pricing. The ISO also auctions the financial transmission rights.

(

Third, three arguments in favour of having a third party as flexiitity market operator are identified
and one argument againstA first argument in favour is that n the case of DSCss market operators
the know-how might not always be present irhouse to build up market platforms from scratch A
second argument in fawur is neutrality between buyers and sellers is ensured the market operation
function is taken up by a third party. A third argument in favour is that the platform will be
monopolistic if it is operated by anetwork operator (DSO or TSQ)while this is not necessarily the
caseif it is run by a third party. Note, fowever, that the market clearing itself will always be a
monopolistic function. An argument againsthaving a third party as a market operator is the cost of
interface management between the gd operator and the market operatot

In this regard, it is important to note that the degree of integration of the flexibility market with other
(existing) electricity markets has an impact on who can fulfil the market operator role=or example,

in the case both DSOs and the TSO use the same platform to procure flexibility or the flexibility market
is integrated in, for example, a local wholesale market, the neutrality among buyers is assured by
having a third party as market operator. On the other han@nd in the EU context, if the flexibility
market is fully integrated with balancing, it is likely that the market operator would become the TSO

as the balancing markets are operated by the TSO. If a DSO or multiple DSOs would take up the role
of the flexibility market operator, this might require stronger unbundling requirements and/or an
adjustment of theinstitutional framework .

Fourth, an analysis of different flexibility pilot projects (i.e.Piclo Flex, Enera, GOPACs and NODES)
shows that different solutions currently compete for the market.Such competition isbeneficial for
innovation and the learning curves for the different solutions Currently, all four platforms are
operated by third parties and have a virtual monopoly position in the regionthey are active in.
Moreover, the platformsare currently not strongly regulated. At this moment in time, it cannot be
said with certainty whether competition between different flexibility platforms will be beneficial in

the future. Certain is, however, tat the monopolistic task of market clearingwill in any case have to
be carried out under cooperation Otherwise, there is a risk thafragmentation of the market will lead
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to less liquidity andreducedcompetition. In the US exampleReforming the Energyisionin NYz see
Appendix), six DSOs jointly operate the platform.
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5.1.2 Prequalification

The prequalification process must be in place to ensure that a particular flexibility service provider is
actually capable of delivering a particular product. This corarns the abilities related to both, the
flexibility service provider and the flexibility resources contracted to it, on the one hand, and the grid
where the resources are connected to, where the flexibility service is to be delivered to and any
intermediate grid, on the other hand.

The former is ensured by product prequalification (sometimes also referred to as unit
prequalification), whereby it is checked whether the flexibility service provider(FSP)fulfils the
technical requirements for providing a product to a system operator. These requirements include the
maximum timespan from sending the activation signal to a full activation, the accuracy of the
activation (i.e., the activated amount must be within certain margins from the requested amount) and
potentially other parameters depending on the particular service and its related product. The
compliance of the flexibility service provider to the technical requirements can be established by
performing a prequalification test, whereby an activation signal issent to the flexibility service
POl OEAAO6O AOOAOO AOOEIT ¢ 1101 Al TPAOAOGET ¢ Al T AEC
In terms of flexibility service provision, it is important to note that in large part currently the most
untapped potential of flexibility resources lies in small unitswhich require aggregation to access
markets. The prequalification test in such cases can conceivably be done in both wayy testing the
aggregated resources as a whole or each individually. The distinction between these two methods can
clearly be seenn Figure 77.

S ———

Upper level control | :
| system :

| |

| |

| system |

| | | — T ______

| | | | —— 1
: Resource 1 Resource 2 | : Resource 1 : | Resource 2 :

| |
| | L L |
e e Test Test
(a) (b)

Figure 7: Testing of aggregated Reserve Unit (a) as a whole and (b) testing of individual
resources

Testing the aggregated resources as a whole has some clear advantages over the testing of individual
resources. Firstly, such an approach ensures that the testing process is less burdensome to the FSP,
as a mandatory requirement to test every individual reource could be seen as an entry barrier,
especially for FSPs which utilize a large number of small consumers (e.g., flexibilities on the residential
scale). Secondly, the first option is simpler and more streamlined also from the system operator point

7 Fingrid, The technical requirements and the padifjoation process of Frequency Containment Reserves (FCR),
https://www.fingrid.fi/gldalassets/dokumentit/en/electricityarket/reserves/appendixdechnicairequirements
andprequalificatiorprocessof-fcr.pdf
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of view. However, at the same time it is also generallyless reliable approach. Ultimately, the system
operators intending to procure aggregated flexibility resources should have the discretion to apply a
more thorough testing procedure if, for technical rasons, they deem it necessary.

The Guideline on System Operation (SO Gllays out principles for the prequalification process for
specificreserves, namely, FCR (article 155), FFR (Article 159) and RR (Article 16Ryditionally, this
guideline sets out he minimum technical requirements for each type of reserves. SO GL does not deal
with congestion management services, however, similar principles can be envisioned, whereby the
system operator who intends to procure flexibility for congestion management seices defines
technical specifications and requirements the flexibility service provider needs to comply with to
participate in the congestion management market. The testing procedure to be used also should be
devised by the procuring system operator. Howver, if the same flexibility assets can be used and the
flexibility service provider intends to use them to provide services to several system operators via the
same product, coordination between the operators should be in place to avoid having to repehe
procedure multiple times. Nevertheless, the product prequalification must be repeated either
periodically (the SO GL mandates at least within five years) or if notable changes to the technical
AAPDAAEI EOEAO 1T £ OEA £l Aihsheisihdveddcuredd OOEAA DOT OEAAC
The SO GL Article 182 more explicitly deals with prequalification for balancing resources connected
to the distribution level assummarizedin the EU Electricity Network Code%
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connected to the distribution level shall rely on rules concerning information exchanges and the
delivery of active power reserves between the TSO, the resereennecting DSO and the intermediat
DSOs. Each reseevconnecting DSO and each intermediate DSO, in cooperation with the TSO, shall
have the right to set limits to or exclude the delivery of active power reserves located in the
distribution system during the prequalification process. Reasons for limitation®r exclusion should

be technical, such as the geographical location of the reserve providing units and reserve providing
groups (SO GL, Art. 182(4)).

Further, each reserveconnecting DSO and each intermediate DSO can set temporary limits to the
delivery of active power reserves before their activation. Procedures need to be agreed upon with the
respective TSO (SO GL, Art. 182(5)). It is not decided yet to whom the costs of such an action should

be allocated. In Art. 15(3) of the EB GL it is stated that ead®O may, together with the reserve
AT11AAOET ¢ $3/ 0 xEOEET OEA 43/860 Ai1 0011 AOAAR
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Grid prequalification indeed is crucial for the proper and effective functioning of any flexibility
markets as well, because it is a process which ensures that the flexibility offered by a particular
flexibility service provider can actually be delivered without causing an ndesirable situation in either
of the involved grids. In this regard, the Active System Management rep&rtproposes two not
mutually exclusive ways of enabling more flexibility service providers being qualified:

8 Commission Regulation (EU) 2017/1485 of 2 August 2017 establishing a guideline on electricity transmission system
operation https://eurlex.europa.eu/legaiontent/EN/TXT/?uri=CELEX%3A32017R1485

% Schittekatte, T., Reif, V., Meeus, L., 201Bhe EU Electricity Network Codes (2019ed.). FSR Tech. Rep. 2.
doi:10.2870/188992

10 TSODSO Report. An Integrated Approach to Active System Management,
https://docstore.entsoe.eu/Documents/Publications/Position%20papers%20and%20reports/TSO
DSO_ASM 2019 190416.pdf
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1 Dynamic grid prequalification, where the posibility of grid access for flexibility resources is
re-examined at regular intervals;

1 Conditional grid prequalification, which grants improved grid access for flexibility resources
based on clearly specified criteria determined in advance.

Furthermore,thA ' 3- OADPI OO0 AAAEOEITAI T U OAAT I 1T AT AO OEAC
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OOEA DPOANOAI EEZEAAOCEI T Al 61 A OAEAE BOAMAEAR EIAIAT AU Ad

similar to what is explained inFigure 7.

The prequalification processes described in this chapter are aligned with these recommendations and
strive to expand on them. However, they are nevertheless described in a generally higirel so as to
serve as a common basis for conceivably diverse implementations.

Taking into account the overall process, an initiakcreen and product pre-qualification will be
necessary to verifythe generalperformance of the FSPEven though this process is called initial grid
and product prequalification, the qualification can be repeated on aetregular basisand whenever
the technical characteristics of the FSP tably change However, the qualification also needs to be
examined in case of possible activation. These qualification processén this report, are called
prequalification processes for bidslf we refer to an overall sequence diagramencompassing all tie
steps of the balancing and/or congestion management interactions, e.gigure 37, we can see that
the first step after agreement between flexibility resource ownersand flexibility service providers,
and the subsequent resource registration to the flexibility register is the initial grid prequalification.
The sequence of this process is described in the followirkigure 8.
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Actor b 7 7 Actor Actor
Fexl ||ty ] e . . Congestion TS0/DSO T50/DSO
rls!e;i'lg service Frleex;:!;}’ Smtg;en:g::’igtace management | | B:?fizgsg coordination coordination TSO [al:]s]
provider g markets {market) (technical)
Send netwnrkdata
Sign flexioilty cnntra& H H Send netwaork data
Register flexibility resource Request initial grid p ™
>
Resource Check if flexibility allowed in particular network area
registration/ ' '
Initial grid H H
prequalification l—
| | Calculate impact on the gnid (if necessary)
Send ini malgnd preq. result to FSP| Return mmalgnd prequalification result [
----------------------------------------------------------------------------------------------------- L]

Figure 8: Initial grid prequalification process sequence diagram

It is envisioned that this process should benefit from the utilization of two new entitieg a Flexibility
Register and aTSO/DSO coordination platform (or more generally, an SO coordination platform).
However, it is possible that the SO coordination function for prequalification purposes might also be
performed by the Flexibility Register. Some consideration regarding thisss well as a thorough
analysis of the possible functionalities and the full role of the Flexibility Register are elaborated in
AnnexFlexibility Resource Register Newertheless, the sequence diagrams in this chapter do presume
these as separate entities to better illustrate the role of the coordination function.

Coordination between system operators in carrying out the prequalification process is beneficial,
firstly, to avoid one system operator potentially causing issues to other operators, and, secondly, to

Al 01 OEIiPIEEREU AT A OOOAAITET A OEA DPOT AAOOAO EOI I
thorough coordination between operators, the prequalification pocesses should become more
efficient also in terms of speed and accuracy, which is especially important for implementations of
dynamic prequalification, e.g., to qualify bids.
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In regards to the initial grid prequalification process, the implementation of ti also can vary.
Nevertheless, the most important steps in a common general description are as follows:

1. With certain periodicity (or whenever notable topology changes occur), the system operators
send their network data to the TSO/DSO (technical) coordinimn platform. This data can
either contain the full information on network topology, line parameters, congestion limits,
forecasts from the operators (if the grid model calculations are to be performed within the
coordination platform) or less information, such as power transfer distribution coefficient
(PTDF) matrices, node capacities etc. The contents of the information exchange between the
operators and the coordination platform(or any entity performing the coordination function)
depend on the divisionof duties between them, e.g., where the grid models are calculated,
what information the individual operators are willing to share etc.

2. After an FSP registers new flexibility resources to the Flexibility Register, the Register issues
a request for initial grid prequalification to the TSO/DSO (technical) coordination platform.
This request should utilize the following information stored in the Flexibility Register (or
fetched from the data hub if applicable): Resource ID, Connection point ID, Voltage leyel
Locational information, connected SO ID, Type of resource (PV generation, CHP, heating load
etc.), Resource nominal capacity, Flexibility direction (load/generation reduction/increase,
both), Temporal availability, Maximum duration, Recovery time, Maximm downward and
upward flexibility, Rebound effect characteristics (if applicable: temporal, maximum rebound,
energy recovered, etc.)

3. In the simplest case, the need for exhaustive calculations for each new initial grid
prequalification request can be avoidd if the system operator has already determined in
which areas flexibility (in a certain direction) cannot be allowed under all circumstances and
in which areas it can always be allowed.e., akin to conditional grid prequalification wherein
the condition is the expected congestion status of the grid area where the flexibility resources
are connected in this idea is also in line with the traffic liht concept described in the note on
the Flexibility Register in Annex Flexibility Resource Registe)y. Thus, the initial grid
prequalification result in such cases can be returned after a simple check of the flexibility
resource grid location.

4. However, in the cases where thddxibility resource is not located in such a grid area where
flexibility (in certain direction) can be accepted or denied without more detailed analysist is
necessary to carry out an actual assessment of impact on the SOs griise methodology of
this assessment depends on the information the SOs have shared with the TSO/DSO
coordination platform.

5. The TSO/DSO coordination platform returns the prequalification result to the party issuing
the request (i.e., the Flexibility Register).

6. The Register storeshis result and notifies the concerned Flexibility Service Provider.

Oncethe flexibility resources have received the initial grid prequalification, the Flexibility Service

Provider can issue product prequalification requests to the markets where it is intested in
participating (conceivably, it can be done either directly or this can be delegated to the Single Interface

to Market Platform, which would simplify the process for the FSPs). The main general steps of the
product prequalification process are oulined in Figure 9. However, additionally to product technical
prequalification for participation in a particular marketplace, the FSP also must have established
contractual relations with the market operator, including posting collateral, if necessary. These
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including but not limited to by minimizing the number of actions nec®@ OAOU O AR OAEAT
side.
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Figure 9: Product prequalification process sequence diagram

1. The System Operatorgor, alternatively, market operators) define and publish the technical
requirements for participation in a particular market for satisfying SO needs (including data
exchange requirements, activation procedure, product specifications). These requirements
should be available to the TSO/DSO (tknical) coordination platform for more effective
product prequalification, especially if an FSP wishes to prequalify for several markets at once.

2. On the other hand, the FSP (directly or via a Sindleterface to Market!?) notifies the operator
coordination platform of their technical capabilities.

3. The Coordination platform evaluates the provided information. If it is insufficient for a
decision it can issue a request for additional information. If the provided information is
sufficient to establish that theFSP cannot provide the particular product, a denied product
prequalification can already be issued.

4. Otherwise, a data exchange and activation test is to be organized to ensure that in case of need
(and favourable market clearing) the flexibility resourcescan actually be activated and the
relevant data exchanged in sufficient quality.

5. Depending on the outcome of the test, the prequalification results can be issued to the FSP and
subsequently stored in the Flexibility Register. If the product prequalificatio process was
initialized for participation in several differing markets, the returned result should contain
prequalification decision for each of them.

The product prequalification tests can be repeated at regular intervals (e.g. at least each five years)
when the technical characteristics of the flexibility assets utilized by the FSP notably change or when
the technical requirements change. Additionally, if during normal market operation the FSP has failed
to correctly deliver the activated volumes eithe a certain number of times or exceeding a specified
margin of error, this can also be grounds to annuhe issued product qualification to the FSP and
require new tests to regain it.

111f a Single Interface to Market is implemented, it can notably simplify the product prequalification process for FSPs
who arewilling to participate in multiple distinct markets. In such case, this interface would issue product
prequalification requests to each of the markets on behalf of the FSP. Furthermore, depending on the product
requirements, a TSO/DSO coordination platfofpn more generally an SO coordination platform or any entity
performing such a function) can strive to minimize the prequalification tests that need to be carried out, for instance,
when the FSP can be prequalified for several products at once.
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Figure 10: Grid prequalification process for bids sequence diagram

Finally, after product prequalification is obtained, the FSP can use its flexibility resources to bid in the
markets it is qualified for. A dynamic grid prequalification process is envisioned in this report to be
initiated on the TSODSO coordination platform after bid collection (for any single particulaancillary
servicesmarket) for the purposes of increased liquidity2 and more accurate avoidance of potentially
negative effects caused by flexibility activations.

In Figure 10, the steps regarding this stage of grid prequalification are as follows:

1. The balancing or congestion management market (or more generally, a flexibility market)
collects bidsresponding to needs issued by SOs.

2. Once the bids are collected, the market forwards their information to the TSO/DSO
coordination platform.

3. The platform also requests/receives updated network information from the system

operators. The full extent of thisinformation depends on the division of duties and relevant

data/network model sharing between the coordination platform and the individual SOs.

However, compared to the initial grid prequalification phase, in this phase the permissible

calculation times might be significantly smaller due to the nature of some of the types of

ancillary servicesmarkets.

The Coordination platform aggregates the bids to their respective nodes.

An assessment is made on whether activation of all the aggregated bids could cause issues to

the grid of the SO where the flexibility resources are located, or to other involved grids.

Initially this process can be conditional, i.e., by knowing in advanaghere the grid is strong

enough for bids in a certain direction to always be approved, or weak enough to always be

denied. For the cases hbetween, where the impact of bids on the grid can vary over time or

based on a number of factors a more thorough ahais is required.The coordination platform

ok

12 The posibility to assess the impact of potential bids on the grid dynamically (e.g., before each market clearing)
would increase overall liquidity by allowing the initial grid prequalification criteria to be laxer and thus less flexibility
resources being outtig rejected.
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could calculate this with significant precision by estimating the posactivation state of the
networks if it has data on the network topology, line parameters, load forecasts etc., however,
there are two significant drawbacks to such an approach: (1) it is potentially too time
consuming, (2) the SOs might be unwilling to share overly detailed network information.
Alternatively thus, the SOs could calculate the practivation operating states irhouse prior

to the closing of the concerned flexibility markets, obtain the related Jacobians, PTDF matrices,
identify the available capacities in each node, forward this information to the TSO/DSO
Coordination platform which would then only have to do simple comparisongo find if
congestions could be caused by flexibility activations.

Nevertheless, a number of configurations between these two extremes is also possible. For
instance, the SOs could share PTDF matrices, initial line flows, node voltages and congestion
limits with the TSO/DSO coordination platform, which could then utilize the PTDF matrices
to calculate network states in cases when all flexibility bids are activated. This approach does
still have the issue of being an approximation (a linear model), but dhe same time it is
significantly less computationally expensive than full load flow analysis.

Ultimately, the grid prequalification process implementation can in either of these cases
benefit from the TSO/DSO coordination platform (the processes as detsd in Figure 10 allow

for any of these implementations). However, ultimately the separation of the functionalities
between SOs and the coordination platform, and the agt methodology for bid impact
analysis is a tradeoff of the level of confidential information sharing, computational time and
accuracy of the prequalification process.

6. Regardless of the approach selected for the congestion analysis, if it concludes vidkbntified
AT TCAOOEIT EOOOAO AAOOAA AU OEA &I AGEAEI EOU
removed from the aggregated bid list. At this point, stages® can be repeated (if necessary),
removing bids oneby-one until the remaining bids no bnger cause issues to the grid. If
technically feasible and allowed by the FSP and market operator, an FSP portfolio of
aggregated resources can be qualified/disqualified also partially.

7. Once the condition for the iterative process to end is met (ho moreongestions), the
prequalification results are sent to the market, which can disqualify the bids which were
denied during the iterative prequalification process, and combine the remaining bids into a
Merit Order List (or forward them to a party which formsacommon MOL for market clearing.

It should also be pointed out that even if the flexibility bids do not cause any negative issues to the
grids during the activation time, it is possible that due to the characteristics of the rebound effect
particular resources congestions in the grids could be expected once the activation time is over. There
are generally three solutions to this issue: (1) permitted rebound characteristics could be part of the
product specification for congestion management, therebyllawing the SOs to limit participation by
resources with excessive rebound effect, however, this approach would harm the overall market
liquidity; (2) the rebound effect could also be taken into account during the grid prequalification of
the collected bids, thereby disqualifying those bids which at those particular times could cause
congestions; (3) alternatively, the rebound effect can be taken into account in the congestion forecast,
thereby enabling the affected SO to purchase congestion management $&2% as necessary in the
respective time to alleviate the rebound. However, the latter would obviously not be an effective way
to conduct congestion management from the SO point of view. Thereby the best option seems to be to
consider potential issues caued by the rebound effect during the grigorequalification of the collected
bids. Either way, this signifies the necessity for the flexibility register, as if it were to store information
about the flexibility resources, including their rebound characterisics, this would allow for increased
market liquidity by not outright disqualifying rebounding assets, instead utilizing this information to
evaluate their permissibility on a case by case basis after bid collection.
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5.1.3 Settlement

If the product and initial grid prequalification take place in the beginning of the overall balancing
and/or congestion management processactivities related to settlement conclude it. Indeed,
according to the ASM report, the various phases in the overall process are as follows:

5. Measurment

2. Plan/ 4. Monitoring & & Control of
Lo P el Forecast 8. Market Phase Activation Activation &
Settlement

Figure 11: Phases of the overall congestion management process

Ascan be seen fronFigure 11, the settlement function is closely connected to themeasurement and
control of activation (i.e., validation) functions. Furthermore, when discussing settlement, in practice
there are at least two interlinked yet sufficiently distinct processes: Imbalance settlement and
Financial settlement of trades. Sequee diagrams containing the most important steps of these
processes are summarized ifrigure 12.

L Lok

Actor Actor

T50/DS0 TS0/DSO

coordination  coor dination [ TS0 ][ Dso J [ ISR ] [ Datahub J
(market) (technical)

Congestion
management ‘ ‘
markets

or

Flexibility
service

provider

Flexibility | |Single interface Balancing
register

gist: to market

Flexibility
resource

Send metering information

Imbalance
settiement - | | Send metering information

; ; Send DSO imbalance setiement resuils
Calculate baselne ; : p !

' : Send realized volumes o
Send realized volumes : : i

Financial |
seftlement ! Send bl for the trades
Send reimbursement for the trades T

Send bill for the frades

Send for the trades

Send reimbursement for the trades | | ‘Send bill for the trades!

Figure 12: Sequence diagrams of thelmbalance settlement and Financial settlement processes

It should be noted that, within the example provided in the diagrams dfigure 12, those are trades
from the Corgestion Management marketwhich need to be settled, however, the corresponding
sequence ofsub processeds detailed in such a way as to be sufficiently generalizable and common
for various types of ancillary services market setupsk-urthermore, the necesary precondition of
settlement is that the market has been cleared and the market operators have sent the trading results
to the trading parties (FSPs, SOs), either directly or via intermediaries like a single market interface,
flexibility register and/or TSO/DSO coordination platform.

The Imbalance settlement process startsometime after the corresponding bid activations and the
further sequence of events follows this structure:

1. Metered Data Collector, which is a party responsible for meter reading and quality control of
the reading, sends metering information to a Metered Data Responsible, which is a party
responsible for the history of the metered data for a Metering Point. Inrpctice, this most
often means that a system operator (e.g., the DSO for distribution connected resources, as in
Figure 12) forwards the metered data to adata hubfor long-term storage and sharing with
other authorized parties as necessary.

2. Afterwards, the data hubforwards the metering data to a Flexibility Register. It is envisioned
that the Flexibility Register should already hold detailed information regarding the Eibility
Service Provider and the Flexibility Resources it utilizes, from the prequalification processes,
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and information about cleared trades involving the particular FSPreceived from the
respective Market Operators or Interfaces to markets.

3. Utilizing the historical metering information, metering data from the particular Imbalance
Settlement Period (ISP) and a commonly agreed baseline methodology, the Flexibility Register
may calculate a baseline and use it to establish the amount of flexibility (e.geegy) delivered
as a consequence of the activation signal.

Alternatively, in case the schedule of the Flexibility Resources is known in advance, baseline
calculations are not necessary and the amount of delivered flexibility can be verified by
comparingthe scheduled and metered profile of the resources.

Nevertheless, definition of a trustworthy baseline methodology is an issue of most significance
in terms of flexibility market development and facilitation of flexibility resources for system
services provision. The Baltic TSO8 in their proposal on a harmonized independent
aggregation model pointed out that the baseline methodology should have four most
important characteristics: accuracy, simplicity, integrity and alignment.

4. Once the amount of flexibiliy activated (i.e., realized volume) has been determined, this
information should be sent to the Imbalance Settlement Responsible (ISR) party.

In general, the role of the ISR is often assumed by the respective TSO, however, there is also
the possibility that this role can be performed by another party. For instance, in the Nordic
countries a third party (jointly owned by the Swedish, Finnish and Norwegian TSOs), eSély,
handles the role of the ISR. Although it should be noted that national regulations
nevertheless still ultimately stipulate that each national TSO holds the ultimate responsibility
for balancing operations and imbalance settlement.

5. Depending on the specifics of the particular system service and rules surrounding
independent aggregator impementation (if applicable), the ISR performs imbalance position
adjustment to the involved Balancing Responsible Parties (BRPSs). In the case of independent
aggregation, the ISR must have methodology in place to correctly and fairly discern the
imbalances br which the BRP of the Supplier of the respective flexibility resource holds
responsibility and those for which the BRP of the Flexibility Service Provider should be
responsible (due to, e.g., nodelivery of all activated flexibility). Furthermore, deperding on
the national implementation of the new Directive on Electricity Market$, a Transfer of
Energy (ToE) proces® (not portrayed in Figure 12) might need to be envsioned to ensure
fair compensation between the Independent Aggregators and Suppliers. Preferably, this
function should be delegated to a third party, e.g., a TSO or the same entity holding the ISR
role. Moreover, the disaggregated flexibility datasupplied should not be exposed tauppliers
(or their BRPs) to ensure confidentiality of the FSPs portfolio.

BEl ering AS, Augst spr i Degandrasponsg khilowgh ay@egatiariiatmgnizeddappro&:h

in Baltic region. Concept proposal.
https://elering.ee/sites/default/files/public/Elektriturg/Demand%20Response%20through%20Aggregation%20%20a
%20Harmonized%20Approach%20in%20the%20Baltic....pdf

14 Nordic Imbalancesettiement Handbook. Instructions and Rules for Market Participants.
https://www.esett.com/wpontent/uploads/2019/05/NBSandbookv2.3.1.pdf

15 Directive (EU) 201944 of the European Parliament and of the Council of 5 June 2019 on common rules for the
internal market for eldricity and amending Directive
2012/27/EU https://eurlex.europa.eu/legadontent/EN/TXT/?uri=CELEX%3A32019L0944

16 USEF: Workstream on Aggregator Implementation Models.
https://www.usef.energy/app/uploads/2017/09/Recommepdacticesfor-DR-marketdesignr2.pdf
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In regards to the Financial settlement process, the stepg3 of the Imbalance settlement process also
hold true. The difference is in step 4, wheaby for Financial settlementpurposes information on
realized volumes is insteadransmitted to the respective Market Operator Figure 12).

Depending on the rules emplyed by the respective Market Operator foreach product, failure to
deliver volume of flexibility in accordance to the accepted bid can incur direct penalties to the F3P.
not, the FSP (or rather its BRP) is indirectly penalized through the Imbalance #etment.

However, in either case, the Market Operator must invoice the parties procuring services (i.e., the
system operators) and reimburse the parties selling the services in its market. In the sequence
diagram portrayed in Figure 12, the bills to the system operators are distributed via the TSO/DSO

market coordination platform. This is particularly relevant for such market setups, where the usage

of the same flexibilty bid can be utilized in meeting the needs of more than one system operator.

On the other hand, the FSPs igure 12 are reimbursed via the Single interface to marketplatform.
Although, of course, if such an interface is not being used, the market operator can reimburse the FSPs
directly. Finally, the last process in the sequence diagram is the FSP (i.e., Resource Aggregator)
reimbursing its utilized flexibility assets (i.e., Resources). However, the existence and the typad
extent of this reimbursement entirely depends on the contractual agreement between the particular
asset owners and aggregators/FSPs. In some cases, some minimum level of compensation might also
be stipulated in national legislation.

In summary, both the prequalification and settlementprocess playvery important roles in the
successful functioning of any ancillary services markets, but even more so if these markets strive to
also utilize distributed flexibility resources. While these processes are somewhat sufficiently defined
for the existing, mature balancing markets, the emerging congestion management markets are more
diverse in their implementation, particularly in regards to their approach tobaseline definition. The
deliverable D2.47 of the INTERRFACE project contained extensive Q&A with four pioneering
flexibility markets: Piclo Flex, Enera, GOPACS and NODES, which was later further expanded. The
results of that also contained comparison ofthe prequalification and baseline definition (for
settlement) approaches employed by these markets.

All projects have a prequalification procedure. In almost all cases, the prgualification is done by
the connecting SO, i.e. the system operator to whidhe flexible asset is connected. The pre
qualification procedure is in most cases similar to the procedure in place to obtain access to balanc|ng
markets.

Over all the four projects, there is no harmonized approach in calculating the baseline. UKPN
describes the use of a baseline methodology based on representative historical data when activatjng
flexibility. GOPACS currently makes use of the transport prognoses-pfognosis), i.e. flexibility
providers have to communicate dayahead schedules that serve asaselines. The applied baseline
method in Enera and NODES depends on the connecting SO and technology. For example, therg can
be a different baseline method for renewable generation than for demand response. Setting [an

adequate baseline is a difficult tals, more discussion can be found in Rossefto

17 Schittekatte, T., Reif, V.Nouicer, A., Meeus, L., 2019INTERRFACE project: review of D2.4 regulatory
framework

BUKPN (2018), O6FI| exntoTender2y0 1Be/riwWiébces I nvitatio

Rossetto, N. (2018), 6éMeasuring the intangible : an
| oad i n HlicywErief 20E80R
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A comparison of the pioneering markets regarding these issues is presented in the table below.

Table 6: Overview of a selection of design choices beyond flexibility markets

Piclo Flex Enera GOPACS NODES
1st auction ( cleared Satus in Satus in Satus Norway
Dat 15/05/2019), September 2019 September 2019 pilot in September
ata flexibility procured based on based on 2019 based on
by UKPN interview interview interview.

Pre-qualification

Yes, done by the
connecting DSO

Yes, done by the
connecting SO

Yes, done byhe
connecting SO

Yes, collaboration

between NODES

and the connecting
SO

Baseline

Default baseline is
based on
representative
historical data

Depending on the
connectingSO and
technology

T-prognose
(schedule
communicated D1
by flex provider)

Depending on the
connecting SO and
technology
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5.2 Separated Congestion Management and Balancing
Market s

5.2.1 General Description of the market

The congestion management market separated frorthe balancing market can be implemented in

three different ways including options 1A, 2A, and 2B as shown in the followiri§jgure 13. The aim is

to analyse the mentionedmarket structures for CM of DSOs and TSO. A market structure based on
option 1A includes three different market processes meaning that three Merit Order Lists (MOLS) are

Al Ol AA £l O $3/06 #-h 43/860 #-h AT A AAIl épticABH ¢ OA
contains two market processes, including a market for fuljntegrated DSO & TSO CM and a separate
market for balancing. The market option 2A is similar to 2B with the difference that in 2A, the MOL

Al O $3/ 08 Al A 4-Bitegha@d2%but ovErappihgr. @0 AEDG TAIOOOI AA OEAO $
coordination to build a market platform will most probably be offully -integrated kind if they wish to

make a single CM market useful for both of thenTherefore market option 2A is excluded from furthe

analysis andmarket options 1A and 2B will be scrutinized and compared in the following sections.

CMseparated from CMcombined with CM fully integrated
other markets other markets over in other markets
subsetor by
overlapping MOLs

TSO&DSO
Combined by subset
or overlapping

TSO & DSO fully
integrated

Figure 13: Market Options in Separated Markets

Since CM and balancing markets are completely separated in both market options @w#d 2B), some
preventive mechanisms should be put in place to avoid adverse interactions of markets. One possible
option is to utilize time-sequential integration where the opening and closing of markets are
coordinated mostly based on the needs of markedarticipants especially flexibility buyers. Here are

20 One MOL is formed for DSO and TSO CM

21 Two MOLs exist for DSO and TSO CMut bids from one MOL can be procured by another system operator
(interchangeable bids).
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listed some alternatives for the sequences of the markets from shetérm CM viewpoint. The diagram
14 demonstrates various implementation ways of shorterm CM market including market option 1A
and 2Bstressing that market option 1A can be implemented in three different ways including :41),
1A-(2) and 1A-(3). Market option 1A with three different implementation ways and market option 2B
will be discussed in the following:

Market option 1A

The idea ofhaving shortterm CM markets parallel with the intraday market is that the market
participants are aware of their position (based on dayahead market results) when the intraday

market is open. For instance, grid operators by employing their grid tools, wita relatively high
AACOAA T &£ AT 1T £ZEAAT AARh AAT DPOAAEAO OEAEO 1T AOxT OEC
volumes in the dayahead market. Now it depends on how shotterm CM management market is
constructed for DSOs and TSO which is the tiopof discussion in the following.

DA market ID market

il : DSO CM TSO CM

DA market ID market

< 2 | TSO CM DSO CM :

DA market ID market

3 TSO CM

DSO CM

DA market ID market

Fully-integrated DSOTSO CM
markets

2B
[EEN

- 5
[200] [555]

Figure 14: Sequential integration of CM markets into existing markets

The market structure, according to 1A(1) defines that the shortterm CM market starts with DSO and 5
later followed by TSO inatmeOANOAT OEAT [ AT TAO8 )1 1T OEAO xi OAOh
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in terms of opening and closing time frames. Theopenth 1 £ OEA $3/ 086 #- AT A )
proposed to be simultaneous at 15:15. Once the DSO CM market is open, based on the day ahead

i AOEAO OAOGOI 66h xAAOEAO &I OAAAOGO AOA $3/ 80 COEA
throughout the network. The predicted congestions in the form of flexibility need requests are
forwarded to the DSO CM market to inform flexibility providers about the current needs. After
receiving flexibility offers and filtering the bids through the grid prequalification, a MOL for the use of

DSO is created. The DSO selects the cheapest bid and informs the CM market about that at 17 o clock.
In the market structure 1A-(1) shortly after DSO CM closure, the TSO CM market is opened. A similar
process happens in the TSO CMarket. As shown in the diagram above, it is proposed that the TSO

CM market is closed at 22 when the flexibility buyers are informed about the market clearing results

by the market operator. The CM market based on market option 1@) prioritizes the TSO @1 unlike

market option 1A-(1). Since crossborder coordination is needed in TSO level and the timing of the
market option 1A-(2) does not genuinely comply to that, the market option 1A2) is not a viable

option, however, theoretically, it is possible to hve a market structure according to 1A2). Regarding

the market option 1A-(3), both DSOs and TSO CM markets operate parallel providing an equal chance

for grid operators to access their desired flexibility. In below, the pros and cons of three
implementation ways of market option 1Awill be presented.

Whenever the CM market of DSO and TSO are separated, the product design becomes more flexible,
OAElI AACET ¢ OEA A@AAO TAAAOG T &£ $3/0 AT A 43/-ET A
integrated CM market. Since the product design becomes more localized (in DSO level), then low entry
barriers for small local market parties (aggregators) are expected. Besides, if a product requires some
amendments, it can be done without mutual interactions becausef separated governance over the

#- [ AOEAOO8 &O1Ti A 43/80 DAOOPAAOEOAR OEA #- Al
more precise indication for future investments of transmission systems.

One of the downsides of having separated CM marlsefor DSOs and TSO is that CM of one grid
operator can cause congestion for an involved grid operator. Such a scenario usually happens for a
COEA 1T PAOAOGI O OEAO EOO #- 1 AOEAO EO Al T OAA AEAA
market option 1A-(1) and TSO in 1A(2)). Therefore coordination is vital between local CM markets

and TSO CM market. Another noticeable point is that a grid operator may feel uncertain about the
adverse effects of the upcoming CM market trades for its network. Thereforegad operator with an

earlier gate closure time may procure extra flexibilities to have a larger margin of operation, which

may lead to unused flexibility and higher CM costs. For instance, DSOs in market optior(1Amay

procure extra flexibilites for OEA OAEA 1T £ Al i AT OAOET ¢ bPi OOEAI A A
its CM market. The mentioned problem is less probable in market option 1) as the traded volumes

for DSO CM are often less than the amount that can cause congestion for TSO. As ardifaalvantage

of having separated CM markets, due to having different bidding systems, extra interfaces are needed
which is not favorable from IT and communication perspective.

Apart from the general advantages and disadvantages which are expected frdme imarket structures
where DSO and TSO CM are separated, there are some aspects specialized to each implementation of
market option 1A, which will be discussed in the following paragraph.

In market option 1A-(1), since the DSO CM is served first, it seerttsat DSO CM receives more
flexibility compared to TSO CM in contrast to 142) where TSO is served first. In other words, DSOs
in the market option 1A-(1) receive the most local flexibilities leading to higher liquidity for DSO CM
markets. From TSO perspdive, since each TSO of member states, require to coordinate with all the
nearby TSOs regarding the crosborder capacities and congestions, the idea of market option 1A)
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better supports the crossborder coordination needs compared to 1A2) because claure time of TSO
CMinmarketoption1Aj p Q@ EO AO ¢¢ DOIT OEAET oordet cootpaionOET A Al
Regarding market option 1A(3), it receives the mentioned benefits of separating CM markets for

DSOs and TSOs. Regarding the deficiencies, agdeampacts of the flexibility trade of one CM market

on the previous CM market still exists in a similar way in 143) because CM markets of DSOs and TSO
function at the same time and the grid operators are not fully aware of the traded flexibilities in a
DAOAT T Al #- 1 AOEAO AOPAAEAI T U EZ£ bPOI PAO AT T OAEI]
standpoint, bid optimization and coordination of flexibilities are more difficult when there are two

open markets for CM that can be a reason for conserwa bidding in the CM markets to stay on the

safe side and therefore finally leading to less liquid CM markets. Besides, if proper coordination is not

in place, grid operators may end up competing with each other for procuring flexibility of a resource
leading to high CM costs. Also, competition in CM markets in its negative sense (without coordination)

may lead flexibility buyers to sign longterm flexibility contracts with aggregators meaning that
flexibility is locked and not used dynamically where it ceates the most benefit.

Having said the argument above, if DSOs and TSO decide to sepsttatir short-term CM marketsthe
market design based on option 1A1) serves their needs bettercompared to 1A(2) and 1A(3).

Market option 2B

A market design basd on market option 2B includes one market process and MOL for both DSOs and
TSO CM. Flexibility procurement is dependent on how the coordination and agreement between
different buyers are made. The situation falls into two categories depending on the dirian
(upward/downward) of flexibility need at a certain congestion area. If both DSO and TSO have
flexibility needs in the same direction (whether upward or downward), then coordination is much
easier compared to the situation that their flexibility needsare in the opposite direction. In the latter
case, the coordination can be such that TSO may choose a flexibility resource in another location
where there is no local flexibility need, given that another location can have the same positive effect
on the cangestion. The price difference then should be agreed to be shared between the DSO and TSO.
As there is one market process, if proper coordination is in place, concerns of grid operators regarding
adverse impacts of trades in upcoming (1A(1), 1A(2))/parallé (1A(3)) CM markets are eliminated.
Besides, due to having one market place, coordination between DSOs and TSO is easier in this market
structure. Another positive aspect of the CM market according to market option 2B is that one gate is
introduced for CM, which facilitates the market participants bidding and most probably increases the
liquidity. Also, from information technology (IT) and communication viewpoint, it is easier to have
one platform compared to market option 1A where there are two CM markgtlatforms.

One downside of market structure 2B is about product design. It should be agreed between DSOs and
TSO, which is not easy because their needs are not on the same scale (i.e., MW, kW etc). In fact, product
design is a compromise that just takes o account the most critical needs of grid operators and skips

the insignificant ones. Besides, as the needs of grid operators change over time, the agreement on the
product parameters should be repeated periodically, which is time and energgonsuming beause,

as mentioned before making an agreement on product design that suits everyone best is not easy.

The above argument has clarified the various aspects of both market options 1A and 2B so far. Since
DSO/TSO coordination is highly necessary irrespectivaf the chosen market model, it seems that all
the efforts in constructing the coordination pay off better when the effort is made once to construct
the fully-integrated CM market (market option 2B) compared to the situation that coordination
between market platforms to avoid interaction is done before buying each bigeparately (market
option 1A). Besides, market option 2B facilitates participation of FSPs in flexibility provision and has

Pageb2 of 138



) D3.2 Definition ofnew/changing requirements for Market
Designs
INTERRFACE

higher liquidity because of providing a single entry gate for CM. Ehefore, from now on in section 5.2,
the focus will be on shortterm CM market design of the option 2B. Figure 14 demonstrates the
proposed market design for fullyintegrated DSO/TSO CM markets including shoterm and
operational CM markets.

| D marke |
: : Fullyintegrated DSOTSO :
: : short-term CM market
N : . L

Fully-integrated DSOTSO Fully-integrated DSOTSQ
operational CM market -operational CM market
(Reservation : (Activation)
Fully-integrated DSQOTSO Fully-integrated DSOTSO
long-term CM market | : long-term CM market
(Reservation (Activation decision :
: : § 22:00 : g
Year ahead 12:00 1515 00:00 Realtime

Figure 15: Sequential integration of CM

5.2.1.1 Market goals

The initial goal of CM markets is to ensure the secure operation of the network within technical
boundaries (e.g., voltage, current, etc) in both TSO and DSOelsvand moving toward flexibility

OOEI EUAOEIT & O 1 POEI EUAOGEITT 1 £ OE Aahdad<iuaiiomsc O 1 E
the grid to avoid occasional congestion and optimize the operation of the grid. If congestion is
predicted to occur repetitively, then grid reinforcement or long-term congestion management is

needed instead. Secondly, the markets target to utilize the utmost capacity of the existing networks

which is essential from a socioeconomic perspective. This can be realized by iresiag the hosting

capacity of grids for renewable energy sources, demand response, new loads like electric vehicles,

heat pumps, etc.

Unlocking and utilizing the flexibility for the benefit of customers, flexibility providers, BRPs, and
network operators is counted as another goal of CM markets. Markets of shdagrm and operational
congestion management should take care of unlocking flexibility from distribution grids to all possible
markets where flexibility may be traded, ensuring the business case otagkeholders especially
flexibility providers and BRPs.

Earning the trust of all stakeholders is a general goal of CM markets by providing a transparent
flexibility validation, trading, verification, and settlement along with having an easy to use market
platform where flexibility providers and buyers can readily meet their needs. For instance, when it
comes to a situation that a grid operator is evaluating the available and viable options for congestion
management, a liquid and reliable CM market may be @ferred to other existing congestion
management alternatives (i.e., technical solutions).
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5.2.1.2 Services

CM markets include the shorterm, operational and longterm services. Regarding the shofterm
service, once the grid operators are aware of positions ohergy market actors (e.g., BRPs) in the day
ahead market, with the utilization of their grid tools, they can predict upcoming congestion for the
day ahead. Consequently, the sheterm CM market is the marketplace where flexibility needs match
scheduled regprofiling (SRP) bids of FSPs. SRP is described as the obligation of the flexibility to modify
the demand or generation at a given time for the benefit of flexibility buyers. Therefore, flexibility
buyer should be sure enough to participate in the shorterm CM market as procurement of SRP
product entails activation of it.

Operational service can be used whenever a grid operator is not completely sure about upcoming
congestion. In this situation, a conditional reprofiling (CRP) product is used. CRP is used as when the
flexibility seller must have a capacity to satisfy theraded flexibility with a specified demand or
CAT AOAOGEITT bDOT £ZET1 A I 1T AEEAEAAOQOEIT AO A CEOAT DPAOEI
request in reaktime.

For the flexibility needs which can be foreseen a year ahead, the letegm CM marketis used. The

grid operators assess the outlook of the flexibilty needs basing on the scheduled
maintenance/construction plans, the seasonal hosting capacity (HC) changes of the grid, expected
load/production changes etc. The longerm service is similarto what is explained for operational CM

with differences that the capacity reservation is done once a year, and the activation decision should

be made a day ahead of the regilme operation. The three services above enable flexibility buyers to
participate in CM markets according to their needs and level of certainty.

5.2.2 Market Parties

The following parties involved in CM markets are well described in thdéarmonised role model
available in the appendix of this document.

- Balance Responsible Party
- Balance Suppkr

- Balancing Service Provider
- Merit Order List Responsible
- Producer / Consumer

- Resource Aggregator

- Resource Provider

- System Operator

- Market Operator

Depending on how the proposed market structure (market option 2B) is implemented in practice, the
following market parties can be understood as a role or functionality. The aim to explain them here is
to facilitate understanding of the market process in section 5.2.3.1.

Flexibility register

The information related to characteristics of a flexibility resource (g3., amount of flexibility (kW),
locational info (e.g., postal code or locational information with better resolution), up/down regulation
capability, etc), initial grid prequalification results, product prequalification results, metering data of
previous flexibility activations exist in the flexibility register system. In addition, baseline calculation
is proposed to take place in the flexibility register. More information about the flexibility register
available in the appendix.
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Fully -integrated CM market for DSO and TSO

A market place as a result of a synergy between DSOs and TSO for CM aims to form one MOL for CM

in both distribution and transmission levels according to market option 2B. The market receives bids

from flexibility providers and matches them with the needs of grid operators. The market operator
publishes the clearing results to involved stakeholders and all market participants for transparency
reasons. Based on the realized volumes of flexibility activation, in the settlement process, therked

I DAOAOT O &£ OxAOAO OEA AEI 1T AT A OAEI AOOOGAI AT O 0OI C
TSO/DSO coordination (technical)

The TSO/DSO coordination (technical) is responsible for initial grid prequalification, product
prequalification, harmonizing, and stacking the flexibility needs of grid operators and grid
prequalification.

The technical platform adds network data to the data that the FSP has already provided to the
flexibility register in the initial grid prequalification phase. In other words, the network data which is
absent in the flexibility register are added by the technical platform in the initial grid prequalification
phase in order to clarify where the resource has been located in DSO and TSO network in order to use
these datalater in the market process. For product prequalification, the technical platform is used to
test the flexibility product of flexibility provider to make sure that the flexibility provider can deliver

its offered product in a real scenario.

Different approaches can be used for grid prequalification in the market process in order to assure
that flexibility activation of a bid does not cause a problem for another grid operator. Using the
sensitivity matrix is an accurate and dynamic method of grid prequalifation; however, due to the
cumbersome features of sensitivity analyses especially for large and meshed networks, static methods
such as nodewise capacity can be used for grid prequalification.

Another responsibility of the technical platform is harmonizaton and stacking of the flexibility needs

of grid operators in such a way that the final flexibility needs along with its technical parameters can

be forwarded to the TSO/DSO coordination (market). For instance, it might be so that the flexibility
need ofa DSO at a particular location coincides with the need for TSO. Therefore, both needs can be
merged. In contrast, the opposite needs of a DSO and TSO can be addressed if TSO chooses another
location belonging to a nearby DSO for flexibility procurement beeise the flexibility need of TSO is

less locationdependent than a DSO.

TSO/DSO coordination (market)

The grid operators need to participate in the CM market as a flexibility buyer. Therefore their
flexibility needs available in the technical platform should be translated to be usable in the CM market.
According to the predefined products (SRP, CRP), flbitity needs are transformed into the format
required in the CM market so that the CM market can publish the needs to FSPs.

5.2.3 Market structure

5.2.3.1 Market Processes

The whole operational CM process based on the market structure 2B has been proposed in the
following figure.
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Figure 16: Proposed sequence diagram of operational CM market for DSO/TSO

Regarding the above diagram, it can also be applied for shadgrm CMif the activation part is omitted.
The figure involves different stages including flexibility aggregation and registration, initial grid
prequalification, product prequalification, CM of DSOs and TSO, grid prequalification, CM market
clearing process, fleiility activation, monitoring and validation, baseline calculation, and settlement.
Each of the stages above will be shortly explained in the following paragraphes

Once the flexibility aims to participate in the CM markets, it needs to be registered ine flexibility
register system. The flexibility register sends a request to TSO/DSO coordination (technical). The
technical platform then informs the flexibility register about the results of initial grid prequalification.
A similar process needs to be acenplished for product prequalification. To do so, the FSP sends a
product prequalification request to the operational CM market. Once the flexibility resource is tested,
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