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AboutOna\et

The project OneNet (One Network for Europe)l provide a seamless integration of all the actors in the
electricitynetwork across Europe to create the conditions for a synecgiperation thatoptimizes the overall
energy system while creating an open and fair magtaicture.

OneNetA & Fdzy RSR G(KNRdzZIK (GKS 9! Q& SAIKEG{EKDSOKdNIUSEr:AdNge t NP I N
scale demonstrations of innovative grid servidhsough demand response, storage and srksathle (RES)
ISYSNI A2y é | YR NBAELR YRaNDIZY 2 K& AOFHGES GNBdarit t RRASHYAD | T dizd2déN.

Asthe electrical grid moesfrom being a fully centralized to a highly decentralized system, grid operatwes

to adapt to this changing environment and adjust their current business model to accommodate faster reactions
and adaptive flexibility. This is an unprecedented challenge requiring an unprecedented soltisproject

brings together a consortium of oveeventypartners, including key IT players, leading research institutions and
the two most relevant associations for grid operators.

The key elements of the project are:

1. Definition of a common market design fdurope: this means standardized products and key
parameters for grid services which aim at the coordination of all actors, from grid operators to
customers;

2. Definition of a Common IT Architecture and Common IT Interfaces: this means not trying to create a
single IT platform for all the products but enabling an open architecture of interactions among several
platforms so that anybody can join any market across Europe; and

3. Largescale demonstrators to implement and showcase the scalable solutions develbprdyhout
the project. These demonstrators are organized in four clusters coming to include countries in every

region of Europe and testing innovative use cases never validated before.
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Executive Summary

The future power system must become increasingly flexible to accommodate the growing use of renewable
energy sources. Flexibility will enable the power system to adapt to changing conditions, such as fluctuations in
demand and supply, éneme weather events and grid outages. As energy demand continues to grow, integrated
and scalable markets will be essential to support the transition to adaslon, sustainable energy future.
Integrated markets allow for a greater degree of competitenmd efficient use of resources across a wider
geographic area. Furthermore, scalable markets can accommodate the inclusion of new participants and
technologies without disrupting the overall system, thereby ensuring that the market remains efficient over

time.

In the light of this situation, th©neNet project aims to design efficient, integrated, and scalable markets
enablingDSOs and TSOs to procure system serwbés offeringseamless coordination between all the players
within and across countriesVithin the framework of markets, we defir@2 2 NRAY F GA2y & &b tf |
LINPOSaasSa o0SGsSSy YIENJSGO FTOU2NREéT FYR AYGSaANIrdGAaAzy
G§SOKy2t23aA84as TtSEA0f S AasidrSandcdondiRatiol bf MdaretecanLBringli A O A LJI
various benefitssuch asmaximization of welfare, increased reliability, operational secusihd stability,
ensuring sufficient market liquidity and competitiofthe missing components needed to build integrated and
fully coordinated marketgan help policy makers and market participants to implement strategies to overcome
the barriers and improve the functioning of marketsis would also help ensure that the market is developed

in an inclusive, equitable and efficieniamner.

Fully coordinated and integrated markets need todigodesigned in a sustainable wagcause the future
of energy depends on transitioning to a laarbon economySustainable market desigensureshat adequate
capacity is available in the lobgrm by providing investment incentives ensuring security of supply. Moreover,
sustainable market design guarantabat energy and flexibility are made available in an efficient virggluding
that markets are sufficiently liquid, catefor sufficient conpetition and accessible to all participants
Additionally, sustainable market design increases market penetration of RES, thus assistingemi<son

reduction. Bringing all these aspects together results in a welfare increase of EU citizens.

The Europan Union's efforts to integrate electricity markets hase farmainly concentrated on well
established segments such as crbssder capacity allocation, deghead, intraday and balancing markets. In
contrast, the development of EU legislation on congestmanagement markets is still in its early stages, with
the focus mainly on crosmonal congestions and a general agreement that mabested congestion
management should be used whenever possible. However, the emergence of more flexibility provitiers at
distribution level, and the increasing need for flexibility to manage renewable energy volatilities, means that a

suitable legal and regulatory framework will be required to cover additional markets and prodtustsvorth
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mentioning that there are everal ongoing developments related to the design of electricity markets at the
European level. The Commissipresented its firselectricity marketreform on 14" March 2023. In addition,

the upcoming network code on demand response is expected to significantly reduce barriers to flexibility. These
initiatives provide a chance for all countriggthin the OneNet clustexto play an active role and contribute to

the devebpment of the network code.

Insufficient coordination of flexibility markets for system services with

B1 . S
energy markets with regard to timing.
Insufficient coordination of different system services over different
éo Maximization of value B2 timeframes, valid for all market phases, i.e., prequalification, baselining,
stacking procurement, activation, monitoring and settlement.
- Lack of harmonization of flexibility products for system services for both
& TSO and DSO
.E B4 Exclusivity clauses and non-harmonised contracts
:E_’. _ - . B5 Coordination of explicit procurement of flexibility (flexibility markets)
[5) 2 EOSF:F'C'ent acquisition of with implicit procurement of flexibility (tariffs, connection agreements,...)
_§ ) extoility BG No specific incentives in the regulatory mechanism (remuneration) that
© support a common approach between SOs for flexibility procurement
"§ B7 Limited cross-border coordination/integration
8 Operationally efficient B8 Limited coordination for procurement of flexibility by DSO and TSO
= ! market procurement process B9 Lack of alignment in supporting processes such as prequalification,
oy for flexibility monitoring and settlement processes including baseline approach.
Lo Lack of established methodology for network representation for the ﬁ
distribution grid =
@ Ability to exchang.e, hQ.St' ICT challenges: Large uncoordinated collection of data, timely exchange of ;.
== and process data in a timely X . i N o
(confidential) network information, etc. =
and secure manner v
Efficient market access for No appropriate baseline methodology and process established for new
ég all FsPs, for all voltage B12 flexibility markets and new types of flexibility providers (e.g. low voltage
levels, for all technologies flexibility)

No uniform access and registration process/platform for assets willing to
participate to flexibility markets.

= Ensuring an equal level
.E playing field for all market
5 @ actors without unwantedside g Risk of gaming due to exertion of market power and/or shortcomings in
lg' effects such as market power the market setting
- or risk of gaming
o
',‘E Maximizing the benefits of B15 Lack of coordination of markets of different carriers
b sector integration
% € B16 Quantification of the benefits of sector integration is missing
Adequate incentives for
@ —e Participation through Unavailability of adequate information allowing FSPs to anticipate the
% availability of relevant B17 value of their participation and hence not being able to quantify their
" information (e.g., anticipated business case

flex needs, etc.)

A number of objectives were defineir coordinationand integration and mapped against the barriers (as
shown in figure). This was done because achieving a particular objective can be complex and multifaceted, and
breaking them down allowed demos to prioritize the most critical and urgent bar@ensrall mapping barriers
and solutions to integrated and coordinated market@san important steggo understand the underlying causes

of barriers, identify best practices and interventions that can be replicated or adapted to other contexts.
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Through a survegonducted with the individual OneNet demonstrators we found that tiaeriers addressed
the most were related to efficient marketccess, namely the lack of an appropriate baseline methodology and
process and the absence of uniform access and registratiooegses/platformsThe larriers addressed the
least were exclusivity clauses and Amarmonised contracts, lack of incentives in the regulatory mechanism and
the risk of gaming. Furthermore, the solutions were segmented into three different categoriekemmar
processes, technical solutions for SOs and market access. Here we identified similarities and differences between
each category. Solutions such as gate closure coordination, use of harmonised products, baselining methods
and flexibility register are eomonly implemented, although their characteristics, range of application and

approaches differ significantly from demo to demo.

The solutions mappinglso shows balanced split between the categories of solutions implemented by the
OneNet demonstratorsmarket processes, technical solutions &ystem operator&nd market access, with a
slightly higher inclinationfor market access solutiondore recurrent solutions were identifiedithin market
processes and market access categories, such as the haenodnised products and baselining methods under
the market processes, or the adoption of uniform user interfeaed flexibility registersinder the market access
category Finally technical solutions appear to be the most varied among the demos, aldcapiog the

different realities and priorities among the system operators present.

After comparing theresults of mapping exercisgainst themost recent frameworlguidelineon demand
response (FGDRj) was alsgoossible to identify areas where the demos are already developing solutions that
are in line with the principles proposed in the guideline, as well as areas where further work may be needed to
ensure compliance with the guideliné&everal demo solutionssuch as the use of a flexibility register,
simplification ofpre-qualification and measurement proceakgn with the FGDR's technoleggutrality, ease,
transparency andaccuracyprinciples. Additionally, the demos address data exchange related aspdith is
alsoone of thefocuses of the FGDR. Overall, the demos are developing solutions that are in line with the

principles and guidelines proposed in the FGDR.
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1 Introduction

The European Energy System is facing a substamiatjgm shift, fostered by the twin green and digital
transitionsrequired to deliver the commitments established under the Paris Agreement. In fact, the EU has been
leading by example, defining ambitious climate targets, having recently revised itsiamemin the reduction
of greenhouse gas emissions, aspiring now for a decrease of at least 55% by 2030 compared to 1990 values and
to achieve climate neutrality by 209Q]. These objectives are only achievable through a dggfi towards
carbon neutral technologies for energy production, which should go hand in hand with an increased energy
efficiency of the overall energy system, from the production to its final use aammthsequent electrification of
end-use sectors. Thimeans an increased penetration of variable and -{dspatchable renewable energy
sources (RES) in the energy system, requiring a more flexible approach to its operation, whereby the connected
assets are able to adapt their generation or demand patesn@rding to the needs of the system, thus
abandoning the more traditional load following paradigm. This flexibility should be gathered not only from the

generation assets connected to the network, but also on the demand2]de

In this context, the OneNet project aims at creating the conditions for a new generation of system services
able to fully exploit demand response, storage and distributed generation while creating fair, transparent and
open conditions for consumers. As a result, while creating one network for Europe, the project aims to build a
customercentric approach to thgrid and market operation. This ambitious view is achieved by proposing new

markets, products and services and creating a unique IT architecture.

1.1 Description of Task 3.2

CKAad RSEAGSNIoOtS A& LI NI 2F hySbSiQaefficientihtegtatedd | | 3 S
and scalable markets for the procurement of system services by Distribution System Operators (DSOs) and
Transmission System Operators (TSOs), with seamless coordination between System Operators (SOs) and
between them and supplier@ggregators, consumers and prosumers, both within and ecosstries, and in
the end, to provide recommendations for the OneNet roadmap which will, based on the results of the other
OneNet WPs highlight the costs and barriers for an -Bldle implementaton of market schemes and

interoperability platforms with the corresponding data exchange protocols and information architecture.

WP3 is segmented into four different tasks that commonly contribute to that overall objective, by defining a
theoretical marketframework for innovative market design options (Task 3.1), by studying market integration
aspects and interrelations of new market mechanisms with existing energy and flexibility markets (Task 3.2), by

analysing potential market distortions and ineffictié®s of integrated markets (Task 3.3) and by ensuring

1 As indicated in OneNet D2[2], a system service is defined as the action (generally undertaken by the system operator) which is
neededto mitigate a technical scarcity or scarcities that otherwise would undermine network operation and may create statsility risk
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alignment between developed concepts of market design, the regulatory framework and the demonstrations
within OneNet (Task 3.4). The interactions between the different tasks, both within and outsidecarPBe

seen inFigurel-1.

¢Fal odH AGACNRBY YIN)JSdGa Ay AaztlidAaz2y G2 AydS3aNydiSR
adequacy of the mait design concepts developed in the pieus task (Task 3.1) and identify the missing
components needed to build integrated and fully coordinated markets for the procurement of the harmonised
products defined in Task 2.1. Thus, based on the results frenfrtimework described in Task 3.1 and from
inputs by the OneNet demonstrators (WR®), it will provide a gap analysis on the steps needed to build these
fully coordinated and integrated markets. Both the barriers and solutions identified in Task 3@ edhsidered
in Task 3.3 and Task 3.4. To attain its objectives, Task 3.2 started by conducting a gap analysis of the existing
electricity markets (Sulfask3.2.1) and analysed the various components required for integrated and fully

coordinated markets§ubTask 3.2.2).

T2.1 T2.2 T2.3

Product
definition for BUC
system services

Best practices

13.2

From markets in isolation
to integrated and fully

13.1 coordinated markets 13.4
Framework for Challenging market
coordination models and concepts with demo
results and current and

market set-ups
13.3 future regulation

Consumer-centric
products and efficient
market design

Cluster

Roadmap
demonstrators

WP7-10
WP11

Figurel-1: Interconnection between the OneNet Task\Bith other tasks and work packages in the
OneNet project

Copyright 203 OneNet Pagel3
¢CKAA LINRP2SOG KIa NBOSAGSR FdzyRAYy3I FTNRY (KS 9d:
research and innovation programme under grant agreement No 957739




N1
I Nk

1.2 Outline of the Deliverable

The structure of this deliverable tepicted inFigure1-2. Chapter 1 is the introductory section of the
document, including the motivation, the objectives and the context of the activities carriednotiask3.2,
including how they fit into the general structure of the OneNet project. Chapter 2 presents the methodology
that was used to achieve the objectives of the task. Chapter 3 describes the evolution of electricity market
reforms, with special emmsis on the four waves of European legislative packages. In Chapter 4, the barriers
and challenges to fully coordinated and integrated markets are identified and analysed, resulting both from the
literature review and from consultation moments with the Qvet demonstrators, including the relevance of
these barriers to the demos. Chapter 5 identifies the solutions and solution spaces that can foster integrated
and coordinated markets, addressing if and how the different demonstrators are tackling theigt&btiriers.

Finally, Chapter 6 presents the main findings of the Task 3.2 activities by providing closing remarks and

recommendations.

oMotivation, objectives and context Task 3.2
1. Introduction ainteraction with OneNet work packages

uMethodology used to achieve the objectives of Task 3.2

2. Methodology

oEvolution of electricity market reforms

3. Need for fully coordinated & «European legislative packages

integrated markets

uBarriers and callenges hindering coordinated and
integrated markets

uRelevance to OneNet demonstrators

4. Barriers and challenges to fully
coordinated & integrated markets

S Slllele s e s s e ees o GBoluUtions identified to tackle the various barries

Sl el eiiee sl eeleliellnzii=el - admplementation by the OneNet demonstrators
markets

o¥-indings, closing remarks and recommendations

Figurel-2: Structure of OneNet Deliverable3.
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2 Methodology

This clapter presents the methodology used within Task 3.2, which aims to identify the main components
and recommendations for fully coordinated and integrated mark&igure2-1 provides an overview of this
approach, which was divided into five main steps, each composed of its own research question (left side of the

figure). To answer each research question, a set of methods was applied (right side of the figure).

Understanding the need for fully coordinated & integrated Academic Literature Review ]

markets
Evolution of electricity markets Secondary Data Analysis ]
Market operation in various regions of Europe
Drivers behind integration & coordination
Market integration in practice

Case Studies ]

Academic Literature Review

Identifying barriers to coordination & integration of markets External Stakeholder Literature Review
Initial mapping of the barriers (ACER, EC etc.)

Relevance of each barrier to the country of operation and identifying
missing barriers Dedicated consultation moments with
demonstrators in project

Updating the list of barriers & mapping with sub-objectives

D B U S G

Survey

demonstrators in project

Identifying solutions and solution spaces to tackle the barriers
+  Collection of individual demo solutions

* Identification of generic OneNet solutions

Survey

— Focus groups & external discussions

p— [ Dedicated consultation moments with

— U J N/

. . [ Focus groups & external discussions ]
Recommendations & conclusions for scalable market concepts [ ]

Observations

Figure2-1: Methodology

In the first stage, the need for fully coordinated and integrated markets was assessed, mainly through an
academic literature review, looking firsand at theevolution of electricity markets andhow the European
political and regulatory framework has been fostering that evolution. With the EU policy trajectories defined, a
state of the art of the electricity markets throughout Europe veamalysedto understand how developed the
various European emtries are on frequency ancillary services, fiteguency ancillary services and congestion
management markets, in comparison to what is expected from EU legislation, namely, from the recast Electricity
Regulation and Directive. For the latter,seconday data analysis was done based on survey results from
internal and external stakeholders. Then, the main drivers towards more integrated and coordinated markets

were identified, together with their higihevel objectives, which can bring existing marketset to EU policy
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expectations. The practical implementation of these drivers may not require a reinvention of solutions, which is
why we also investigated existing best practices (case studies) from a variety of local flexibility projects led by

TSOs, DSCand third parties being trialled and implemented all over Europe today.

In the second stage, through an academic literature review and external stakeholder literature review, we
identified barriers to attaining integrated and coordinated markets. This araimportant step because barriers
to integrated and coordinated markets will hinder the reaching of their objectives andléngls objectives.
Then, having the knowledge of these different barriergapanalysis exercise was conducted to understand
the steps needed to move from markets in isolation (e.g., for a specific System Operator, a specific country, or
a specific service) to integrated and scalable markéth seamless coordination between SOs and between SOs
and FSPs (e.g., suppliers, aggters, consumers, prosumers), within and crgssintries. In the joint scope of
Task 3.2 and Task 3.4, a dedicated consultation moment in the form of two workshops was organized with all
the country representatives within demo clusters: Northern, Easté&/estern and Southern. The objective of
the consultation moment was tw#old: 1) present the list of theoretical barriers to coordination and integration
of markets to demo clusters and obtain immediate feedback on the relevance of each barrier to theyoafunt
operation and identify if Task 2 has missed any barrier (response captured in the form of a survey); 2) better
understand each coundr Qapproach to addressing congestion management and voltage control. The
information collated highlights the chatliges facing the paBuropean harmonisation of electricity market
design. Based on the focus of most demonstrators in the OneNet project, special emphasis was put on frequency

control, congestion management and voltage control.

In the third stage, we broug together the initial list of barriers and supplemented them with barriers
retrieved from literature, namely, to take into account the recently published ACER Framework Guideline on
Demand Response (DRH®@) and other additional barriers identified based on external discussions. These
barriers were thermapped with the objectives from fully integrated and coordinated markets, in calbave

an overview of the barriers identified for each objective.

Finally, already within the third step of the process, another consultation moment with the OneNet
demonstrators was done, to identify specific and practical solutions to remove the identified barriers. These
were categorised and structured into solutiopages, based owhichrecommendations were finally retrieved,

as an output from this task.
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3 Need for fully coordinated & integrated markets

This chapter illustrates the evolution of electricity markets in Europe, focusing on the major waves of
European electricity sector and market reforms which were initiated by different packages of European
legislation. Secorly, it presents a highevel exercise examining frequency ancillary service markets; non
frequency ancillary service markets and cortiggsmanagement markets in various regions of Europe. Third
this chapter describes objectives of a sustainable electricity market design, its coordination and integration as
well as the respective drivers. Finally, this chapter showcases some exanfipdéescivicity market design

integration in practice.

3.1 Evolution of electricity markets

The creation of an integrated European electricity system, both femminfrastructure and market

perspective, has a lortgadition that traces back to the first half dfie 20thcentury.

Alreadyin 1921, the first crosborder interconnection for the transmission of electricity became operational
between France and Italy via Switzerland, encompassing about 700 km of network infrastfaEtneginally,
the crossborder cooperation of European TSOs was driven by the motivation to preserve system resilience and
stability, make more efficient usd€ energy resources, and optimizing the operation of power plants. The drivers
for TSOs cooperation increased with additional motivation, in the 1990s, when the vision of a fully integrated
European Energy Market (Internal Energy Mark#EM) emerged as langterm goal for the European Union
and its Member States. The creation of an IEM requires both interconnecting energy nebmorkstegrateof
national energy markets across borders, two developments in which European TSOs play a key role and must

closly cooperate
Figure3-1 captures the most significant milestones of the evolution of electricity markets in Europe.

The following partpresentsthe previous key milestones of European electricity markets and system
integration toward an IEM. This evolution is characterized by several extensive electricity sectors and market
reforms that were initiated through four packages of European legislation. The process of the European
electricity market and system integratigtarted in 1996 and 1998, when the European Union adopted the first
legislative package (First Energy Package), consisting of two European Directives. These were aimed at opening
the then monopolized European electricity and gas sectors for competitiayugir the introduction of thire
party access combined with an obligation for verticaltegrated utilities to separate generation and sales

activities (competitive part) from distribution and transmission operations (regulated [&ft)

2 Please note that this directive has now been replacefirby
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Evolution of electricity markets
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First Energy
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Energy
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Package
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Figure3-1: Evolution of Electricity Markets
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After the First Energy Package had failed to achieve full liberalization of European electricity and gas sectors,
in 2003, the European Commission went ahead with a Second Energy Package which inclutigthéro
European Directives and one Regulation of dedicated measures for the intensification ebeordsstrade in
electricity. The adoption of this first Electricity Regulation (EC) No 1228/2003 was driven by the fact that,
according to the European @mnission, trade of electricity in Europe had at that time still been underdeveloped,
compared with other sectors of the European common market. This first Electricity Regulation included a
mechanism regarding the sharing of costs for closer flows betveen European TSOs, harmonised principles
on crossborder transmission charges, and principles for the allocation of available capacities of interconnections
between national transmission systems. Also, the two Directives of the Second Energy Packageéticame
multiple changes for the European energy sector. They comprised: an obligation for legal and organizational
unbundling of verticaliintegrated utilities from 1 July 2004 andsiJuly 2007 respectively, the introduction of
a regime forregulated network access, as well as the setup of dedicated national regulatory authorities (NRAS)

for the energy sectd8]>.

The Europea’ 2 YYA &4 &4A 2y Qa8 ¢ KANR 9oorSidBg of twd Oilettides an@ threen n n ¢
Regulations, led to particularly faeaching consequences. Regulation (EC) No 714/2009, the successor to the
previous Electricity Regulation (EC) No 1228/2003, pushedihuespean collaboration on energy matters to a
new level by mandating to establish the Agency for the Cooperation of Energy Regulators (ACER) and the
European Network of Transmission System Opesator Electricity (ENTSE)[10]. It also stipulated and tasked
ENT®-E with several legal mandates, including, the adoption and publication of ayd¢en network
development plan (TYNDP) and the elaboration of recommendations for technical cooperation between
European TSOs. The Regulation also obliged EET&®©laborateletailed rules on electricity markets, system
operations and network connection in the form of legally binding European network codes and guidelines. These
rule books, adopted as binding European Regulations, drafted by ERBSEbrding to guidance froACER,
and are aimed to harmonize and integrate European electricity markets and systems across-tieertgrafport
term and balancing timeframe. The first generation of European network codes and guidelines included eight

network code$and fur guidelires[11].

The most inpactful legal act for wholesale electricity markets is the Commission Regulation (EU) 2015/1222
which establishes a guideline on capacity allocation and congestion management (CACM GL) iratireaday
and intraday timeframe. The CAGBL makes the Singleajpahead Coupling (SDAC) a binding target for all EU

Member States. The SDAC project serves to create a singieyrapean crosgonal dayahead market for

3 Please note that this regulation has now been replace{bby

4These are 3 connection codes: rfgtwork code on requirements for grid connection of generators (EU) 2016@i3tlemand
connection network EU) 2016/1388and (iii)requirements for grid connection dfigh voltage direct current systems and direct current
connected power park modules network cofeJ) 2016/144,72 operational codes: (i€lectricity transmission system operation guidelin
(EU) 2017/1485and (v)electricity emergency antestoration network code (EU) 2017/2198nd 3 market codes: (\dppacity allocation
and congestion management guidei(EU) 2015/1222(vii) forward capacity allocation guidelines (EU) 2016/17418d (viii)electricity
balancing guidelinéEU) 2017/2195
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electricity through an efficient allocation of scarce crbssder transmission capacity, therebyaximising social
welfare. This is achieved by the coupling of wholesale electricity markets from different regions via a common
FEA2NRAGKY da9'tl 9al! ¢ aAYaderittansBissidra dodstraitt® WiitheRiSI&AfY 3 ONE
writing, the dayahead eéctricity markets of most EU Member States have already been fully co{f#2¢dn

total, 30 EuropeamSOsind 17 nominated electricity market operators (NEMOs) take part in the SDAC project
which is governed by the Dahead (DA) Operational Agreement (DAOA). The overall welfare gains expected
from extending SDAC to all EU borders amount to over 150 MR/yedr[13]. After completion of theSDAC

project, overall economic efficiency of European electricity wholesale markets is anticipated to further increase.
In the firsthalf of 2022 flowbased implicit allocation was implement@dthe Core Capacity Calculation Region
(CCR) in the framework of the Core FBased Market Coupling (FB MC) Project as well as the Croatian
Hungarian border will be included in the SDAC couflidy Next to SDAC, there is alde Single Intraday
Coupling (SIDC) project which strives for a single European-zmoat electricity market for the intraday
timeframe. The SIDC allows for a more efficient and liquid intraday market by matcliieis @cross multiple
countries and across multiple power exchanges. This is beneficial for participants on both sides of the market,
as it gives them access to a larger pool of orders to fill. The integration of additional countries into the SIDC takes
plaOS Ay &aS@SNIf LKIF&Sa Ffaz2z NBETSNNBURe DB adrods 14din@S & £ © ¢ K
(1st wave). In the first 16 months of its operation, over 25 million trades were completed in the countries
involved. On 19 November 2019, SID&as extended to seven further countries bringing the total number of
participating countries to 22 (2nd wavid)s]. A third galive of the SID@ September 2021 included Italy. At the

time of writing, SIDC comprises 25 countries after the successful coupling of Greece and Slovakia in November
2022.

Another criticalpiece oflegislation for European electricity markets, enacted as a guideline under the Third
Energy Package, is the CommisdRagulation 2017/2195 which establishes a guideline on electricity balancing,
(EB GL). Its purpose is to harmonize European balancing markets through a wide set of technical, operational
and market rules. As a part of operationalising EB GL requiremenmt® trarrEuropean balancing energy
platforms were set up to harmonize crebsrder exchange of balancing energy between EU Member States:
MARI (Manually Activated Reserves Initiative) for Manual Frequency Restoration Reserves (mMFRR), PICASSO
(Platform forthe International Coordination of Automated Frequency Restoration and Stable System Operation)
for Automatic Frequency Restoration Reserve (aFRR), and TERREE{In@reanReplacementReserves
Exchange) for Replacement Reserves (RR). These platformssidgdori@GCC (International Grid Control
Cooperation) platform, complete the implementation of the European target market design for baldh6ing
The EB GL stipulates common principles, harmonised products, and methodologies for European balancing

markets

In 2019, the European Commission launciiedourth and latest legislative package for the electricity and

gas sector, the soalled Clean Energy for all Europeans Package (short: CEP). It comprises of updated versions
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of both the Electricity Directive and Regulation, a new Regulation on RigarBdmess in the electricity sector,

and a revised ACER Regulation. The CEP aims to facilitate the clean energy transition and addresses five
dimensions of the Energy Union: Energy security, ICM, energy efficiency, decarbonisation of European
economies, ad the fostering of research, innovation and competitivengEg]. The package includes eight
legislative actand measures aimed at facilitating clean energy transition. One itapbchange in terms of
European energy governance was the establishment of the EU DSO Entity according to the updated Electricity
Regulation. The EU DSO Entity, an association of all EU DSOs, has been formally set2g2ih anidl ensures

close coopertion between TSOs and ENFE®@egarding the integration of European electricity markets and

systems.

Inlightofthe9 ! Q& O2YYAGYSyYy G (2 Odzi 3INBSYyK2dzaS Il a SYAaarzy
presentedthe Fit for 55 package in 2021which proposes ®veral measures. The recast Renewable Energy
Directive (REDIII) proposesinhcrease the overall EU binding target of renewables to a new level of 40% in the
EU energy mix by 2030 compared to 32% in the Directive 200§1B}1REDIII aims to foster a better energy
system integration and to contribute to clireaand environmental objectives including the protection of
biodiversity[19]. TheEnergy Efficiencyif2ctive (EED) proposamore ambitious and legally binding targets for
improvement in oveall energy efficiency (final and primary) by 2030 (up te3960 compared to the 32.5%
target proposed in Directive 2018/2002) as well as for reducing total energguletiny 9% relative to a baseline
scenario[20]. Finally, the Alternative Fuel Infrastructure Regulation (AFIR) calls for mandatory targets for the
infrastructure for alternative fuels in line with the larger EU Green Deal giosdducirg GHG emissions in
transportation by 90% by 2050. These measures are designedsiore a quicker rofbut of low emission

transport modes, as well as the infrastructure and fuels needed to support {B&m

In May 2022, the European Commission proposed the REPowerEU Plan, @ golici I A Ya (2 NBRdzOS
dependence on Russian fossil fuels and to speed up the European green energy transition through energy
savings, diversification of energy supplies, autelerated rotbut of renewable energy22]. As apart of
REPowerEU, several mediuterm measures are proposed. The plan includes a proposal amending the REDIII to
increase the 2030 target for the proportion of renewable energy in final energy consumption frorro48%.

Furthermore, REPowerEU plan proposes to enhancetknng energy efficiency measures, including an increase

from 9% to 13% of the binding energy efficiency target under the Fit for 55 package.

Further in October 2022 EC published a communicationDéagitalising the Energy System Action Plan

(DESAP), setting out actions to digitalise the energy sector to improve efficiency and renewable int¢2@ation

5The new EU DSO Entity will allow the creation of a single European representation of DSOs, reflecting the new cenB&8@slaof
the energy transition. It will create a forum of expertise and exchange of views among DSOs on a range of toplatettatheir business,
as well as ensuring consultation on Guidelines and participation in the elaboration of Network Codes which are relevstnbfdiot
networks. The new entity will also promote TBSO cooperation for the optimal and coordindteperation and planning of DSO/TSO
network, as well as the technical expertise dialogue with other stakeholders.

6 https://ec.europa.eu/commission/presscorner/detail/en/ip 22131
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A joint task force was established between the EU DSO entity an8@HR ersure cooperation and support
on the development of a Digital Twin of the Europd&actricity Grid to promote digitalisation following the
Declaration of Intent (Dol) signed on"2December 202324]. As a part of the Digital Twithe following five

areas were selected for the development of innovative solutions anddioation of investment:

observability and controllability.
efficient infrastructure and network planning.

il

1

1 operations and simulations for a more resiligtd.

1 active system management and forecasting to support flexibility and demand response.
il

data exchange between TSOs and DSOs.

In order to monitor these digital investments within DESAP, common smart grid indicators will be defined to
measure the developent of the Digital Twin throughout the EU Member States, a work that will be led by ACER

and the national regulatory authorities.

azal 2F 9! Qa NBIdzZA F(i2NR FyR tS3AaftldAdS SFF2NIa a2z
focussed on crosBorder capacity allocation, deghead, intraday and balancing markets, as these segments
are the most mature and liquid ones. EU legislation on congestion management markets is still in nascent stage,
mainly focusing on crosmnal congestions and indiday general provisions that congestion management
should be markebased whenever possihldHowever, as more flexibility providemmerge, especially at
distribution leve] and as both market parties and system operators require more flexibility to masdgdities
from renewable energy sources, afiitr-purpose legal and regulatory framework will be needed to cover more

markets and products.

Article 59(1) othe electricity regulation lays down the foundation for the development of network codes on
demand response (DR9]. The revised Electity Regulatioralready introduced ruleaimed to incentivise DSOs
to procure flexibility resources and to facilitate the participation of demand response, storage and distributed
energy providers in wholesale and balancing markets. In 2020, European €amintroduced ariority list
for the development of network codes and guidelines for period 2P@R3 focusing on new harmonized rules
on aggregation, energy storage, demand curtailment, demand side response and cyberd@&lrity June
2021, ENTSE pubished a joint report titlel "Roadmap on the Wlution of the Regulatory Framework for
Distributed Flexibility" together with CEDECPEO, Eurelectric and GEO[2B]. In preparation for this
publication, ENTS8and DSOs had identified key regulatory hurdles to be resolved, in order to facilitate the
participation of distributed energy resource providers in flexibility markets. In October 2021, EC mandated ACER
to perform initial scoping of Network Codes on DR. Further ofi RBcember 2022, the ACER submitied
FNI YSH2N] 3IFdZARSEAYS F2N) 6KS RS@OSt2LIVSyid 2F | ySiaég2N]
framework guideline is cleared by the European Commission, ENTEBO the EU DSO Entity will be asked by

the Commission to draft (within 12 months) theoposal for the new binding EU rules. This future network code
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will enable DERSs to participate in marietsed mechanisms for services procured by TSOs and DSOs on an equal

basis with other resources.

3.2 Examination of electricity markets in various Europeaggions

The examination of electricitynarkets in various European regions is a relatively -leghl exercisg
therefore, not all the details are captured within this deliverable. The collated information highlights the
challenges facing the paBuropeanharmonisation of electricity market design. Based on the focus of most
demonstrators in the OneNet project, special emphasis was put on frequency control, congestion management

and voltage control. In the following sections, we discuss each of these mmarket

3.2.1 Frequency Ancillary Services Markets

Frequency Ancillary Services are the variety of operations on the electricity network required to maintain
system frequency within a predefined stability range and compliance with respect to the desired qliadity.
development of frequency ancillary services is becoming more and more crucial for a secure operation of the
European power system the light of the increasing infeed of electricity from renewable energy sources. The
very basic requirement for secure opion of a power system is to maintain the balance between generation
and consumption at every moment in time. Until recentliye process of utilizing balancing energy and its
procurement via balancing electricity markets has largely remained a pureignahtundertaking. However,
with the entry into force of the EB GL in 2017, a starting point has been set for the integration of national

balancing markets towards a harmonized European|[@6§

The frameworkunder the EB GL is designed to ensure a common approach to the operation of European
balancing markets, including the definition of standard products for balancing energy, balancing capacity, and
replacement reserves. The EB GL ensures that a coherent approach for these aspects is applied across all EU
Member States, thus creating a levéaping field for market participants. The framework also includes a range
of measures to ensure that balancing markets operate efficiently and transparently. e.g., by standardizing
balancing product requirements for the provision of balancing servicesy@iiog open access to the balancing
market, and developing common rules for the provision of balancing services. The EB GL also includes several
measures to ensure that the balancing markets are competitive and that prices are determined in a transparent
and nondiscriminatory way, for instance by providing market participants with all necessary information for

making informed decisions.

Another important instrument for the integration of European balancing energy markets under the EB GL is
the establishmat of four European platforms for the exchange of balancing energy from frequency restoration
reserves, replacement reserves, and for the operation of the imbalance netting process to ensure efficient and
timely balancing energy supply and demand. The falancing platforms are already in operation in 20&2
live of PICASSO (June 2022), MARI (Oct 2022), and TERRE and IGCC alreatyyquendatind27]. These new
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platforms will likely provide greater liquidity for balancing marketsduce the risk of pee distortions, and
increase overall transparency in the market. The cooperation of TERRE and IGCC platforms already shows
significant improvements in efficiency and monetary savings. The introduction of MARI and PICASSO would allow
European TSOs to bettenanage the resources and provide ceffiective energy services. All these platforms
strengthen the European electricity market by bringing them closer to the target market design for balancing

thereby increasing market integration and ceficient bahncing services.

A summary of market design parameters was captured in the EETA@illary Services (AS) Survey 2020

and ACER Market Monitoring Report 2020, whose main results are shavwméx A

3.2.2 Non-Frequency Ancillary Services and Congestion Management Markets
Nonfrequency ancillary service refers to a service used by a transmission system operator or distribution

system orator for steadystate voltage control, fast reactive current injections, inertia for local grid stability,

short-circuit current, black start capability and island operation capaliti®y. As mentioned in the introductory

part of Section3.2, based on focus of countries within OneNet demo clusters we limit our analysis to voltage

control.

Further congestion refers to an overload of grid components, over and wulgrge and/or forced usage
of the local faHover capacityin the distribution system. Congestion management products could be used to
defer grid investments or for opational use (e.g., redispatching). The Electricity Market Regulation and
Directive support a markdiased approach to procuring products for operational (8 The egulatory
framework particularly ensures that distribution system operators can procure services from Flexibility Service
Providers (FSPs) such as distributed generation, demand response or energy storageasttankietbased
approach. Such an approagmgages FSPs to provide the solution to editctively alleviate the need to
upgrade or replace electricity capacity and suppdhe efficient and secure operation of the distribution
system.The markethased approach provides a lesost alternative tagyrid reinforcements while also improving
overall system efficiency. However, concerns about strategic behaviour and locational market power by market
players have pushed several Member States to adopt a regulated methodAdilve System Management
(ASM report prescribes that some general EU principles can be developed but the intrazonal congestion
management process details should be established and implemented on a nationdAB¥EReport)With the
growth ofdistributed generation, DSOs are beginning to have more congestion probtanmsing countries to
re-evaluate the markestructure. This is where the new network code on demand response is an opportunity to
materialize necessary coordination between TS@d BSOs in order to unlock flexibility from distributed
resources, so it can find the best value for consumers and the system, in this case related to the procurement of

ancillary (both frequency and nenequency) and congestion management related serice

In the joint scope of Task 3.2 and Task 3.4, a dedicated consultation moment in the form of two workshops

was organized with all the country representatives within demo clusters: Northern, Eastern, Western and
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Southern. One objective of the consultatiomoment was to better understand each coua@t€agproach to
addressing congestion management and voltage control TEixe3-1 below summarizes the ctent approach

for the provision of flexibility aimed at addressing issues of congestion management and voltage control by
various countries within the OneNet demo clusters.

Table3-1 ¢ Approach for provisioof congestion management & voltage control services by various countries
within OneNet clusters

. Target . . OneNet Cluster
Key Topic Approach by various countries

Current Market- Use of energy part of the mFRR products for CN Northern: Fl, EE
approach  based Bilateral ~ agreements  with  customers Northern: FI
forCMby  congestion  commitment of mwun units at specific Southern: CY
TSOs management geographical locations
process Central dispatch model Eastern: PL
Technical measures (grid reconfiguration, topolc Western: PT
changes using switching breakers, emergel Southern: CY
curtailment etc.)
Dayahead market bid for zonal redispatch Southern: GR
Use of limits in the planning process Eastern: HU
Tariff scheme/Dynamic grid tariff pilots Eastern: Sl
No structural congestion at the moment and ¢ Northern:LV, LT
congestion management is not addressed at 1
national level. However, with growing RES le
congestion issues are foreseen to appear in futu
NA CZ,ES, FR
Current Market- Use of energy part of the mFRR products for CN Northern: FI
approach based Tariff scheme/Dynamic grid tariff pilots. Eastern: CZ, Sl
for CMby  congestion  The dynamic tariffing pilot projects use sometfo
DSOs management gynamic charging possibilities of the network a
process namely PKKT positive critical peak tariff, anc
NKKT negative critical peak tariff.
Technical measures (grid reconfiguration, manui Eastern: CZ, PL
changing taps on distribution transformersr  Western: PT, ES
network improvement of lines, feeders an Southern: GR
transformers, emergency curtailment)
Network reinforcements Western: ES
Southern: GR
Use of mobile resources such as generators Western: ES
mobile substations. No standard business moc
and procuremenprocess for DSOs to implemel
flexibility productsto compete with traditional
solutions
Congestion issues whereby srsdhle assets EE
cannot connect to grid due to huge connection fe
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No structural congestion and so congesti
management is not addressed at the national le

Northern: LV, LT

NA HU, FR

Current Market- Obligation for generators and storage at HV Northern: FI

approach based participate in dynamic voltage control

for VC by voltage Reactive power window (B) for all connections i¢ Northern: Fl

TSOs control . . .
defined in the connection agreement

process

Bilateral agreements with individue Eastern: CZ, PL
providers/units LT
Traditionalassets of SO used for voltage control Northern: LV, EE
Annual auctions Northern: LI
Technical measures such as use of capacitor ba Eastern: SI, PL, LT
shunt reactors and automatic tap changers 1 Western: PT
regulating reactive power in the transformers Southern: CY, GR
NA HU, ES, FR

Current Market- Obligation for generators and storage at HV/MV Eastern: Si

approach based participate in dynamic voltage control (tap chang

for VC by voltage on HV/MV transformer workinguutonomously as

DSOs control well as with partial control by the dispatcher)

process Mandatory for units greater than 10 kW at LV Eastern: S|

install smart PV inverter which can autonomou: Southern: CY
provide Q(U) and P(f) functions

Technicameasures such as use of capacitor bar Western: PT, ES
shunt reactors and automatic tap changers 1
regulating reactive power in the transformers

Annual auctions Northern: LI
NA Fl, EE, LV, CZ, PL, HL
FR, GR

In general, from the above table veee that there are no organized markets for CM and VC, but SOs use a
combination of technical measures and other solutions. For example, central dispatch arrangeresrsed in
some countries where TSOs determine the dispatch values based on the pndeasdchnical parameters
provided by resources as well #ise whole network model. Then TSO constructs a schedule and issues
instructions directly to resourcehere ismostly no remuneration for counter actions due to the emergency

character of the situabn. The TSOs and DSOs in Finland and Estonia use mFRR bids for congestion management.

Outside OneNetlusters, Great Britaimnd Netherlands are the only countries where SOmmercially
procure flexibility whereas in other countries several small, medium, and -Eggle trials are being
experimented with. DSOs in Great Britain routinely and éwereasingly buy local flexibility services with the
backing of favourable legjative requirements. All of the six DSOs in Great Britain procure flexibility with several
launching marketplaces to boost participatifZf]. TenneT which is the TSO in the Netherlands first performs

costbenefit-analysis (CB) to assess grid needs. There are several reasons why nimget! CM is
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implemented in the Netherlands such as if congestion is not severe or if the cost of congestion management is
less than investing, or if the reinforcing of grids takes too long emsimfeasibld30], (SmartNet) Equigy is an
independently operated markdhtermediary platform in the Netherlands that integrates with existing TSO
ancillary services marketnd redispatch processesTenneT also implements a series of measures togoev
gaming (UKPN)

3.3 The need for coordination and integration

With the energy transition, an increasing number of flexibility resources will be cosmhézthe distribution
network. This would require all market stakeholders to adapt to new roles and responsibilities to manage the
increasing complexity of the system. This is an opportunity to put in place the necessary coordination between
TSOs and DS®@sorder to unlock flexibility from the distribution grid so it can find the best value for consumers
and the system, in this case related to the procurement of ancillary and congestion management and voltage

control services.

In Section3.1the evolution of electricity markets in EU was presenteaveingboth existing and emerging

markets. The goal of each of the existing markets is differearhedy:

I The objective of wholesale markets such as-dagad (DA) market is to primarily trade energy -day
ahead.
f Theobjectiveofintra&R @ oO6L50 YINJSG Aa (2 | R2dza (G tiMe. NJ SG LI NI
1 The objective of the balancing capacity nket is to reserve enough available capacity for future
potential activation.
1 Finally, the objective of balancing energy market is to ensure stabilization of frequency by trading

energy.

All ofthese markets create multiple opportunities for market actors. Every FSP should be able to participate
not only in balancing and wholesale markets but also to provide services for other system needs such as
congestion management, voltage control and comoi@ applications such as peak shifting, portfolio
optimization and peer to peer trading etc. At the same time, FSPs should be able to participate across different
timeframes (from planning period of years ahead to near-taak). Until now, most emergm markets for
congestion management and voltage control are not linked or integrated with the existing markets such as

wholesale and balancing markets unless a central dispatch model i§ uBgénhance the efficiency of markets

7 Equigy is also referred to as Crowd Balancing Platform because it was a project composed of consortium members fromT@ermany,
Netherlands, Italy, Austria and Switzerland.

8 According to Article 2(18) of the Conssion Regulation (EU) 2017/2195 of 23 November 2017 establishing a guideline on electricity
balancing (Network Code on Electricity Balaneig/ 9. 0 WOSY i N} f RA&ALI GOKAYy3a Y2RStQ Aada I &0K¢
generation schedules and camaption schedules as well as dispatching of power generating facilities and demand facilities, in reference to
dispatchable facilities, are determined byreansmission System Operator (T®8@hin the integratedschedulingorocess.
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and exploit synergies men TSOs and DSOs procure flexibility, coordination between market processes and

functions is essential.

Below we aim to establish objectives of sustainable market design,edefiardination and integration
explain thedrivers behind coordination and tiegration and also present categories of platforms showcasing

market integration irpractice

3.3.1 Objectives of sustainable market design

The overall objective of WP3 is to design efficient, integrated, and scalable markets for the procurement of
system servies by DSOs and TSOs, with seamless coordination between DSOs and TSOs, DSOs and DSOs, and
SOs and suppliers/aggregators/consumers/prosumers, and this within andeoossries. To be able to design
these types of markets, it is important to first undensthwhat the overlying objectives of an efficient and

sustainable market design areigure3-2 provides an overview of these objectives.

Improve the welfare of EU

citizens
Ensure security of supply Ensure operational security
(adequacy) and stability by making energy
and flexibility available
Objectives efficiently
of
sustainable
Provide long-term investment market Ensure sufficient market
incentives design liquidity and market

competition for the provision
of energy and flexibility
products

Figure3-2: Objectives of sustainable market design

A total of six objectives were defined based on how sustainable market design is seen within the OneNet
project. This vision is supported by hilgivel European policy and regulation documents, such as the Electricity
Directive[7] and the Electricity Regulatigd®]. Overall, by designing the market (for energy and flexibility) in a
sustainable way, we ensure that adequate capacity is available in thetdomgby providing investment

incentives and, hence, asnsuring security of supply. Moreover, we also look at the shorter term, meaning

Copyright 203 OneNet Page28
Bl ¢ KAAa LINRP2SOG KFa NBOSAGSR FdzyRAYy3I FNRY (KS 9d:
research and innovation programme under grant agreement No 957739




Nl
I Nk

that we make sure that energy and flexibility are made available in an efficient way (through markets) and that
those markets are sufficiently liquid and cater for suffitieampetition. An important aspect that cannot be
forgotten is that, by designing energy and flexibility markets in a sustainable and efficient way, we can increase
the market penetration of RES and hence assist in reducing@iSsions. Finally, all di¢se aspects result in
an increase in welfare of EU citizens by lowering energy prices, valuing flexibility, improving environmental

sustainability and ensuring security of energy supply.

One way to ensure that energy and flexibility are made availalde &fficient way, is through the integration
and coordination of markets. In the next section, we will go into integrated and coordinated markets in more

detail and look at their objectives.

3.3.2 Objectives of coordinated and integrated markets

In OneNet, we déne coordinationl & WI ff | & LiBd0dssesdo BRBEBEESR YHER] SG | OG 21
integration & Wl f £ | & LIGaili sark&tFBdcéssf SaRhnolbies, flexible sources and market
LI NGIAOALN yiaQd C2NJ) 602GK 022 NRated maikstR(int¥gratidh)Salinamber ©2 2 NRA Y|

objectives can be defined.

Figure3-3 below presents an overview of the objectives of coordinated and integrated markets.

Market M " val ki 1 Efficient market access forall
T - aximization of value stacking - FSPs, for all voltage levels and
participation =0 ? technologies
A
Market FLEX ACQUISITION
optimisation Cost-efficientacquisition of COORDINATION INTEGRATION Maximizing the benefits of sector
flexibility f’& integration
TTTTTTTTT MARKET-BASED & LEVEL PLAYING ~— ~ ~
Market PROCUREMENT ¢ FIELD
. Operationally efficient market- A level playing field for all market
operation based procurement process for actors without unwanted side
______________ flexibility - __= _ effects  _ _ _ _ _ _ _ _
DATA INFORMATION

Adequate incentives for participation
process data in a timely and secure through availability of relevant
manner information

Interoperability Ability to exchange, host, and

Figure3-3: Objectives of coordinated aimtegrated markets

We define four objectives of coordinated and integrated markets each. A first objective of coordinated
markets is the maximization of value stacking. This means that it is possible for an FSP to participate, with the
same asset/capacityn different energy and flexibility markets simultaneously or sequentially. Value stacking
decreases the overall system cost and brings more flexibditiie system. A second objective is cefficient
acquisition of flexibility. This can be lookededther from the point of view of the individual SO, or from the
system perspective. Regarding the perspective of the individual SO, flexibility can be acquired through implicit
(e.g., tariffs) and explicit (e.g., markets) mechanisms.-€ffisient acquidion can hence be attained by using

the implicit or explicit mechanism, or a combination of both, depending on the situation. Regarding the system
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perspective, several coordination models and resulting rules for flexibility allocation exist, e.g., thiN&mar
project [31] [31], the CoordiNet projecf32]. More specifically, the Coordétl project found that a common

market model can provide higher procurement efficiency from an optimizasiamdpoint as the common
YFEN)] SG Lk2ta tf NBa2dz2NOSa FyR LIzZNOKFasSa dKS o0ARa GKI
[33]. Hence, if the rules for priority/exclusivity diverge from the optimesource allocation, the cost efficiency

will also be lower. A third objective is an operationally efficient market procurement process for flexibility. This
objective is related to crossorder coordination (i.e., PICASSO, MARI, TERRE), joint procuraihssstem
services by TSOs and DSOs, alignment between different markets in market processes (i.e., prequalification,
procurement, activation, monitoring and settlement (baseline) process) and alignment in methodologies for
network representation. The fath objective of coordinated markets is the ability to exchange, host, and
process data in a timely and secure manner as the types of coordination mentioned above cannot take place

without data.

Then, the first objective of integrated markets is efficiemrket access for all FSPs, across all voltage levels
and for all technologies. This could, for instance, relate tmidorm access and registration process/platform
for assets willing to participate to flexibility markets. Moreover, currently it isdifflcult for low voltage assets
to participate in marketsParticipation should also be technoleggnostic. A second objective is an equal level
playing field for all market actors without unwanteaitle effects This refers to the risk of gaming or s&rgic
behaviour in certain market setps. A third objective is to maximize the benefits of sector integration where
the different energy carriers are aligned in different market processes. A fourth and final objective is the
presence of adequate incentisdor market participation through the availability of relevant information such

as anticipated flexibility needs, prices and expected revenues.

3.3.3 Dirivers for coordination and integration

There are many benefits to integration and coordination of markets] anserves various goals (cost
efficiency, maximization of welfare, increased reliability) as explain&kation3.3.2above. In markets with
high degrees of fragmentation, generators can use their market power to raise prices or withhold capacity.
Furthermore,ncreasing the number of participating DERs can be an important improvement; however, it would
still be insufficient in case network coesgfions are easily predictablénd so, a cosgfficient market increases
the competition and reduces market concentration leading to competitive prices for consumers. On the other
hand, fragmented markets become more expensive in the-tengn and they danot promote interoperability
across products and services. Below we describe various drivers which highlight the relevance of coordination

and integration of various markets

9 This is an illustration of various drivers, but the list is not exhaustive.
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3.3.3.1 Skewed distribution of the generation Hfieed

More recently, the integration of renewables has been an important factor that drives -barsker
cooperation. All European countries rely on different electricity resources. For example, France is dominated by
nuclear energy, Germany has still a sigaificshare of coal, while the UK, Spain, and Italy have relatively more
gas in their electricity mix than other European countries. Norway has significant hydro cdB4Lif85]. This
indicatesthat there is considerable room for crebsrder trading, especially within deghead and intraday
timeframes, to make the most owlf price discrepancies between different generation mixes across EU member
countries. The differences in renewable generation can be exploited to solve congestion management and other
emergency situations. Extreme windy days can lead to power flow sesplirom wind parks which can
overwhelm the power grid in one country and neanny days could cause shortages in another country. The

higher the share of RES in the energy mix, the greater the need for coordination and integration.

3.3.3.2 Technical scarcities (8bilizing the grid, ensuring security of supply, managing

increasing congestion)

For the European interconnected system to properly function, the frequency cannot go below 47.6 and
above 52.4 Hz. At the extreme values of 47.5 (under frequency) and 53d@vétzfrequency) all connected
generation and consuming devices would automatically discorn8é¢t Transmissioisystem OperatorsTS0s)
are increasingly facing issues related to volatility in frequency due to the decire#tse total level of system
inertia. This iglriven by the fact that conventional synchronous power generating modules are being replaced
by power electronic interfaced sources such as wind and solar. This further leads to bigger and faster frequency
oscillations from safety values making oscillatidess controllable. As per ENTSA@YNDP scenarios for 2030
and 2040, with higher integration of RES and more distributed generation, inertia in all of the synchronous areas

will decreasd37].

The unexpected incident of peak demand or unplanned and simultaneous outage of severalptentey
e.g. due to extreme weather events and a lack of renewable or coromitiossil resource availability, could
endanger the security of supply. Withoaiproper market framework (e.g. incentives to keep existing and build
new renewables capacity), resource adequacy issues could appkar isespeciallytrue when traditiond
dispatchable power plants are phased out. This will further require stronger coordination between system

operators, regulators, and market operators.

With the share of variable renewable energy resources (RES) increasing, the physical congestion on the
network is also increasing. As pam ACER/CEER report, the total cost of remedial actions to relieve physical
congestions totalled 2.25 billion euros2019[38]. Germanyaccounted for nearly 50% of the overall costs with
more than 1.1 billion euros spent on remedial actions. These costs of congestion management are passed on to

consumers in the form of higher grid tariffsisthereforeimportant to implement solutions and methodologies
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that improve congestion management across borders (for example, grid reinforcements, optimal bidding zones

configurations, common set of market rules, trading closer to-tiga¢ delivery across bordersdluding the

possibility of unit commitment rescheduling or stronger locational signals in tariffs or market products).

The shift to decentralized generation such as siedile wind and solar photovoltaic, is affecting Distribution

System Operators (DS@d$0 and, in some cases, creating problems such as overloading of feeders and voltage

oscillations, that have become more and more common. High -fieeffom wind and other renewable

generators, connected to parts of the networks, which were not originaliynned to accommodate large

generation infeed, has led to higher redispatch costs for network operators. In several areas, major grid

reinforcements are planned or under construction, but take a HaagHime to be completed’.

Since the pace of grid delopment may lag the deployment of DERs, it calls for effective and collaborative

congestion management solutions by TSOs and DSOs, facilitating the provision of flexibility and avoiding the

curtailment of renewable energy production.

3.3.3.3 Ensuring optimal usef flexibility resources

I O0O2NRAY3I (2 F LMzt AOFGAZ2Yy W 2yySOiAy3a G4KS R2:GaY 5A:

by Eurelectric, more than 70% of new renewables will be connected to the distribution system of low and

mediumvoltage gids (e.g., rooftop solar)39]. In addition to this, electrification of endser energy demand

through electric vehicles and electric heat pumps implies that a high number of resourcke wilhnected to

distribution networks. According tthe ENTSEE TYNDP 2020 scenarios report, about 30 to 118 million electric

vehicles and about 40 to 45 million heat pumps could be connected to the electricity grid by48)30his

raises specific operational challenges such as:

f
f
f
f

Complexities in forecasting, observability, controllability.

Coordinated access to resources between TSO and DSO for sourcing ancillary-andilteny services.
Coordination at rgional level to ensure synergies between flexibility portfolios across borders.
Increased interdependencies across sectors, mean that the optimal use of resources should also be

ensured beyond the electricity grid.

wegKS NBOSYyl( WEDGAFEILKYE RRHAEY 5Aa0GNRO0dzAAZY INAR Ay@SailiorSy d 2
euros of investments in the power distribution grids will be needed in EU27+UK ir223RC0 achieve the EU environmental objectives in
areas suchas modernization, digitalization, electrification of buildings and industry resilience. It highlights that the investnteet in
distribution grid is necessary to avoid obsolescence and ensure the replacement of ageing equipment. This allows fok eamepatible
with new digital assets (e.g. digitalised switchgear) that enhance distribution grid observability and enable key fiexiliditg.
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All these resources could potentially contribute to flexibility ensuring stability and sedtigiyre3-4 below
from the ISGAN report on IExibility needs in the future of power systénoutlines the categorization of
flexibility needs in the dimensions of space and tif#&] and showsghat flexibility required at the grid and
system level could vary in timescale from seconds to minutes and hours anddd&y8ystem flexibility here
meansmaintaining stable frequency and securing balance in all the energy flows. And grid flerilitiths

maintaining voltages and transfer capacities within threshold limits.

To unlock the potential of this flexibility, catinated market processes and standardised data exchanges
between various stakeholders will be required. Proper coordination between TSOs, DSOs and FSPs is required
since the DERs can provide services to tackle locaémendent problems such as congestobut also, if

properly aggregated, for supporting the traditional flexibility needs such as balancing and portfolio optimisation.

Chapter VI of Regulation 2019/943 df June 2019 calls for close coordination between TSOs and DSOs and
is being realisethrough several ongoing initiatives such as the BRIDGE Initiative, EU Smart Grid Task Force, the
ENTSEE Research, Demonstration, and Innovation Roadmap-2020, and several pilot projects and market
initiatives in which TSOs and DSOs cooperate for tieeusement of flexibility from DER (Gopacs, Enera,
Interrface, Nodes, etc[p], [42]. The purpose of flexibility coordination and integration is to make sure that the
allocative efficiency of flexibility used fdifferent purposes is maximized and at the same time, flexibility trading

by one market party does not create negative effects for other market parties.

1 The figure does not consider the lotgym analysis of voltage stability and as a consequence is not algestlict the scarcity of
reactive power and need for investments.
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3.3.3.4 Address partial grid alienation

Today, Europe has around 3500 renewable energy cooperatives as péndimgs of ELfunded project
MECISH43]. Furthermore, an Europwide inventory of citizeded energy initiatives and projects showcases
over 10,000 initiatives in 29 countriepl4]. These renewable energy cooperatives and citieeh energy
initiatives are driven by the need for sdlfifficiency and desire to be energy independent but are still expected
to rely on the grid as a bagalp. As the cost of renewable generation declines, these decentralized local models
could become more and more attractive and increase the complexity of sygpemaions. Increased number
of prosumers, renewable energy cooperatives and aggregators responsible for optimizing behind the meter
assets will no longer be dependent on net kWh purchases from thecgiidfact some may become net
exporters. In such casthe important service of the network will not be providing energy, but rather ensuring
backup service in addition to balancing services, voltage and frequency support and power quality. Thus,
flexibility solutions are very important since the nature oérsactions can vary from a more horizontal
arrangement (e.g., dynamic pricing) to more vertical arrangement (e.g., local aggregator or -teskdt

flexibility procurement by DSOs).

The future power system and grid must be able to respond to all the athivers and associated challenges.
Flexibility and integrated markets are key to maximising the use of existing infrastructuneatde secure,

reliable, and coseffective development of the future transmission/distribution grid.

3.3.4 Market integration and coordination irpractice

The definitions for integration and coordination were definedSection3.3.2 In this section, wdook at
various initiatives and projects on information sharing between TSOs and DSOs being trialled and implemented
all over Europe today. The objective of introducing this section is to showcase holifegabjects showcase
effective integration andaordination between TSOs and DSOs by supporting sharing of tools and competencies.

The projects are the result of either TSO innovation projects or initiatives independently led by DSOs along with

third parties such as technology developers, power exchaagel energy suppliers. ENFS@ & NBGASg 2F SE

flexibility projects has identified three categories of projects: Aggregators, Data exchange platforms and
flexibility platforms[45]. Data exchange platforms facilitate the exchange of grid, market or meter information
between various entities across the energy supply chain. However, these platforms themselves do not support
marketbased procurement or administiian of dispatch of energy or system services. Flexibility platforms are

the digital platforms that facilitate or coordinate the procurement, trade, dispatch and / or settlement of energy

or system services. These include both local flexibility platforfmswresolve constraints on the DSO network

as well as balancing platforms (e.g. TERRE). Furthermore, flexibility platforms are categorized based on their

operational models:

1. Flexibility platforms as administrative flexibility coordinators
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2. Flexibility platorms as seltontained marketplaces

3. Flexibility platforms as market intermediaries

3.3.4.1 Flexibility platforms as administrative flexibility scheme coordinator

In an administrative flexibility scheme, coordinators provide support for a centraliseebasstl #ocation
of flexibility (and not markebased allocation of flexibility), by facilitating data exchange between relevant
stakeholders. DA/RE is one such example of a platform that facilitates coordination between TSOs, DSOs,

generating units and storagenits in Germani?.

3.3.4.2 Flexibility platforms as seltontained marketplaces

Todaythere are some selfontained marketplaces (e.g. PicloFlex) for congestion managetinanénable
flexibility to be exchanged between FSPs and DSOs, across both time andldiagmsions. Selfontained
marketplaces relate to the flexibility platform which performs essential functions of a marketplace such as
running auctions, clearing transactions and settling payments between system operators (SOs) and Flexibility
Service Ryviders (FSPs). Such marketplaces are less mature compared to competitive wholesale and balancing
markets. Seftontained marketplaces include more lochinension specificities in their products, and so it will

be more challenging to integrate them.

Selfcontained local markets are better able to respond to variations in local system needs, improve access
for DSOs and provide faster responses to network congesfidreyalso provide the opportunity for the market
to reveal the product design that works ther for users through innovation rather than stalling it through

standardization and regulation.

However, the existence of wholesale and flexibility markets in parallel may present arbitrage opportunities,
for example, generation schedules of plants argtincreased in the wholesale market and then reduoedhe
flexibility market which may lead to potential gaming possibilities. In addition, fragmented local markets with
smaller bidding zones may create liquidity problems and require an increased level of coordination across

markets to manage imbalances cted by activation.

2 Test partners for DA/RE platform are: EnBdtwuerttemberg DonauRies, Regionalnetze Linzgau, ED Netze, FairNetz, bnNetze, MVV
Netze, Stadtwerke Schwéabisch Gmiind, Stadtwerke Karlsruhedvetze, Stadtwerke Heidelbeamd EGT Energie
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3.3.4.3 Flexibility platforms as market intermediaries

Market intermediaries are the types of platforms that facilitate penetration of DERs into existing wholesale
energy and balancing markets (e.g. Nodes or Equigy platféfyror act as aingle gateway for SOs to procure
flexibility through established wholesale energy and balancing markets (e.g., GEPMEKEt intermediaries
facilitate the exchange of standardized balancing and congestion management products. Within the INTERRFACE
project, Interoperable pafEuropean Grid Services Architecture (IEGSA) aims to facilitate competition between

energy markets by linking wholesale, retail, balancing and new congestion management rivkets

Intermediary markets will increase the number of market parties that effectivetypete in wholesale and
balancing markets: either by simply increasing the size of the market or by encouragingmrgysketween
neighbouring member stateshereby unlocking new business cases that would not have been possible in a

smaller market.

A mdor difference observed is that setbntained marketplaces act as markets for congestion management
and market intermediaries act as integrators to existing wholesale and balancing markets. Market intermediaries

could play a key role in achieving an efit overall allocation of flexibility.

13 NODESntraFlex, NODESIorFlex and Piclo Flex are currently only used by DSOs to procure flexibility for congestion management
purposes.

1 Founded by an international consortium of TSOs, Equigy is andndeptly operated markeintermediary platform that integrates
with existing TSO ancillary services markets and redispatch processes.

15 GOPACS is the sole congestion management platform fowradestion related actions from DSOs and the TSO iN&terlands.
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4 Barriers to fully coordinated and integrated markets

This chapter provides an overview of the barriers to fully coordinated and integrated maHigtse4-1
below explains the interelations between sulthapters. First a list of initial theoretical barriers is presented in
Sectiond.1. Second, a gapnalysis is performed by presenting initial list of theoretical barriers to demo clusters
and we obtain feedback on the relevance of each barrier to the countopefation inSection4.2. Finally, the
initial list of barriers is complemented with additional barriers identified based on external discussions and also
recently published ACEHRamework Guideline on Demand Response (DRFQ)he entire list is subsequently
mapped with objectives of coordinated and integrated markets identifie8eantion3.3.2and is presented in
Secton 4.3,

Section 4.3

i Consolidated
section 4.1 Section 4.2 Section 3.3.2 verview of
Demo gap- barriers
analysis to (\'nc!qding
obtain feedback i - Sy bar:g:’sltt::::; o
Bl relevar_n:e of & integration
each barriers & : exter.nal
identifying mteré;:ctlonst&
missing barriers most recen
policy guidelines)

Initial mapping of
barriers: Market

coordination- Objectives of

related, market
architecture &

operation related,
and Market-access
related

Figure4-1: Interlinkages between suthapters towards consolidated overviewbaiiriers

There are various reasonghy most of the units that are connected to the distribution grid do not yet
participate in providing ralispatching services to TSOs, except for some combined heat and power (CHP) units
or large electriboilers[47], [48]. Some of the constraints on the effective participation of distribution connected
DERs may include the lack of explicit agreement or coordination with locabriebperators, product design
and other technical constraints (such as the response time, requiredine@lmeasurement and accordance
with the minimum bid size), and in some cases the absence of a regulatory aggregator framework at the national
level. h this section, we intend to dig deeper into various limitations to the coordination and integration of
markets. The list of initial theoretical barriers investigated in this section is based on several publications
including the joint reportdRoadmap onhe evolution of regulatory framework for distributed flexibibtipy
ENTSEE and European associations representing D&@ktheEU Smart Grids Task Force report on demand
side flexibility, challenges described in ONENET deliverabléC&drview of markedesigng and academic
material at largg49], [26], [63].
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4.1 Theoretical barriers to coordinated & integrated markets

Below various theoretical barriers are classified intoree categories: market coordination, market
architecture and operation, and market access and aggregation related barriers. Each barrier is explained further

in detail as follows.

4.1.1 Market coordination related barriers

Market coordination related barriers

Allocation Lack of
principle between coordination and
system operators integration

between markets

Insufficient
coordination
between system

Timeframe for
coordination

S ]

Timeframe for
coordinating
market phases

Limitations of integration with
Pan-EU markets
(Gaming strategies, specific and/or localised
needs, implementation and transaction costs,
effect on competition)

Figure4-2: Various market coordination related barriers

4.1.1.1 Lack of coordination and integration between markets

Timeframe for market coordination

The clearing of the energy and ancillary services markappen simultaneously in the USA, whereas in
Europe it works as a sequential clearing. Currently, the most frequently used option in European balancing
markets is the sequential clearing of capacity and energy bids (generally, even if bidders are netdawignd
their balancing capacity bids, they still have a chance to submit balancing energy bids). The sequencing order of
markets is dependent on many variables such as the bidding frequency, how often a specific auction takes place,

the bidding period, tk timeframe between gate opening and closing times and the frequency of market clearing.
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Market gate opening and gate closure times (GCT) play an important role in determining whether FSPs that
were not awarded in the balancing capacity market can stitratheir energy in one of the spot markets.
Timeframes for markets, especially gate closure times (@@Iesolution of trading products also affect the
market efficiency. GCT being too far away from the delivery period could cause large forecastimereesing
overall system demand in subsequent markets. Similarly, hourly resolution in DA cannot accurately reflect the
supply and demand dynamics, especially for RES whose variability can be significant droar dsig50].

For example, the current GCT of eltyead market is typically 12:00 PM dalyead. It is criticized for being too

far from the delivery period (ideally it should be no more thamibbetween GCT and the delivery peri¢st].

The lead time of 36 h for the last hour of the following day could cause large forecast errors, putting RES
generators into an imbalanced pition close to the delivery period and increasing overall system demand for
balancing in ID and balancing mark@t9]. The time resolution of trading products could also affect market

efficiency.

Integration of emerging markets with existing market

Lack of integration between emerging and existing markets either via information sharing, agreeing on
common protocols, or timely retrieval and processing of data across different operating systems is also one of
the major barriers to efficiently allocatinflexibility. As explained iBection3.3.4 Intermediary markets (a type
of flexibility operating model) increase the number of market partieg #ftectively compete in wholesale and
balancing markets: either by increasing the size of the market or by encouragingeatogsbetween
neighbouring member states, thereby unlocking new business cases that would not have been possible in a

smaller marlet.

Timeframe for coordinating the market phases (order of sequential mark&amework from
prequalification phase to settlement)

Insufficient coordination of flexibility markets with existing markets especially in the market phases such as
prequalificaton, procurement, activation, settlement etc. could also lead to overlapping time windows between

market phases, causing conflicts or undesired effects.

4.1.1.2 Allocation principle of resources between system operators

In the near future, flexibility can be usetb provide value not only from an overall system perspective
(stability, frequency, and energy supply) but also from a local perspective (transfer capacity, voltage, and power
quality). For both system and local/g#ielvel, coordination between TSOs and@sSwill be important. However,

in certain cases, when common markets are useither priority nor exclusivity are preefined.
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Insufficient coordination between system operators

One single asset, if appropriately pgealified, might be able to providelekibility for congestion
management in the DSO grid, for congestion management in the TSO grid or for balancing performed by the
TSO. Therefore, there is a need to ensure coherence between all congestion management and balancing bids.
For system operatorso communicate their needs in different timeframes, proper interaction is required
between two Merit Order Lists (MOLs) to avoid double activation of the same asset and ensure the secure

operation of grids by performing coordinated grid impact assessments

The flexibility activation scenarios causing various types of conflicts between TSO armtdaB@ined in
Table4-1 below. This table is an adaptation based on the IEEE PES gidgetifying TSEDSO conflicts when

acquiring ancillary services from electric vehié]g2].
Table4-1: TSEDSO conflict scenarios for flexibility

Regulation | Regulation

. Type .
Scenarios Type for Type for Problem Solution

Conflict

Flex activation Up Up Remuneration Optimal_
solves problemg (Gen and | (Gen and scheduling
1 NA
for both TSO Load ) Load )
and DSO
Flex activation| Down Down Remuneration| Optimal
5 solves problemg (Gen and | (Gen and NA scheduling
for both TSO| Load ) Load )
and DSO
Down Up Distribution Technical Prioritization
Flex activation| (Gen and | (Gen and | overload Or
satisfies the| Load ) Load ) (Exceedingapacity Cancellation
needs of TS limits of of
3
but causes 3 components) unfavourable
problem for bid based on
DSO grid-impact
assessment
Up Down Distribution Technical Prioritization
Flex activation| (Gen and | (Gen and | overload Or
satisfies the| Load ) Load ) (Exceedingapacity Cancellation
needs of TS limits of of
4
but causes 3 components) unfavourable
problem for bid based on
DSO grid-impact
assessment
Flex activation| Down Up System imbalance | Technical Compensate
5 satisfies the| (Gen and | (Gen and | or Transmission imbalances
needs of DS Load ) Load ) overload(exceeding or
but causes 3 thermal limits) Prioritization
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problem for
TSO
Flex activation | Up Down System imbalance | Technical Compensate
satisfies the| (Gen and | (Gen and | or Transmission imbalances
needs of DS Load ) Load ) overload(exceeding or

6 S Lo
but causes ¢ thermal limits) Prioritization
problem for
TSO

Scenarios And 2 occur when a resource can satisfy the needs of both TSO and DSO. However, the offered
flexibility may not necessarily be enough to satisfy the needs of both TSO and DSO. The type of conflict identified
here is related to remuneration, sie one flexible resource can satisfy multiple needs. Hence, it is important to
define a fair way to remunerate the flexible resource (e.qg. identifying which service the resource is remunerated
for, and determining whether it is fair for the price to be tekame even though required performances are
different). The solution could aim at optimally allocating flexibility products both from an economic and technical

point of view.

Scenarios &nd 4 occur when the TSO uses resources from the distribution Hritlis service is mainly
organized without any involvement of the DSO, it potentially could lead to problems in case of increasing
volumes. For example, balancing activations executed by a TSO can reduce the quality of service due to power
line congestion, voltage constraints or overloading of the power transformer at the TSO/DSO border. As a
result, affected DSOs could be informed about the relevant trades in the balancing raatkéteir approval
could be requested before activatiorhis would result in DSOs validating flexibility resources to avoid
constraints in the distribution systed§ { A YAf I NI @8> (GNJI RS F2NJ O2y3SaitArzy NBEf
contribute to congestion in the network of another involved DSO due to caurdeling. Therefore, at least all
the affected parties of an ongoing trade should be informed before trade finalizeimce the type of conflict
explained above has a technical nature, the solution is to have either a) prioritization rules or b)atenmcef
unfavourable bids based on gHichpact assessment and communicating the outcome to involved stakeholders

or c) efficient overall allocation of flexibility via the common market framework.

Scenarios &nd 6 occur when a DSO activates flexibiliysblve a local problem in a particular area. It may
lead to a problem at a system level in terms of balancing. In balanced operating conditions, a decrease of
consumption to prevent congestion at distribution level could force the BRP to increase thengaitn
elsewhere or cause a system imbalance. Like scenarosl 8 above, the conflict has a technical nature, and

the solution is to have either a) prioritization rules or b) cancellation of unfavourable bid based émpaict

161 addition to this, other option could be the coordination between IBED at the interconnect point (Substation level), and the
acting as a proxy for the selection of resources for cm and voltage control. This has already been implansemedcountries and subject
to research.
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assessment and commuaittng the outcome to involved stakeholders or c) efficient overall allocation of

flexibility via the common market framework.

4.1.1.3 Limitations or sideeffects of integration with existing PaiitU markets

Possibility of gamingstrategies when combiningwo or more markets

a)

b)

The possibility for market parties to trade sequentially in different market timeframes can lead to
strategic bidding and thus maximize the trading profits of certain bidders. Such bidding behaviour is not
per se necessarily harmful nor illiditut in some caseg especially for markets with strong locational
aspects- can lead to market inefficiencies or even to abuse of market power. For example, if market
participants can predict the outcome of the market and of network congestions, they dapt heir
strategy within the wholesale, balancing and/or congestion management markets. The gaming risks
appear particularly evident when combining zonal wholesale markets with redispatch markets (which
are by definition locationat i.e. nodal). This fferent geographical granularity of the two markets, and
hence the different pricing mechanisms, can lead to theaked "Inedec gaming"; a bidding behavior
used for instance by Enron during the 2000 Electricity Crisis in California. As in many zde#é, ma
network congestions are recurrent and predictable, and generators can anticipate higher profits by
selling their production on the congestion management market rather than the wholesale market (or
vice versa). Generators in the scarcity area off@irt energy at higher prices in the wholesale market,
remaining out of the merit order curve but knowing they will sell their power at such prices in the
redispatch market, as they will be selected by the system operators for upkeaigpatch to relievelte
network congestions. Generators in the expodngested area apply an opposite strategy knowing they
can buy back energy at lower prices in the redispatch market when they will be redispatoheavard.

Such gamingpehaviourleads to even higher congésh, windfall profits for generators, and ultimately
higher costs for society. These risks have also been identified by European Redb®tors

These gaming risks cae mitigated by different regulatory or market design measures. Increasing the
number of participating resources in the marketwhich should be the case in the future thanks to
distributed energy resourcescan be an important improvement; however, it widwstill be insufficient

in case network congestions are easily predictable. In fact, as demonstrated by L. Hirfe4tgaming
strategies can occur even with perfect competitidhis market power would only be an aggravating
factor. Alternatively, market power mitigation techniqueas used by US 1S©sould be introduced to
impose costbased bidding on assets which, for their specific location and nature, could exercise market
power if they were allowed to bifteely in redispatch markets. Lastly, while this would require
important changes, a nodal market design would ensure consistent geographical granularity across all

market timeframes, preventing such gaming risks.
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Effects d competition and liquidity

To promote competition and new services in the European electricity market, market participants must be
able to offer their services in all markets. And thus, liquidity is an essential element offanatibning market
delivering effective pricing, reducing fragmentation, and enabling FSPs to provide their services where they bring
the most value to the system. The synergies that could result from market coordination and integration of
markets could bring improved efficiencinteroperability of diverse market processes is a bare minimum
NBldANBYSYy(d F2NJ by AyGSaINIGSR aeaidsSvyQa | LIWNRIFOK® LG A
markets and the potential stacking of these services. This will not only préveain so that FSPs can access

alternative revenue streams, but it will also boost market liquidity.

The longterm view of system operators is that congestion should be solved through a rrzaket
allocation of flexibility services (voluntary or mamoiy bidding, possibly in combination with cesased
regulation when considered appropriate by the Regulator) where technically feasible angfficisnt.
However, such competition and liquidity can be limited by the specific location of grid consteaidtrelated
necessary flexibility assets to relieve such congestion. In some cases, there cannot be a multitude of FSPs to
create a market with competitive bidding. It becomes more difficult for TSOs and DSOs to find FSPs as
counterparties if markets havlow liquidity and consequently this may lead to inefficient prices as well as higher

risks of market power abuse.

4.1.2 Market Architecture and Operation related barriers

Market architecture & operation related
barriers

Products & services

Harmonized products

Pre-qualification requirements

Harmonized rules for baselining

Harmonized rules for activation &
settlement

Role of Market Operator

Figure4-3: Various barrierselated to Market architecture & operation.
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4.1.2.1 Products & services

Most of the following barriers within this section have been identified within the scope of the JoiIRDE80

taskforce on distributed flexibilitj26].

a)

b)

Harmonized productscurrently the only characteristics for products defined at the EU level are day
ahead, intraday, and standard balancing products. Higkl principles of harmdmation have been
defined in OneNet deliverable D2.2 for congestion management and voltage ctityet sufficient
alignment with balancing and wholesale markets which aimettuce barriers for market parties who
wants to provide flexibility in differarEU market$55].

Pre-qualification requirements When it comes toprequalification methods, theechnology and
performance requirements vargcross EU markets and timeframég.the moment the product pre
qualification process is regulated at #8vel for TSO balancing services only and partly for voltage
control services. Théack of alignment of the product prequalification process, while guaranteeing
coordination between system operatgrsand while justified in some cases, leads to multiple
prequalification processes which can limit the integration of markdt/ing some harmonization
principles in line with balancing product pgeialification requirements may alleviate this barriéhere

is a need to harmonise/standardise access to-quealification requirements related data (e.g., location,
duration, ramp rate etc.) from different system operators which could in turn lower the entry barriers,
increase the liquidity of markets and thosntribute to market integration and development of flexibility
service providers. However, the national specificities such as the differences in generation mix, market
design, network etc. could make the prequalification process difficult to harmonizeiétlee products

are harmonised. In addition to this, there is no specific guidance or legislation regarding a framework
for grid prequalification of congestion management service providers.

Harmonized rules for baselinind he baseline calculation methobbgy (baseline based on averaging of
recent historical load data or regression considering several factors such as weather, load behaviour,
system demand or comparable day methods etc.) is different from country to country and also within a
country dependhg on the products and services provided. There is however a lack of a common
standard for the data to be used to facilitate the interoperability of solutions from one baseline
calculation methodology to the other.Verification ofactivated flexibilityrequires accurate
measurementnd the exchange of dafar settlement purposes. Lack of alignmentthe technical
specification®f submetergdata parametersstandard datgormats,communication protocols, data
quality etc.)could increase complexitieshgn it comes to participation in the provision of flexibility
servicesRequirements for sulneter data validation should ensure the quality and granularity of sub
meter data. Coordinatindarge scalebehaviourof small units(and underlying IT communicati

systems)s also quite complex.
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d) Harmonized rules for activatiomnd settlement: The activation of all the flexibility services should be
coordinated and prioritized between TSO and DSO to avoid unintended efiettiement of flexibility
services other than for balancing energy is not addressed in the existing regukidthermose, data
required for settlement should be by default required in disaggregated per service provider unit or
group. This is important in order to allow aggregation mede work properly. A coordinated
settlement approach between system operators, evepl#tforms are separated, could improve value
stacking potential. Here as well some general EU principles could facilitate the development of
consistent market designs across the EU. Lack of harmonization of data exchange principles for
settlement may incrase the risk of market fragmentation, leading to varied rules and organizational

setups across member states.

4.1.2.2 No definition for the role of Market Operator (MO) for flexibility services

European regulation introduced theole of Nominated Electricity Marke h LJS NJ 2 NJpotvér9 a h €
exchangeorganizingcrosszonal trade irthe wholesale energy markets (DA and Whjle in ancillaryservice
markets, TSOsre the naturalmarket operators, either individually at theational level or jointlyfor the EU

balancingplatforms such aMARI, PICASS@Dd TERRE.

Whetherthe MO for flexibility serviceshouldbe regulated and if so, how? andits interactionwith other
market operators is not definedOptions for the market operatoincludea network operato{DSO or TSO), a
group of operators, an independent market operator (IMO) or a third pditys aspect, while relevant in general
terms, may not necessarily impact the degree of efficiency and market openness of flexibility markets. At this
point in time,EU framework guideline on demand response (FGDR) foresees the rules on this topic to be further
executed since the market for distributed flexibility is still developing and too detailed regulation on this topic
may hamper innovation. Having said thiswituld be beneficial for FSPs and Market Operators if the interface
between TSO/DSO and the Market Operator and the one between Market Operator and FSPs were to consider

the standardization of some elements of the trading interface.
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4.1.3 Market access and rukefor aggregation related barriers

Market access & rules for aggregation
related barriers

Market Access

Lack of multilateral data
exchanges

Limited access to necessary
information about network

Market contracts for FSPs

Availability of disaggregated data
Grid constraints representation

Figured-4: Various barriers related to market access & rules for aggregation.

4.1.3.1 Lack of multilateral data exchanges betwedisOs/DSOs/FSPs/3RArty

In the near future, with new processes and interactions between decentralized assets such as electric
vehicles, heat pumps, solar PVs etlie market parties who control such assets and between TSOs and DSOs
need to be developedral strengthened. For example, to enable markesed congestion managemesgcure
and easy exchange of bids, location, measurements etc. should take plack & harmonized processes and
interactions could lead to fragmented solutions which could beercostly in the longerm, threatening the
interoperability between products. Key Organisational Requirements, Roles, and Responsibilities (KORRR) is a
panEU proposal developed by TSOs that establishes requirementsofirdinated processes/functions
between system operatord56]. Implementation of SOGL data exchange requirements Hrel KORRR
methodology could ensure that both TSOs and DSOs obtain necessary data for performing grid assessment.
Scattered exchange of retiime, scheduledforecast, and structural data between TSOs, DSOs and @@lds
also pose a threat to interoperabilitgnd so a consistent EU data exchange framework based on SOGL and
KORRR is important. Here FGDR provides forational single tool/interface for the registration and

prequalification of providers and units to all the services.
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4.1.3.2 Limited access to necessary information from system operators about needs for

network services

Market parties should have necessary imf@tion about the needs for network servicesg. requests from
system operators for flexibility services, location of congested grid area, rules for organizing the qratkst
participants, the technical requirements such as approved capacity latitation, ramp rate etc., including the
determination of settlement prices, rules for measuring performance, conditions and manner of use of services
by operators. If the necessary information is not published and the access to different data from di$fgstm

operators is not harmonized, then it would impact market integration.

4.1.3.3 Market contracts for FSPs

¢tKS S5ANBOGADGS 69! 0 Hnmpkdnn RSTFAYSE 'y AYRSLISYRSy
F3I3INBIFGAZ2Y 6K2 A& VY2 dzLILE RASAEUsTdR cai # pdifdtrfed BydzaRs. FSFBND &
can help TSOs by offering balancing services, DSOs to manage their local constraints and finally engage with
DERs and customers, thus unlocking commercial applications such as portfolio optimization, peak shifting, and

peerto-peer trading etc.

If technically feasible and unless there is a clearly defined need, exduarketcontracts where flexibility
is loked into one market or one product, should be reduced. The terms and conditions in market contracts
should not prevent FSPs from offering their flexibility to the markd®. This could help FSPs ensure equal

access to all markets, either directly or aggregated.

4.1.3.4 Availability of disaggregated data

There could be two approaches to prequalification: thdsed and portfolidbased. Unibased
prequalification is where single or aggregated units are connectadcmmmonconnection point and portfolio
based prequalification is where aggregated units @wanected to more than one connection poi@urrently
there is no indication at EU level as to how data from aggregated portfolios with adequate granularity can be
made available to TSO/DSO to perform gudqualificationand gridassessment. TSOs an&@s may use
extremely conservative margins during ggrequalification and grichssessment due to a potential lack of
information regarding how each resource within the aggregate contributes to the delivery of the service (i.e.
when and how much), whictoald lead to the imposition of arbitrary restrictions or the inhibition of the bid or

service delivery, restricting market access.
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4.1.3.5 Grid constraints representation

The more accurately a market design reflects the physical constraints of the underlying grid, the more market
LI NIASEQ GGN}XyalOliazya OFy ©6S 002YY2RIFEGSR gAGK2dzi £ AY
operator. As an example, with nodadarket design, no redispatching is needed by TSOs after the market has
cleared, as grid constraints are incorporated in the market clearing algorithm. Locational marginal pricing
associated with nodal market design maximizes economic efficiency, congjaert only dispatching costs but
also the costs of network congestion and losses. As congestion management markets (i.e. redispatching) are
mostly used to solve local congestions, having wholesale and balancing markets based on zonal models, i.e. with
a less granular degree of grid constraints representation, can increase arbitrage and gaming opportunities, as
also highlighted irsectiord4.1.1.3

The sharp increase of new RES assets connected to the grid during the last two decades, often concentrated
in new locations (e.g., offshore wind) distant from consumption centers, has not been matched by the speed of
reinforcing and extending the transmissi@nd distribution grid. As a result, despite the ongoing network
investments, congestions are increasing in many parts of Europe. As such, it can be argued that the current
European bidding zone configurations do not sufficiently reflect structural ceoiegssin all the European
market areas, leading to suboptimal price signals for generation and desidedesponse. The efficiency of
the current bidding zones configuration is assessed by ACER every 3 years, considering a technical report on
structural @ngestions prepared by ENTEQas well as a market report evaluating the impact of the current
bidding zone configuration on market efficiency, prepared by AGERanrEuropean bidding zone review

process is currently ongoing, following the recast of Eiectricity Regulation in the Clean Energy Packaije

When proposing alternative bidding zones, configuration is already a technically complex and highly
controversial task. The ultimatéecisionmaking process lies with Member States, where additional political
sensitivities and public acceptability play a role. For this reason, having a bidding zone configuration which

adequately represents ufp-date grid constraints can be extremeliffitult.

4.2 Democlustergap analysis

After having obtained the knowledge of various barriers to coordinated and integrated markets presented
in section4.1, a demo cluster gajpnalysis exercise was conducted to understand the steps needed to move
from markets in isolation (e.g. for a specific System Operator, a specific country, or a specific service) to
integrated and scalable markets with seamlesgrdination between DSOs and TSOs, TSOs and TSOs, DSOs and
DSG@, SOs and FSPs (e.g. suppliers/aggregators/consumers/prosumers), within anrcoartsigs. InSection

4.1various barriers and harmonization challenges were presented.

Within the joint scope of dsk 3.2 and ask 3.4, a dedicated consultation moment in the form of two

workshops was organized withll of the country representatives within demo clusters: Northern, Eastern,
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Westernand Southern. The objective ¢fie consultation moment was twdold: first,to present the list of initial
theoretical barriers to coordination and integration of markedsdemo clustersobtain immediate feedback on
the relevance of each barrier to the countryagferation and identify if @sk3.2 has missed any barrier (response
captured in the form of survey)scondy, to better understand each coun® approachto addressing
congestion management and voltage control. The information was capturedquentry in order to benchmark

markets against each other and capture progress toward integrated and scalable markets.

These consultation moments would eventually allow tlemo clusters to adapt their approaehin case
this is found to beuseful, or vice versa, to challenge the WP3 recommendations with results from the field. In
section3.226S KI @S RSSL) RAGSR Ayid2 AYRAGARdzZ t O2dzyiNRSa

management and voltage control. Subsequently we have presented the theoretical barriers in dettion

As a part of the first consultation moment with demos, an analysis of the relevance of each of the 21
theoretical barriers for all countries within the demo clusters was conducted. The relevarezctobarrier was
YSI adzNBR F2NJ Fff O2dzy iNASE 6AGKAY (GKS RSY2 Of dzadGd SN 2y
being takeninto consideration as shown in the simple matrix iRigure4-5 below. On the horizontal axis
WEA|1SEAK22RQ AYRAOIGSAE GKS FNBIljdSyoOe +ra ¢Sttt la GKS
WAYLI OGQ AYRAOIFIGSa (KS &aS@OSNAGe 2F GKS oF NNK SN

Somewhat relevant Very relevant

(>0.9 and <1.8) = (>2.7) =
High impact and low High impact and high
likelihood likelihood
Transfer the barrier Terminate the barrier
Impact
Not relevant Relevant
(<0.9) = (>1.8and < 2.7) =
Low impact and low Low impact and high
likelihood likelihood
Tolerate the barrier Treat the barrier
Likelihood

Figure4-5: Relevance matrix for barriers

The relevance of each barrier was scored on a weighted average basis for each of the cluster regions.

1 Not relevant: indicates low impact and low likelihood of tierrier occurringand thus that the barrier
can be tolerated.
1 Somewhat relevant: indicates high impact and low likelihood of the bamgeurringand thus that the

effective management of the barrier could be delegated to another party.
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1 Relevant: indicas low impact and high likelihood of the barrier and thus that the responding party is
certain to act on treating the barrier.
1 Very relevant: indicates high impact and high likelihood of the barrier and thus the barrier is going to

have a significant impaon the business or operation and that it should therefore be terminated.

The barriers and harmonization challenges that were identified as relevant or very relevant are shown in
Table4-2 below. The most recurring barriers identified-latist across three or four regions are highlighted in
bold.

The second step withitihe consultation moment was to understand the following:

1. The arrent approach used ithe demo country when addressing congestion management and voltage
control.

2. Barriers to the integration of potential congestion management and voltage control marketshiato t
mix of the current energy markets (wholesale and balancing)

3. Oneof the presented barriers habeen identified in the development of the work for OneNet demo
and plango overtakethe barriers For context, better understand whether:

a. a DSO participatas the congestion management market; and
b. whetherdemand facilities and aggregators will participate

4. Whether demo country plans to test potential congestion management and voltage control via
marketbased process?

Point 1 above was outlined Bection3.2.2above.

Thesectionsbelow also provide insight into points 2 and 3 above on how various countries within clusters
perceive barriers to the integration of potential congestion management and voltage control markets into the
mix of the current energy markets (wholesale and balancing) and how they pleammvingany of the barriers

based on the development of the work withdemonstration efforts.

A ranking is calculated for each barrier in each cluster by multiplying the relative proportion or percentages
by their value in sequence and adding those sums together. The summary of the consultation moment, the

background anabkis (performed per cluster) along with the scoring system can be fouAdriex B
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Table4-2: Summary of barriers & harmonization challenges identified as relevant or very relevant for Clusters

Barriers

lack of communication between SOs on forralidcation of products and resources
lack of coordination between markets on timeframes (especially GOT, GCT and trading resolution of

c
-% products)
= _g lack of coordination between markets on market phases (from prequalificaticetttement)
-;‘:_U g implementation of bid forwarding and adequate interfaces
=0 missing uniform principles on implementation of interoperable flex resource register
S lack of alignment oprequalification processes
© lack of harmonization for products
g lack of higHevel principles of harmonization for market operation (e.g., market clearing type, pricing,
3 procurement frequency ...)
o lack of harmonized rules fdraselining and settlement
g lack of alignment in technical specifications (e.g., of submeters)
% different implementations of KORRR data exchange processes and function
E’ ensuring appropriate cybersecurity for operators, markparticipants and consumers
E diffe_rent sizes of procurement areas depending on the service, grid topology and boundaries managei
= the involved ®for market integration
= uncertainty about the role of the market operator
- existence of exclusive market contracts that lock flexibility into one market
9 .% Igck of (harmonized) interfaces that enable market access for FSP value stacking across timescales a
S different markets
§ % lackof harmonization of market optimization methods between markets (centralized, decentralized,
s distributed)
g S optimization strategy (sequential, simultaneous, or independent clearing of markets)
—g g different objectives across markefsiaximize welfare, minimize costs, or both)
=2 insufficient representation of grid constraints (in the light of more dynamic utilization of the grid)
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4.2.1 Northern cluster

Within the Northern clusterthe following barriers were identified as relevant or highly relevant (the text

boxes inFigure4-6 show the relative ranking based on scoring criterid ¢ghe barriers with a value greater than

or equal to 1.8 are also indicated below):

il

=A =4 =4 =4

f

lack of coordination between markets on timeframes (especially GOT, GCT and trading resolution
of products)

missing uniform principles atme implementationof interoperable flex resource register

lack of harmonization for products

lack of higHevel principles of harmonization for market operation (e.g., market clearing type,
pricing, procurement frequency)

lack of harmonized rules for baselining and kettent,

lack of alignment in technical specifications (e.g., of submeters)

existence of exclusive market contracts that lock flexibility into one market.

lack of (harmonized) interfaces that enable market access for FSP value stacking across timescales
and different markets.

insufficient representation of grid constraints (in the light of more dynamic utilization of the grid)

ensuring appropriate cybersecurity for operators, market participants and consumers

In general, countries withithe Northern cluster consider facilitating easier market access for FSPs as one of

the biggest challenges. The market access could be a single access ploénttarket for FSPs (e.g. via market

operator, flexibility register). The countries within the Nagth cluster also consider avoiditeyge number of

products and overlapping of different products (for e.g., intraday, and nAeattime products should be

sequential). By defining common products for different needs or services, it would be possilaeetdigher

liquidity on the market. Finally, from a cybersecurity point of view, it is especially important to have secure data

exchanges along with tools for data privacy and consent management.
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missing uniform principles on implementation of interoperable flex resource registero_iﬁ 1.86
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lack of high-level principles of harmonization for market operation (e.g. marketm —‘_

clearing type, pricing, procurement frequency ...)

ing and settemento TG 1.83 0%

lack of harmonized rules for b

lack of alignment in technical specifications (e.g. of submeters)ORI 0 67% - 2.33 A

different implementations of KORRR data exchange processes and functiono_ 1-67:3[15{7,% 0%

ensuring appropriate cybersecurity for operators, market participants and consumerso_éa% _E—

e oo s e ™! I— G
uncertainty about the role of the market operatoro_ﬁml‘ﬁm 0%

existence of exclusive market contracts that lock flexibility into one marketO_?% _TIZ—

lack of (harmonized) interfaces that enable market access for FSP value stacking acrosso_m %1:) [

timescales and different markets it

lack of harmonization of market optimization methods between markets (centrallzed,o_ﬁ:ma% Gy

decentralized, distributed)

quential, simultaneous or independent clearing of markets)o ORI 1 67 0033% |2

optimization strategy (:

different objectives across markets (maximize welfare, minimize costs, or both) —1.33 =

insufficient representation of grid constraints (in the light of more dynamic utilizationo_\;u :—
of the grid) - 50% l 2.17
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WO0-Notrelevant ®1-Somewhatrelevant . 2-Relevant &3 -Veryrelevant

Figure4-6: Northern Cluster Barriers
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4.2.2 Eastern cluster

Within the Eastern clustethefollowing barriers were identified as relevant or highly relevant (the text boxes
in Figure4-7 show the relative ranking based on scoring criteria and the barriers with a value greater than or
Slidz- £ G2 Mmooy INB [fa2 AYRAOFGSR 0St260YQ

1 lack of coordination between markets on timeframesifecially GOT, GCT and trading resolution
of products)

1 implementation of bid forwarding and adequate interfaces

1 lack of harmonization for products

1 lack of higHevel principles of harmonization for market operation (e.g. market clearing type,
pricing,procurement frequency ...)

1 lack of (harmonized) interfaces that enable market access for FSP value stacking across timescales
and different markets

1 insufficient representation of grid constraints (in the light of more dynamic utilization of the grid)

In Slovenia, currently there is no integration platform between TSOs and DSOs. In addition to this, DSOs are
at different stages in the implementation of advanced distribution management system (ADMS) and thus there
is no common level of understanding andéstment/development priorities between DSOs. Furthermore, in
Slovenia, there are technical limitations tme DSO sideegardingfast network analysis in redilme horizon

thus limited the possibilities of cliente provide of balancing services and CMZV

Based on the input from Eastern cluster demonstratorthaworkshop, there is no common stance thre
CM and VC market potential between market participants (TSO, DSO and FSPs). Also, there is no clear decision

onthe market designits scope, andpar A OA LJr yiaWw NRf Sao

In Poland communication between TSO and DSO is still developing due to nathescofirent central
dispatch model. One of the biggest barriers identified in Poland is that there is low awareness of customers and
other system users abduhe possibility of providing services to DSOs and TSOs (especially balancing services).
The current balancing market is addressed primarily to centcalhtrolled large generating units. In addition to
this, there are no national regulations for inclosiof cost related to purchase of flexibility services by DSOs in
the tariff. Similarly, In Slovenia there is no regulatory framewehkch includes cost recovery mechanism for

the procurement of flexibility services.
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Figure4-7: Eastern Cluster Barriers

Copyright 203 OneNet Pageb5
CKAA LINP2SOG KIa NBOSAOSR FTdzyRAy3a FTNRBY
research and innovation programme under grant agreement No 957739

=3
sy
w
©
&



Nl
I Nk

4.2.3 Western cluster
Within the Western cluster the following barriers were identified as relevant or highly relevant (the text
boxes inFigure4-8 shows the relative ranking and the barriers with &ueagreater than or equal to 1.8 are also

indicated below):

1 lack of communication between SOs on formal allocation of products and resqurces

1 lack of coordination between markets on timeframes (especially GOT, GCT and trading resolution
of products)

lackof coordination between markets on market phases (from prequalification to settlement)
missing uniform principles on implementation of interoperable flex resource register

lack of alignment of prequalification processes

ensuring appropriate cybersecuyifor operators, market participants and consumers

=A =4 =4 =4 =

insufficient representation of grid constraints (in the light of more dynamic utilization of the grid)

In Spain, the barrier identified is related to rémhe market coordination whereas in France thettenge is
TSGDSO coordination and data sharjmgpecially for the product prequalification, dynamic qualification, and
the settlement phase. Additionally, data confidentiality is one of the barriers identified in France. In Portugal
and Spain, the biggpt barrier at DSO level is that there is no regulatory framework to support the integration of
congestion management and voltage control markets into the sequence of the current energy markets. Since
there is noregulatory framework andno coordination béween DSO and TSO, the Portuguese demo is
attempting to mitigate the barrier through a simulatidrased approach and by focusing on the exchange of

information between the DSO and the TSO.
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Figure4-8: Western Cluster Barriers
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4.2.4 Southern cluster
Within the Southern cluster following barriers were identified as relevant or highly relevant (the text boxes
in Figure4-9 show the relative ranking and the barriers with a value greater than or equal to 1.8 are also

indicated below):

lack of communication between SOs thre formal allocation of products and resourges
implementation of bid forwarding and adequate interfaces

missing uniform principles ae implementation of interoperable flex resource register
lack of alignment of prequalification processes

lack of harmonization for products

ensuring appropriate cybersecurity for operators, market participants and consymers

=A =/ =4 =4 -4 -4 -4

lack of (harmonized) interfaces that enable market access for FSP value stacking across timescales
and different markets

9 insufficient representation of grid constraints the light of more dynamic utilization of the grid)

In Cyprus, currently there is no fully functioning electricity market on the island (the TSO market was
expected to launch by end of 2022 while the local DSO market model is not defined yet). Cangestio
management is envisioned to be considered within the-dagad planning aa constraint. VVoltage control is
not a market product but an obligatiomdhe participants in the market, either conventional or RES (according
to grid regulations). There is litad coordination between TS0and DS@ However, there are plans to
implementthe coordination approach prescribed in the ASM report in 20R8MReport)In addition, there is

limited network observability at thdistribution level.

Most of the obstacles in the Greek case can be attributed to the lack of the appropriate infrastructure, either
physical or digital. There is a lack of communication between SOs on the formal allocation of products and
resources (TSO ngestion management is currently integrated into the market and further integration will be
AYLX SYSYGSR AY Hnuu (2 AyOfdzRRS NBySsglotS az2dNOSaQ
to implementthe coordination approach prescribed in th&K report in 2022. In Greece the flexibility resources

register is not yet adopted.
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Figure4-9: Southern Cluster Barriers
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4.3 Consolidated overview of @rriers to integrated and coordinated
markets

As a nekstep in our methodology, we brought together the barriers identified in Sectibtisand 4.2,

supplemented with barriers retrieved from literature or derived from internal and external discussions.

All these barriers were then linked to the objectives of coordinated and integrated markefiageddn

Section3.32 and restructured into the overview that is presented kigure4-10, which provides, for each

objective, an overview of the barriers.

Coordination objectives

&

Integration objectives

1
éo Maximization of value

stacking

Insufficient coordination of flexibility markets for system services with
energy markets with regard to timing.

Insufficient coordination of different system services over different
timeframes, valid for all market phases, i.e., prequalification, baselining,
procurement, activation, monitoring and settlement.

Lack of harmonization of flexibility products for system services for both
TSO and DSO

Exclusivity clauses and non-harmonised contracts

B1

B2

B3

B4

&fsiy Cost-efficient acquisition of
IS flexibility

Coordination of explicit procurement of flexibility (flexibility markets)

B5
with implicit procurement of flexibility (tariffs, connection agreements,...)

No specific incentives in the regulatory mechanism (remuneration) that

B6
support a common approach between SOs for flexibility procurement

Operationally efficient
market procurement process
for flexibility

B7
B8

Limited cross-border coordination/integration

Limited coordination for procurement of flexibility by DSO and TSO
Lack of alighment in supporting processes such as prequalification,
monitoring and settlement processes including baseline approach.
Lack of established methodology for network representation for the
distribution grid

B9

A

Ability to exchange, host,
and process data in a timely
and secure manner

ICT challenges: Large uncoordinated collection of data, timely exchange of
(confidential) network information, etc.

sJisllieg

Efficient market access for
all FSPs, for all voltage
levels, for all technologies

No appropriate baseline methodology and process established for new
B12 flexibility markets and new types of flexibility providers (e.g. low voltage

flexibility)

No uniform access and registration process/platform for assets willing to

participate to flexibility markets.

Ensuring an equal level
playing field for all market
actors without unwantedside
effects such as market power
or risk of gaming

Risk of gaming due to exertion of market power and/or shortcomings in

B14
the market setting

Maximizing the benefits of
sector integration

B15 Lack of coordination of markets of different carriers

B16 Quantification of the benefits of sector integration is missing

Adequate incentives for
participation through
availability of relevant
information (e.g., anticipated
flex needs, etc.)

Unavailability of adequate information allowing FSPs to anticipate the
B17 value of their participation and hence not being able to quantify their
business case

Figure4-10: Summarized overview of the objectives and identified barriers

Figure4-10 aboveconsolidates the objectives and barriers together and inclutledollowing:
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1. The coordination/integration objective
2. For each objective, a lisf barriers

3. For each barrier, an explanatidhat clarifieswhat exactly is mearty that barrier.

The overview of the barriers as well as the explanation for each bairien inTable4-3 belowwas shared
with the demos and 8sk3.2 partners, together with a series of questions on how to remove these barriers, in
a survey. Théemplate for the questionnaire for the demos can be found\imex Gvhile the template for the
Task 3.2 partners can be found iAnnex D The difference between the two surveys is that in the demo
guestionnaire, we are looking for specific, practical solutions to remove the barriers while in the partner

guesionnaire, we are expecting more theoretical answers.

The following section explains the results of the survey.
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Table4-3: Overview and explanation of barriers to coordinated and integrated markets

Barrier

Objective

W EVAnIFE T N AEIRERS Ele i) B1. Insufficient coordination of flexibilit
markets  for  system services  wit
energymarkets with regard to timing.

B2. Insufficient coordination of different systel
services ovedifferent timeframes, valid for al
market phases, i.e., prequalification, baselinir

procurement, activation, monitoring an
settlement.
Copyright 203 OneNet
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Description

Existing flexibility markets such as balancing and energy (wholesale) marke
organized as separate sequential or sometimes even overlapping markets.

from these more mature markets, local flexibility markets (e.g. dongestion
management) are being set up and integrafatb this market sequence. Some |
these markets are energy only markets, while others entail capacity reservatio
Even if FSPs are allowed to participate in these different markets, this incre
complexity and lack of coordination between the markets limits the opportuni
for FSPs to participate in multiple markets. Moreover, a capacity that has

committed in one market (e.g., reserve capacity procurement) cannot be offert
the subsequentnarket (e.g., dayahead market (DAM)). FSPs hence have to de
in which markets to submit their bids and, as a consequence, cannot maximize
stacking due to inefficient allocation of resourcfs9]. Moreover, some new
flexibility markets, e.g., for congestion management, ateared months aheac
locking in vast amounts of flexibility. As it is difficult to predftxibility needs
longer term ahead, this might lead to situations where too much flexibilit
reserved at too high costs.

Overall, this barrier thus decreasepportunities for FSPs to stack value acrt
different, sequential markets, which can decrease their return on investment.
barrier is also closely linked to barrier B8, as better coordination of the timin
different markets has the potential to inease the overall efficiency of the differet
markets hrough more efficient allocation of flexibility and, as a result, will lower
overall system costs

This barrier looks at the timing aspects of the ali@nt market phases ani
supporting phases, which are currently not aligned.

For instance, if the prequalification process of one market would be later comp
to other markets, an FSP would have no certainty if they would be eligibl
participate in thelatter market, which may be more interesting when deciding
qualify for the former. Also, a lack of coordination during the procurement prot
could result in conflicting crosactivations or assets blocked (e.g. by an availab
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B3. Lack of harmonization of flexibility produc
for system services for both TSO and DSO

B4. Exclusivity clauses and HAoarmonized
contracts

Ol i e [I[Siies i e B5. Coordination of explicit procuremet
flexibility of flexibility (flexibility markets) with impatit
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market) that cannotparticipate in other markets. Insufficient coordination
monitoring could affect network operation or the quantification of the needs ¢
uncoordinated settlement may lead to increased costs tfte management of
cashflows between the markgtiayers.

Overall, it can be concluded that, if the timing of these different processes is no
aligned between markets for different services, the costs for FSPs, but also ¢
system costs, are higher as compared to coordinated procedures andgsese
Product harmonization for balancing products is already well under way, even i
European level (e.g., PICASSO, MARI, TERRE) (see also barrier B7). At the s
both TSOs and DSOs are defining products for congestion management anc
non-frequency ancillary services. Certainly, more locational products for the DS
very often defined based on specific local needs and contexts and are therefore
often not aligned with established balancing products, leading to a proliferatio
different product definitions.

This increased complexity due to diverging products lithigsparticipation of FSP:
in multiple markets. Moreover, when product specifications for locational prodi
and systerdevel products are not aligned, the opportunities of meg these
flexibility markets into a common market with a single product providing mult
services is hindered, thereby also decreasing the value stacking potential of
This barrier is thus closely linked to barrier B8 which discusses the la
coordination between TSOs and DSOs for flexibility procurement (see below).
Non-harmonized contracts and exclusivity clauses in the terms and conditiol
contracts between FSPs and market operatéos different markets limitthe
participation of FSPs to multiple markets and revenue streams and, hence, rt
the liquidity in the market. Even if products in different markets would
harmonizedsee barrier B3), if the contracts in these marketsraseharmonizedor
if one or more of the contracts contains exclusivity clauses, this can still pt
barrier for value stacking. Moreover, the contracts with suppliers may be restri
for end consumers wanting to participate in the flexibility marleetd/or enter into
a contract with an independent aggregator.

Conflicts on remuneration and accounting of energy flows may arise when im
and explicit flexibility mechanisms are combined but not well coordinated.
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flexibility mechanisms connectia
It IS important to note that EELIEENERIETNED S

there are 2 points of view for|

costefficient flex acquisition: i)

point of view of the individual

SO, and ii) from the syste

perspective

(tariffs,

B6. No specific incentives in the regulatc
mechanism (remuneration) that support
common approach between SOs for flexibil
procurement.

Operationally efficient market @z¥g Limited crosborder
procurement  process  foreele](ellsE1ile]alilal o] ENile]g)

flexibility
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E.g. a customer has two different doscts, one with its supplier for implicit DR ar
one with an independent aggregator providing explicit DR. This means that the |
on the energy bill of the customer should be considered in rémaunerationfor

explicit flexibility. Moreover, distribution grid tariffs are shifting towards capac
based tariff designs and/or timearying tariffs which better reflect grid costs, whit
adds to the complexity. In this case grid users can thus be exposed tictiogf
signals and, when assessing the business case for explicit flexibility provision,
have to weigh the benefits of explicit flexibility provision against potential increz
costs due to flex activation.

It is thus important to take into accotithe conflicting effect of implicit and explic
flexibility mechanisms when designing flexibility markets, developing comme
market signals as well as revising transmission and distribution grid tariffs to |
overall increased costs for flexibyliprocurement due to inefficiencies in the desi
of these mechanisms.

While important and relevant, this barrier falls outside of the scope of the sur
and hence, barrier solutions, as the demos, which serve as the main input fc
solutions, only faus on explicit procurement of flexibility.

The way system operators are financed, thecaiedremunerationmechanism, has
an important impact on the use of flexibility. To allow for a correct tradeoff betw
the use of flexibility versus investments in the grid, combined incentives are ne
considering both capital and operational expenditures. Today, we shétaowards
remuneration mechanisms for TSOs and DSOs which do consider this com
effect. However, approaches still diverge and do not account for possible syne
between TSOs and DSOs. If tremuneration mechanism to decide on thi
acquisition @ flexibility is divergent between DSOs and TSOs, there is no fine
incentive for SOs to select a solution that results in the lowest total system cost
if this may result in a higher cost for an individual system operator.

Despite the ongoing Europedrarmonizationinitiatives for balancing markets an
platforms (PICASSO, MARI, TERRE), some barriersegitd to crossorder

coordination/integration still remain. For instance, current European rules are
ideal for joint optimization between balancing and local products (congest
management, voltage control). Balanciogtimizationtakes place on th&uropean
platforms (e.g., MARI) and these platforms are only dealing with-locational
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B8. Limited coordination for procurement ¢
flexibility by DSO and TSO.
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issues (balancing) and do not consider locational issues such as local congesti
other way around, if SOs want tiptimizelocally for congestion management,ist
unclear if they can address, at the same time, also balancing needs for the
country/region, i.e., is it allowed of the same set of congestion bids also correct
initial imbalance and/or includes the bids which counterbalance other bids

would otherwise cause additional imbalance. Moreover, even if SOs woul
allowed to do that, they have no view, at this stage in time, on which bids wi
activated for the needs of other European countries. Other reasons for this b
are different market designs which can pose barrieis market entrance for
aggregatorsvho want to act across borders.

Different flexibility markets are at different maturity levels, e.g. frequency ancil
services markets are already very mature, while markets for congestion and vc
control both for the DSO and the TSO are still under development in most cour
The importance of coordination between TSOs and DSOs to ensure the sect
supply is widely accepted. There is however no shared view yet on how
coordination should be organized. Several coordination models and resulting
for flexibility allacation therefore exist, e.g., the SmartNet proje[81], the

CoordiNet projecf32], which entail different levels of coordination between t
TSO and DSOs.

The CoordiNet project found that a joint/ common rkat model can provide highe
procurement efficiency from an optimization stand point, as the common ma
pools all resources and purchases the bids that can most optimally meet a
LI NI A OA LI pB3] Benfehifth@ rusS@ Riarity/exclusivity diverge fro
the optimal resource allocation, the cosffiefency will also be lower. However, it
also noted that, in practice, separate markets might be introduced with diver
products, capturing the possibly diverging needs of DSOs and the TSO ai
technical and financial capabilities of FSPs. IfyeR&0, howeverganizes its owr
market to cover its own needs, this could lead to market fragmentation and hi
costs as possible synergies between markets are not realized. On the other
there seem to be quite some hurdles to realgmore joint approaches, which nee
further attention.

In practice, we see that very different approaches are being demonstrated
implemented across Europe, very often with limited coordination. There does
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B9. Lack of alignment in supporting proces:
such as prequalification, monitoring ar

settlement  processes including baselil
approach.
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seem to be one preferred coordination schethat suits all needs and contexisnd
best practices or general guidelines are still lacking.

Existing (and upcom@) flexibility markets have different procedures for tl
different market phases. Overall, there is a lack of aligned and uniform process
different services in a certain country and on EU level, leading to inefficiencies
This barrier addresses akpectsof the different market phases which are nc
related to timing, i.e., the rules, procedures, etc. as timing aspects are alr
covered in barrier B2 and also excludes the procurement phase as this was c(
in barrier B8.

Different prequalificion methods exist across Europe, but also on the country |
for different services. Currently, separate prequalification procedures are very (
organised for existing services (e.g. balancing services for the TSO). In additior
are setting up leir own processes. This means that an FSP wanting to offer mu
services (e.g. balancing and congestion managements services) and hence
value across the different markets would need to pass through two diffe
prequalification procedures. Thisiplies a higher effort and cost for the FSP as t|
would need to understand and participate in two different procedures.
prequalification, the DRF[&] also specifically mentions a lack of alignment in ¢
prequalification: (i) lack of harmonised assessment criteria between SOs, (ii) ul
conceqs of conditional/longterm and dynamic/shorterm prequalification, and (i)
unclarity in roles of different SOs involved in the process (connecting
intermediate SO, etc.). If similar procedures for different servieee put in place,
whenever ando the extent that this is possible, this would increase efficiency
potential market participants willing to participate different services.
Similarreasoning can be followed for monitoring and settlement approache:
should however be noted thahe settlement processes require the collection
measurements (i.e., baselines, actual measurements and original activation re
information) with the necessary granularity and frequency depending on the se
under consideration. Further insightse therefore needed on the extent to whic
these processes can be aligned, but also on the potential impact dive
approaches could have on the settlement of delivered flexibility for differ
services. The baseline together with the actual measurdrfams the basis for the
amount of flexibility to be settled. When it comes to baselining, different serv
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B10. Lack of established methodology 1
network representation for the distribution gric

ATl Ve lle[Fa[ekisilals B11. ICT challenges: Large uncoordina
ool EIEN ORI EAEh collection of data, timely exchange ¢
secure manne (confidential) network information, etc.

SiiEERhINREGCREREESR el B12. No appropriate baseline methodology a
SSIEEI el l MVl I [SREVEISINTC process established for new flexibility marke
all technologies and new types of flexibility providers (e.g. Ic
voltage flexibility)
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may have different baselining requirements and the need to observe diffe
parameters, but synergies between different markets might still dnegét for. This
is covered in more detail in barrier B12.

Flexibility activations need to stay within the limits of the grid and the impac
flexibility on the network should be properly assessed. More and more flexibili
being sourced from distribution grids, by the DSO to support their needs and b
TS to support the overlaying grids. To be able to correctly estimate the impa
activation of flexibility on the distribution grid a sound methodology for netw:
representation is needed. This would serve two goals: a) estimation of the impi
flexibility activation by other actors (e.g. TSO) on the distribution grid (during
prequalification or during the market clearing) and b) correct estimation of
contribution of flexibility on the considered DSO need. The nagcriratelya market
design reflects the physical constraints of the underlying grid, the more me
parties' transactions can be accommodated without too extensive limitations ol
need for corrective actions by the DSO. Inadequate network representation it
market on the other hand can lead to network violations or inefficient procurem
of flexibility (e.g. too much flexibility). An established methodology is howt
currently lacking.

The establishment of new flexibility markets and the incorporation of new type
flexible resources in these markets brings alorigrge amount of data that need
to be exchanged and coordinated. This relates to data needed to estimate flex
needs (e.g. forecasts, grid needs), but also data on flexibility delivered (e.g. bas
measurement data). This brings along new @ralkes on how to manage, host ar
protect this data. While important and relevant, solutions to this barrier are be
I RRNB&a4SR Ay hySbSiQa 2tnx p YR cd
the barrier analysis and solution description.

Several dferent baseline methodologies are used in the context of existing
emerging flexibility markets. Existing services typically have well establi
methodologies that are differentiated depending on the service and products, v
emerging markets (e.docal flexibility markets for congestion management a
voltage control) are still investigating appropriate methodologies. A comm
agreed methodology fobaseliningthese new markets is currently lacking, leadi
to different approaches across Europe.
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B13. No uniform access and registrati
process/platform for assets willing to participa
to flexibility markets.

Ensuring an equal level playin

B14. Risk o§aming due to exertion of marke
power and/or shortcomings in the marke
setting

field for all market actors
without unwanted side effects
such as market power or risk o
gaming
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Also, new types of flexible resources might require different approaches. V
specifically looking at low voltage (LV) consumers, it should be emphasizel
quantifying the amount of flexibility (typically expressed as energy) that has |
delivered by LV consumers is not straightforward, due to the stochasticity
residential consumption, the absence of appropriate data and the lack o
appropriate methodology for baselining of LV consunjé@. While it is important
to note that we should strive for a harmonized procedure for all voltage levels
specifically focus on LV in this barigerLV currently represents the biggest challer
with regard to baseline methodology, and hence, market access for flexi
providers. Moreover, new types of flexible resources might require diffel
approaches.

Best practices on how to create a baselspecifically for LV flexibility are current
not available. The difficulty of establishing baselines for LV is also mentioned
ConsumeiCentric market design (CCMD) paper as proposed by6ilia

The lack of uniform registration processes or platforms makes it more difficul
FSPs to gain accesdifferent markets as they have to understand and use differ
processes for the differeninarkets,and it leads to duplication of information an
requests In addition, these access and registration processes (as part of
prequalification process) vemgften still lack automation and still require manu
interventions (e.g. by email) or requests per flexible resource, which constitu
large administrative burden. With the introduction of new flexibility markets and
advent of larger amounts and metypes of smaller flexible resources entering t
market these processes need to be thoroughly reviewed.

Market power is the ability of market participants to influence market prices thro
their decisions, offerings, and positions in the market. The exertion of this m¢
power represents a direct gaming risk by the agents. The existence of market
can directly stem from different factors such as the liquidity aspects of the ma
the nature of flexibility needs, and the sizes and distributions of market particip:
Fa example, a highly localized market may not have a large set of providers fc
procured service (e.g., local congestion management or voltage control), wimc
the extreme sense may indicate that all providers available would be needec
provide the service. In such a setting, since each provider is necessary, eac
market power and can influence the market outcome (e.g., through price setti
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W EV e EE i e B15. Lack of coordination of markets of differe

sector integration carriers
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manipulation). Along similar lines, entry requirements can have a direct impa
the ability to exert market power due to their direct effect on driving down liquidit
The pricing method itself, can also lead to different strategic behaviors, thre
which each market agent can aim at maximizing their profits through an arti
setting of bid price that do not always reflect their corresponding marginal cost
Gaming potential can also be driven by the nature of the market structure.
example, in sequential markets, a market participant can take up decisions i
market layer to influence theeeds (and operation) in the following market, in ord
to capitalize on this process (as in the infamousdac game, or in settings wher
capacity is withdrawn to lead to artificial acute system needs). These mecha
can be more pronounced when matkactors can foresee with an increased level
accuracy the functionality and expected prices and (flexibility) needs in each ¢
markets.

The settlement and baselining methodology can also play a direct role in d
potential gaming potential, acertain baseline calculation methodologies ¢
incentivize the reporting of inaccurate baselines, which miscalculates the level «
provided service, and hence, the remuneration of the flexibility providers and
total cost to the system.

Markets for different carriers (e.g. gas, heat) are typically evolving towards 1
short-term trading (e.g. dayahead, intraday), but are typically organized separat
with little consideration of potential synergies (e.g. no alignment of market timin
This complicates the market participation of flexible resources that link se
carriers, so called conversion technologfé2]. For instance, the physical couplit
of energy cariers through such technologies is not reflected in the timing of marl
for different carriers. In this context, the revenue of a conversion technology
gas turbine) depends on the forecast accuracy of market prices impiog (gas) and
output (electricity) carrier. Without proper coordination between markets

different carriers such technologies are thus exposed to substantial risks di
imperfect forecasts which can result in a loss of profit. If this physical cou
between carriers is noproperly accounted in the market design of the differe
carriers, the market outcomes are not guaranteed to be technically feasible ar
economically attractive for market participants with conversion technologies.
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B16. Quantification of the beffies of sector
integration is missing

Adequate Ne=nnYEER 6l B17. Unavailability of adequate informatic
participation lellfe]pl| allowing FSPs to anticipate the value of th
availability of =V participation and hence not being able
Tl inEule BN ERe R il oEil|  quantify their business case

flex needs, etc.)
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Although important and relevant, thigarrier is not taken up in the survey as Onep
focuses on system services for power systems and sector integration it
addressed by the demos. Solutions to this barrier will hence not be discussed

deliverable.

There is a common agreement that sector integration is important to achieve ¢
carbon energy system as it allows optimization of the energy system as a wh
opposed to each sector individually. Sector couplamgthe enduser side (e.g
electrification of the heating and transport sector) is seen as one of the impol
measures to move to a carbdree energy system with the needed flexibility.
thorough quantification of the benefits of sector integratias) however, lacking.
This creates uncertainty for consumers willing to invest in new types of technoli
which can realize sector coupling (e.g. EVs, heat pumps). These technologies t
have a higher investment cost compared to alternative technobgiedg at the

same time- an uncertain future revenue, certainly with respect to the expec
income from exploitation of flexibility in support of the electricity grid.

Although important and relevant, this barrier is not taken up in the survey as Qn
focuses on system services for power systems and sector integration it
addressed by the demos. Solutions to this barrier will hence not be discussed

deliverable.

New potential FSPs typically have a low l@¥@lwareness and understanding of gt
related issues anthe potential for flexibility delivery since flexibility provision is n
their core business. They may come even from-eaergy domains. This barrie
therefore relates to the lack of knowledge tfese new flexibility providers on th
flexibility markets and their economic advantages and the deficiency
communication and information from the market. This can relate to a lacl
information on market functioning and processes, volume of expedlexbility

needs, anticipated activation times, frequency of activation and expected prices
also to more transparency on the market outcome. This type of information w
help FSPs to estimate their expected revenue and assess their return omievest
(e.g. for needed investments in control and measurement equipment) anck anal
informed decisions on their participation in the market.
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5 Solutions to attain integrated and coordinated markets

In this chapter, we discuss the solutions to remove the barriers to integrated and coordinated markets. We
start from the barrier overview provided iRigure4-10. We first present the solutions applied by the demos,
followed by an overview of TSSO coordination schemes proposed in other projects. To conclude this chapter,

the demo solutions from the first step are mapped to the Onedidutions.

5.1 Responses from the questionnaires

In this section, we present an overview of the resporigethe demo with regard to the barriers. First, a

general overview is provided, followed by a detailed overview of the answehe alemo level.

51.1 Genera2 SNIWASgs 2F (GKS RSY24aQ NBalLkRyaSa
C2NJ 6KS NBIFIRSNRa 02y @SyASyOSs: |y 20SNWASs 2F (KS
belong, and the demo coordination type is given belowable5-1. More information on the demo coordination

can be found iff63].

Table5-1: Demo overview on coordination type

Demo Cluster Coordination type
Northern Northern marketbased TS@SO coordination
Czech Republic Eastern marketbased DSO coordination
Hungary Eastern marketbased DSO coordination
Poland Eastern marketbased TS@Q SO coordination
Slovenia Eastern marketbased DSO coordination
Cyprus Southern marketbased TS@QSO coordination
Greece Southern technicatbased TSSO coordination
France Western technicatbased TSSO coordination
Portugal Western technicalbased TSSO coordination
Spain Western marketbased DSO coordination

For each of the barriers, we asked the demos if the specific barrier was relevant for their demo and if it was
addressed’. If a specific demo addressed the barrier, we asked them Fiayure5-1 provides an overview of

the number of times a specific barrier waddressed, and by which specific demo.

17 Please note, that as mentioned in SectiB, B11 and B1:818 are not taken into account.
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Figure5-1: Overview of barriers addressed by the demos, per éemo

The specific use cases of the demos and the coordination type (technical veaskistbased, TSSO

versus DSO) determine to which extent the demos address the barriers.

The following sections describe in more detail how the different demos address the barriers.

5.1.2 Northern cluster

The Northern cluster have developed a regional dempragch where unified solutions are developed for
the entire demo cluster, coupled with specific instances of demonstration of these unified solutions on the
different country levels (Finland, Estonia, Latvia, and Lithuafie.type of coordination used marketbased
TSGDSO coordination. The objective of this demo is to demonstrate harmonised products, which can be
implemented in more than one country of the region and for more than one need/service. The demo implements
a market setughat selects the bst possible set of bids according to the total cost and technical constraints (i.e.

grid capability). The demo employs a flexibility register and coordination platform to facilitate the coordination.
For more information on products, services and platfermplease refer t¢63].

The overview of the barriers addressed by the Northern demo and their solutions are provitladl@d-2.

18 please note, that as mentied in Sectiod.3, B11 and B1:818 are not taken into account.
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Table5-2: Overview of addressed barriers and solutions for the Northern demo

No Barrier Solution

B1  Insufficient coordination The demo solves this barrier by coordinating gate closure times for
of flexibility markets for different markets. More specifically, the GCTtfe shortterm active energy
system services witt (STP-E) product is the same as for intraday market and wreaktime active
energymarkets with energy (NRP-E) product gate closure (25 minutes before delivery peri
regards to timing. will come after intraday market (and $IE) gate closure (see figure belp
taken from[63]). The reason this sequence is chosen is that, for theNR’
product to be optimised in a reliable wayne needs to know which bids wer
selected for the SP-E product and what the impact of these bids is for flo

in the grid.

Long-term Day Ahead Intraday Near-Real-Time

Short-Term Market

Long-Term Market ST-TD-P-A market
(includes CM and mFRR)
LT-TD-P-A-E ST-TD-P-E
(ST-CM-E market)

NRT E Market

NRT-TD-P-E
market

(includes CM
and mFRR)

LT-TD-Q-A-E ’7
market
NRT-TD-Q-E market

market

Day-ahead Intraday
L energy
market market

Legend

OneNet submarket Existing submarket

B2a Insufficient coordination This barrier isolved by employing a single point for prequalification. In th
of different system case of the Northern demo, this is done using a Flexibility Register (FR).
services ovedifferent B9a for more information on the process.
timeframes for pre
qualification

B2c Insufficient coordination / 2 2 NRAY | GA 2y F2NJ LINROdzNBYSyd G
of different system TSGDSO Coordination Platform (TDCP). This is the central point fo
services overdifferent optimisation for all products in the demo. To avoid discrepancies, (e
timeframes for products (SPP-E and NRP-E) should be sequential in terms of gate closi
procurement (see B1). For instance, before the NRE product can be optimised in

reliable way, it is needed to know which bids were selected feP-Eproduct
and what is their impacto flows in the grid. However, eoptimisation
coordination with European platforms like MARI will be a future challeng

B2d ' Insufficient coordination
of different system The solution to this barrier asslies in the TDCP. After optimisation, tl
services ovedifferent | platform sends the optimisation results as basis to activation to rele\
timeframes for market operators.
activation

B3  Lack of harmonization o This barrier is tackled byedigning common products (e.g., NRE product,
flexibility products for originally based on mFRR requirements can be simultaneously use
system services for botl balancing and congestion management; ofR-C can be used for lorgrm
TSO and DSO procurement of capacity for balancing and for congestion managemne

processes and tools (e.g., FR, TDCP).
The Northern demo enables TSOs and DSOs to use flexibility, but also
the same flexibility to participate on any market.
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B7

B8

B9a

B9b

B9e

B10

B12

B13

Limited crosshorder
coordination/integration
Limited coordination for
procurement of
flexibility by DSO an
TSO.

Lack of alignment in
pre-qualification process

Lack of alignment ir
planning and forecasting
(baselining) process

Lack of alignmnt in
settlement process

Lack of establishec
methodology for
network representation
for the distribution grid
No appropriate baseline
methodology and
process established fo
new flexibility markets
and new types of
flexibility providers (e.g.
low voltage féxibility)

No uniform access ani
registration
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Harmonised crosborderprocesses, approaches, and products were defin

Joint TSEDSO procurement is organised by the TDCP which is the ce
point for bid optimisation for all products in the demo. Systeperators can
submit flexibility needs (in case of energy products) and flexibility calls
tender (in case of capacity products) to TDCP, relevant SOs are infc
about the flexibility needs and calls for tender which have been submitte
another 9.

¢KS RSY2Qa LINRPRdzOG RSFAYAGARZY Y
harmonized and the bid optimisation takes place in the TDCP. The pro
are cleared sequentially.

However, the mitigation of priority use through product definition is currer
rather an assumption and may require clear requirements in legal ac
future.

The Northern demo allows the same flexibility to participate on any mark
The FR tackles the alignment in thee-qualification process as this is tF
single point for prequalification. Apart from being a single point

prequalification, the FR can prequalify for any product for which the reso
group characteristics are satisfactory. There are two typesexyoalification:
product prequalification and grid prequalification. Product prequalificat
means that every resource / resource group can be prequalified only onc
the same product (the same product can be used for different services
different buyers). Grid prequalification is agnostic to products.

The Northern demo centralises the baselining of different services thrc
the FR. It calculates the gost baseline for any pauct. The expost baseline
is calculated based on historical consumption data. The demo has

reviewing different baseline calculation methods. Thepest is used in cas:
the FSP does not provide an-amte baseline or in case the FSP has

provided an exante baseline before the deadline. The-gost baseline
methodology used is the adjusted X of Y method.

Exante baselines are enabled as an alternative tegpest baselines. The F
collects the exante baselines from the FSPs-dfite baselines (scloelles) are
also to be submitted to the FR.

The demo does not define exactly which approach needs to be used by
and for which product. Moreover, both approaches can be used in pari
e.g., for verification purposes by the SO/FR.

The FR tackles the alignment in settlement as it is the single point to \
activations. The quantitative settlement (i.e., activation verification) for i
product is conducted in the FR. Asante and expost baselines areoflected

there, it is easy to verify product activation.

The Northern demo has agreed on a common representation of the grid
network representation usesetwork topology (nodes and connections
network limits, network forecasted baseflows and PTDF matrix.

The baselining of different services is centralized through the FR. It calct
the expost baseline for any product based on historical consumption d
Exante baselines (schedules) are also to be submitted to the FR.

The demo has reviewedifferent baseline calculation methods and w
propose a common baseline methodology, i.e., adjusted X of Y. Howeve
FR is capable to handle different methodologies.

The FR has this task as it is the single point for prequalification.
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process/platform for
assets willing to
participate to flexibility
markets.
B17 Unavailability of
adequate information
allowing FSPs tc The Northern demo has touched upon the topic of transparency and ti
anticipate the value of information sharing, for instance, there is the map Ul for flexibility need,
their participation and 'y 2 @SNIWASS 2F WgKe y20 NBFfAT SR
hence not being able t¢ been discussd in detail yet.
quantify their business
case

5.1.3 Czech Republic

The Czech demo is part of the Eastern demo cluster and is implementing faded DSO coordination.
The demo focuses on solving voltage and congestion problems in the distribution network and will also address
the problems related to undesirable flows of reactive power in the distribution network that can limit network
capacity. To do this, it trades 3 products, namely a predictive gkart local active product for local congestion
management of active power, a predig longterm local reactive product for voltage control by Q
management, and a predictive lotgrm local reactive product for reactive power management. To indicate
availability of the DSO for flexibility provision, the demo uses a traffic light sygiproach. The main objective
of the demo is to create a new flexibility market platform to enable the procurement offrequency market
services as a supporting tool for the DSOs. The demonstration will verify how active and reactive power products
can beprocured as a marked based product. The traffic light scheme developed as a part of the demonstration

will be used for the coordination between the system operators.

The flexibility platform functions as follows: the DSO procures the service at the npdaltiorm where it
determines location, reserved capacity (MW/MVar), duration of the service and FSP able to deliver requested
service. The FSP can indicate their capacities simultaneously in the same environment (market platform). The
platform ensures adlparties will receive notification about called auctions. Once a relevant offer is accepted by
the DSO, the FSP will receive confirmation through the market platform. This amount of flexibility is reported
to the dispatch control centre of the relevantSD¢ to enable grid planning/scheduling. Relevant units are
directed by DSO through the aggregator or directly (who possesses direct control of the flexibility resources).

The metering/billing is processed bilaterally between DSO and6d$P

¢KS GNI FFAO fA3IKG Y2RdA S Kra +ta AGa 202S0GA@S G2
achieve this, the DSO reports every unavailability of the distribution grid through an announcement on the grid
events, through a dedicated canunication tool (i.e., XML messages). The information of grid unavailability is
automatically sent through ECP communication to the registered units and FSP, and the system also displays

grid unavailability as a traffic light via GUI to the registeredsuaiitd FSH§4].
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For nore information on the products, services, flexibility platform and traffic light system, please refer to
[63], [64}

Theoverview of the barriers addressed by the Czech demo and their solutions are provitigolés-3.

Table5-3: Overview of addressed barriers and solutions for the Czech demo

No Barrier Solution

B2b | Insufficient coordination of different
system services ovelifferent Aggregators iform DSOs on procured/activated service
timeframes for planning  anc which is useful for network planning (see below).
forecasting (baselining)

B2c | Insufficient coordination of differeni The Czech demo tackles this barrier through their so ce
system  services  ovalifferent WiN} FTFAO f A3IKG a0KSYSQ 6K
timeframes for procurement availability (see below).

B3 Lack of harmonization of flexibilit Demo products a fully harmonised, and the platform wi
products for system services for bol be able to accommodate all selected products, i.e.
TSO and DSO predictive shortterm local active product for loce

congestion management of active power, a predictive lo
term local reactive product for voltage control b®
management, and a predictive losigrm local reactive
product for reactive power management.

B8 Limited coordination for procuremen This barrier is partly addressed by the Czech demo.
of flexibility by DSO and TSO. entails that aggregators infar DSOs on procured/activate

ASNDAOSaEd® ¢KS RSY2Qa RI{I
infrastructure as the traffic light scheme. Through this
environment generators send data on activated service
grid operators. This is done 2 weeks ahead and f
confirmed dayahead.

B9c Lack of alignment in activation proce The Czech demo tackles this barrier through their so ce
WHiNF FFAO t A3IKG a0OKSYSQ 6K
availability. More specifically, grid operators se
information on the grid availability to a central place a
from there, the infomation is distributed through e
dedicated GUI to all grid users in order to provide the
information about if they can/cannot activate the
flexibility.

B9e | Lack of alignment in settlemer
process

B13 No uniform access and registratic
process/platform for assets willing t
participate to flexibility markets.

B17 | Unavailability of adequate informatiol FSPs can estimate chances of participation through
allowing FSPs to anticipate the value traffic light scheme which predicts grid availability. Thisy
their participation and hence not bein FSPs can optimiztheir portfolio and business case ft
able to quantify their business case | flexibility provision.

The Czech demo provides a database of activated sstvi

The demo has developed a common procedure for
registration of platform users.

Copyright 203 OneNet Pager6
Bl ¢ KAAa LINRP2SOG KFa NBOSAGSR FdzyRAYy3I FNRY (KS 9d:
research and innovation programme under grant agreement No 957739




Nl
I Nk

5.1.4 Hungary

The Hungarian demo is part of the Eastern demo cluster and is implementing rvaded DSO
coordination. The demdocussesmainly on the problems arising from the high penetrationganeration
sources (mainly PV) in the MV and LV networks. It uses PV plants as flexibility providers. The demo will focus on
congestion management and voltage control through a predictive short term local active product and a
predictive short term localeactive product. The main goal of the Hungarian demo is to test how a new flexibility
LI I GF2NY OF y &dzLlLidNay achvties @id enhgincelighdSopexebil®| téking into account
communication and data exchange between DSO and TSO. Thie ddlhe through the creation of functional
extensions of the flexibility platform for (i) the definition of new potential standardized flexibility services, (ii)
the elaboration of related product and grid prequalification processes, (iii) the concegstiah of location

based service activation, and (iv) the coordination of access to local and slgstelnservices.

Even though the demo is based on a flexibility market structure, it will not be connected to other markets,

nor will it have legal and fancially binding results for the transaction of flexibility services.

For more information on products, services, the flexibility platform and traffic light system, please refer to
[64].

The overview of the barriers addressed by the Hungarian demo and their solutions armdepkrovi able5-4.

Table5-4: Overview of addressed barriers and solutions for the Hungarian demo

No Barrier Solution

B9c Lack of alignment in activation proce A traffic light scheme ideveloped within the scope of thi
demo to support activation and avoid creastivations
between assets on the network which are participating bc
in the DSO flexibilf and TSO aFRR market. The traffic li
scheme indicates whether DSfDiven activation of an asse
is allowed, not allowed, or allowed under certain conditio
specified by the TSO

B10 Lack of established methodology ft The network representations provided by the DSOs
network representation for the converted to a common, opesource format. The
distribution grid conversion is carried out by using a data converter that

the custom proprietary data format provided by a DSO
an input. The conversion rules are set up by the helg
experts The output of the converter is an opsource
format that can be used by the platform logic for netwa
calculations and market algorithms.

B12 No appropriate baseline methodolog Baselining is handled via the product design, namely the
and proess established for nev of capacitylimitations instead of ordered deviations. Mor
flexibility markets and new types c specifically, this m&ns that the demo aims to develop th
flexibility providers (e.g. low voltag flexibility product from the connection capacity perspecti
flexibility) as a nordfirm, interruptible capacity. As a consequenc

there are no requirements with regard to baseline becat
it is not directly connected to the scheldu

Of course, there is some forecasting and -prarket
network state to predict congestion. The only part whe
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the demo considers some form of baseline is for {
consideration or forecast of assets because the netw
state needs to be estimated.

Howe\er, for the evaluation of the market and settlemer
this approach is much easier as they only need to comy
the actual measurement of a connection point that
already measured and then compare this enel
measurement to the hourly capacity of the pnoct or
reservation of the connecting capability. The only drawb:i
is that it cannot be evaluated whether the change
capacity was on purpose or by accident (e.g., limit PV to:
at night).

B17 | Unavailability of adequate informatiol The demo uses nested and weighted merit order lists for
allowing FSPs tanticipate the value ol quantification of added value; the methodology will t
their participation and hence not bein shared with the service providers. Theerit order list is
able to quantify their business case @ formulated based on physical locations on the topology ¢

bid prices. The result can only be shared by the FSP
clearing.

5.1.5 Poland

The Polish demo is part of the Eastern cluster and is implemented as nieged TSSO coordinabn.
The demo focuses on the use of resources connected to the distribution network, mainly from MV and LV levels,
to improve the efficiency of the power system. The main objective is to support thenT&tancinghe system
and the DSOs in managing cestion in the HV, MV and LV networks and voltage regulation in the MV and LV
networks. The demo will focus on congestion management through a predictive short and long term local active
product, on voltage control through a predictive short and long teatal active energy product, and on
balancing (from resources connected to the distribution network) through an mFRR balancing capacity product,
an RR balancing capacity product and an active energy balancing product. The goal of the demo is to test how
the flexibility services can support the DSO in the network management of HV, MV and LV network and TSO in
balancing thesystem. The demo includes the balancing market as a part of the test and demonstration, but it

will be simulated.

The flexibility markeplatform is based on the new markets for the DSOs needs (congestion management
and voltage control) and TSOs needs related to the balancing. For balancing products, an auction will be called
by the TSO every day for the day ahead needk){DAuctions for congestion management and voltage control
products will be eventriven, meaning that the DSO will call an auction when a specific situation occurs in the

network, this will be day ahead or weeks ahead, depending on the specific situation.

Fa more information on products, services and the flexibility platform, please reffg4p

9Please note that balancing market behavior is simulated as mentioned in the previous parageagh, no direct access to the
balancing market is foreseen during the demo.
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The overview of the barriers addressed by the Polish demo and their solutions are provitiuds-5.

Table5-5: Overview of addressed barriers and solutions for the Polish demo

No Barrier Solution

B8 Limited coordination for To tackle this barrier the demo uses a flexibility platform. T
procurement of flexibility by DS( platform enables FSPs to submit bids which in turn can
and TSO. purchased by the TSO and DSO in a coordinated manner

addressed to CM and VC in the DSO network are subm
and selected bef@ the balancing market cycle (before G
for balancing capacity) and are taken into account b
dedicated algorithm implemented on the flexibility platforr
This algorithm, using network data for a given demonstrat
area, ensures the optimal selectiofbalancing offers coming
from that area, taking into account the offers previous
accepted by the DSO.

B9a Lack of alignment in pre The demo developed a flexibility platform available to F<
qualification process This platform ensures uniform access and prequalifical

(registration) process for all interested parties.
B9b Lack of alignment in planning ar The baselinecalculation method in the capacity markets

forecasting (baselining) process used. There are requirements on a party participating in
Balancing Market that oblige that party to provide tt
schedule in advance. This schedule is taken as a baselil
the central dispatch system iRoland, the congestions in th
HV and EHV network are released in integrated schedt
process on the Balancing Market.
The baseline calculation method is defined in the Regula
available here (in Polish]
https://isap.sejm.gov.pl/isap.nsf/download.xsp/WDU2018(
01455/0/D20181455.pdf

B10 Lack of established methodolo¢ As apart of the project the DSO network is represented w
for network representation for the use of standard KDM model, used in Poland by DSOs
the distribution grid TSO for HV network.

B12 No appropriate baseline

The baseline calculation method in the capacity market:
used. The baseline calculation method is defined in
Regulation available here (in Polist
https://isap.sejm.gov.pl/isap.nsf/download.xsp/WDU2018(
01455/0/D20181455.pdf

methodology and  proces:
established for new flexibility
markets and new types o
flexibility providers (e.g. low
voltage flexibility)

B13 No uniform  access  an
registration process/platform for
assets willing to participate tc
flexibility markets.

The demo developed a flexibility platform available to FS
This platform ensures uniform access and prequalifical
(registration) process for all interested parties.

5.1.6 Slovenia

The Slovenian demo is part of the Eastern cluster and is implemented as rbadext DSO coordination.
The demo is focusing on solving problems locally in the LV networks. The main problems are the overload of the
MV/LV transformers and power lines and tagje violationsin the LV networks. The flexibility is procured from

aggregated demand response (from household heat pumps, EVs, etc.). The Slovenian demo will focus both on
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congestion management and voltage control through the use of a predictive shori¢eal active product. The

main objective of the demo is to test how local flexibility based on the demand side management can be used
by the DSO to solve problems in the LV netwdrkis is done through the development and deployment of a
market platfom for DSO services. On this platform, two different services are tested in a productive
environment: congestion management and voltage control. The demo aims to run the selected services in a real

market environment with real prices for activated energy.
For more information on products, services and the flexibility platform, please refg4b
The overview of the barriers addressed by the Slovenian demo and their solutions are providdxies 6.

Table5-6: Overview of addressed barriers and solutions for the Slovenian demo

No Barrier Solution

B3 Lack of harmonization of flexibilit The demo tackles this barrier by following good practi
products for system services for boi from TSO market rules when they are defining new L
TSO and DSO products. The new DSO products are similar to prodt

already used by the TSOs.

B9c | Lack of alignment in activation proce At the start of thedemonstration, the demos were using
manual activation process (via telephone call) which
now evolved to ICT connections for automatic activatio
which allows to expand such services to multiple locati
if needed. A file structure identical todhof the TSO is use
for activations, only the infrastructure through which thot
files are delivered is different from the TSO infrastructu
The demo uses the same common information model ¢
the same XML files for activation.

B9e Lack of alignmentin settlement The demo uses the same formulas for calculating active

process energy according to effective power and baseline.

B12 | No appropriate baseline methodolog The baseline methodology follows good practices from
and process established for ne TSO market. The methodology for DSOs uses the last 1
flexibility markets and new types ¢ interval effective power before activation announcement
flexibility provders (e.g. low voltage the baseline (from themeasurements), whereas the TS
flexibility) use the last schedule sent before activation (which is a

of extra work for similar result, as the last schedule s|
reflects effective power 15 min before activation).

B13 No uniform access and registratic These processes reflect good practices from the °
process/plaform for assets willing tc market. A platform for uniform registration process w.
participate to flexibility markets. created in the process. Sincthe target audience is

different, it is not expected fothe process to become on
with the processes used by the TSO.

B17 | Unavailability of adequate informatiol All locations are studied indaance with historical data, s
allowing FSPs to anticipate the value that the expected number of activations (and activat
their participation and hence not bein energy) can be anticipated. In the future, the DSO
able to quantify their business case = publish a tender for different locations. The total flexik

power of each location will be given, but not expest
number of activations or total time of activations.
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5.1.7 Cyprus

The Cypriot demo is part of the Southern cluster and implements mdwdsed TSSO coordination. The
demo focuses on congestion management, voltage control, frequency contracive power management,
and trades a corrective local reactive product. It aims to demonstrate an effective collaboration between the
different actors of the Cypriot power system namely the TSO, DSO, Market Operator, and prosumer/aggregator.
The Cyprus dao will, among othethings, (i) allow aggregators and prosumers to provide active power, reactive
power and power quality flexibility services to the power grid, (ii) enable higher penetration of RES without
risking the stability and integrity of the sgsh, and (iii) showcase that the effective collaboration of the critical
actors of the power system through the OneNet System can benefit the grid. The demo will set up a market
architecture that will include a local DSO ancillary services market whidtanille the congestion management
of the distribution grid and a central TSO ancillary services market that will deal with the frequency containment
reserve. It will develop two platforms: the Active Balancing and Congestion Management platforms fo&the DS
and the TSO, ABCMl and ABCM respectively.

More information on products, services, and platforms can be fourj@3i [65]
The overview of the barriers addressed by the Cypriot demo and their solutions are proviGieiolés-7.

Table5-7: Overview of addressed barriers and solutions for the Cypriot demo

No Barrier Solution
B1 Insufficient coordination The flexibility services regarding the frequency support (W/Hz) are cle
of flexibility markets for in the TSO intralay market, while the local congestion manageme
system services witl services regarding the active power (W) are cleared in the DSO local
energymarkets with real time market (see figure below, taken frdf8]).
regard to timing. The reactive power support provided for the local congestion
considered independently from the active power support and there is
need for timing ceordination.
It shouldbe noted that there is not any existingoperational market in
Cyprusyet. In the demo Where the market virtual), the TSGntra-day
marketwill be clearedeverythree hourswhilethe DSQocalnearrealtime
marketwill be clearedeveryhour.

Day Ahead Intraday Near-Real-Time
Day-ahead Intraday energy and balancing Balancing
energy reserve capacity Energy

TSO P market

ID-TD-P-A
Intraday TSO
P market

ID-D-PQ-A
Intraday DSOlocal P

market

Local DSO P market

Legend

OneNet submarket Existing submarket
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B3 | Lack of harmonization o
flexibility products for
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TSO and DSO

B8  Limited coordination for
procurement of
flexibility by DSO anc

TSO.

B9a Lack of alignment in pr
qualification process

B10 Lack

of

establishet

methodology for
network representation
for the distribution grid
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As a solution, the flexibility products are well harmonized and decou|
between them. This means that the products are not creating conf
between them. Foinstance,in this demo the TSntraday marketdeals
with the frequencysupportproducts Hence, frequencgupportproducts
(e.g.,rapidactivepower changeaccordingo frequency) providedby FSPs
in both transmissiorand distribution level bid only for frequencysupport

productsin the TSOntraday market On thecontrary, in the DSQocal

market, the products that are provided are related to the congestion
management(e.g.,changeof active power, phasebalancing changeof

reactivepower).

The barrier in the Cypriot demo is related to the use of different prodt
(with different attributes) to solve one grid problem (e.g., congest
management). This barrier is addressed by the development of an op
algorithm for the activation of muible products (by the DSO) to minimi:
the grid cost according to the market prices of the different produtise

algorithm defines an analytical solution for the activation of multi|
products at each time step to solve the congestion. For examplgsea
that two different products are available for congestion management (
the phase balancing reductionof active power and reactive powel
products) with two different prices, the algorithm will activate th
combination of the products that can achiewengestion relief at the
minimum cost.

Additionally, as mentioned before, the flexibility products are w
harmonized and decoupled between them. The products related to
phase balancing and reactive support are decoupled (as they provi
different kind of service) from the FCR products and active po
products. In the case of the harmonized FCR and active power proc
the FCR products are first cleared on the TSO-uigramarket while the
remaining active power flexibility (from the FSPs in digtribution grid)
can be traded in the local DSO near real time market. In this sense
TSO has priority for this type of products. Moreover, the FSPs are alt
provide multiple services to increase their value stacking.

In the Cyprus demo, this barrier is encountered for the TSO products
FCR) when they are provided by FSPs at the distribution grid. The b
is tackled by having a prequalification scheme that takes into accoun
distribution grid constraints (technical prequalification only witho
considering different timeframes) for the provision of flexibility servic
by FSPs. This prequalification defines the limits of the -DSO
interconnection point that will not cause any opé limits violation.
These limits are forwarded to the TSO market to be considered during
clearing of the FCR products offered by the FSPs.

The demo considers full knowledge about the distribution grid model
monitoring schemes for operating condition visualizatidine monitoring
scheme that was developed for representing the operating conditior
the grid is based on the weighted leasjuares approach. This approai
uses power injection, power flow measurements, smart me
measurements, as well as the grid topology to estimate in consect
time intervals the voltage magnitude and angle in all the nodes of
distribution grid. Thidnformation can be further used in assessing t
operating condition of the grid and help in the decision making of
DSOs.

It is assumed that all feeders are monitored both in the MV and LV le
or at least the active and reactive power flow at theginning of each
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feeder is available through measurements. The operating condition
the FSPs are also available in real time.

B12 No appropriate baseline In the demo, the identification of the baseline operation of the low volte
methodology and consumer is a critical aspect to allow the proper remuneration of
process established fo consumer in the case of flexibility provision. The LV prosumer
new flexibility markets participates in the congestion management separates the loads
and new types of controllable and uncontrollable loads under two different smart mete
flexibility providers (e.g. The demo deploys a load/generation forecasting scheme applied on
low voltage flexibility) the controllable loads to provide short term forec¢mg), at the prosumer

side. The forecasting errors that are calculated by the FSPs (accord
the deviation between the forecasting profile of the controllable loads ¢
the actual demand) are corrected by using an energy storage sy
(owned by the posumer and connected under the controllable lo
meter) to ensure that the consumers are able to track the predefil
power exchange profile of the controllable loads.

B13 No uniform access an: The demo has developed uniform interfaces for the FSPs to submit ti
registration offers for different services procured in different markets.
process/platform for
assets willing to
participae to flexibility
markets.

5.1.8 Greece

The Greek demo is part of the Southern cluster and is implementing technical B&&ESO coordination
on the existing market architecture. The demo targets congestion management and voltage control and trades
3 products, namely a predictive shadrm local active product, a predictive lotgrm local active product, and
a corrective dcal reactive product. The main goal of the demo is to improve the procedures for congestion
YEYEFE3ISYSyld NB&az2fdziA2y d ¢ KASH hg A S EAAD A RChahdel) dhkiNB dz5K ¢ (1 K &
digital platform for providing grid services (frequenaydanonfrequency) for the balancing and congestion
management challenges. It demonstrates the settiqgof a flexibility market with various common products
for TS@GDSO coordination. The core technologies of the digital platform are (i) the forecastihger(ensuring
predictability of the highly volatile RES generation and demand) and (ii) the coordination module, which will
consider the existing functionality and data of key systems (e.g., the control system, asset register, GIS). Both
modules will conisler all the various stakeholders participating in existing or near future markets in Greece,

including prosumers, aggregators, storage owners, and EV charging station opgs&jors
More information on products, services, and platfarran be found if63], [65]

The overview of the barriers addressed by the Greek dantheir solutions are provided iFable5-8.
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Table5-8: Overview of addressed barriers and soluidor the Greek demo

No Barrier Solution

B1  Insufficient The Greek demo solves this barrier by means of the market structure. It fore
coordination of coordination between the already existing Greek markets (DAM and IDI
flexibility wholesale markets and balancing markets) and the implemented flexi
markets for platform, called Fehannel. This sequence is chosen in order not to violate
system services current, already running marketesign in Greece.
with Long-term Week-ahead Day Ahead Intraday Near-Real-Time
energymarkets w1 m. - Prs
with regard to =
timing. ener )

Intraday
energy market

ID-TD
Intraday bilateral
energy

ST-TD-PQ-A-E
Short-term bilateral

| Common Flexibility Management
I ‘
|

—_—
Participation
to availability

Legend

OneNetsubmarket | Existing submarket

mitment

Fchannel is foreseen as a web based, client server application which will enl
Active Power Management for TEIBO coordination using Artificial Intelligen
methods and cloustomputing approactie5]. Theplatform operates in paralle
timeframes and provides availability bids to the existing markets.

The Fchannel is implemented as a separate flexibility platform and market
exchanges information with the existing markets and forwards bids to
markets that work near real time. Currently, there are rules for considel
flexibility bids within the balancing market rulebook. Until now, all available
guantities are activated within the existing sequence of markets. Therefore
forecasted RES anddd time series can be provided as inputs to the exis
markets in order to consider them.

The figure below provides an overview of th&CRannel architectur¢66].The
figure below provides an overview of theGhannel architecture .

Forecasting

b 7o
=B :
Forecasting ” - o ﬁ
Forecasting 3

: - TSO DSO
Flexibility 202 OPERATIONS

: [«/. Requirements ‘?

: Operational constraints Asset constraints Optimize

FLEXIBILITY MARKETS

B2b ' Insufficient The FChannel has a forecasting module that provides both stesrh and
coordination of  longterm forecasts for both weather and flexibility volumésis a tool
different system designed and implemented to be used by system operators.
services
overdifferent
timeframes  for
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planning and
forecasting
(baselining)

B2c Insufficient
coordination of
different system
services
overdifferent
timeframes for
procurement

B2d ' Insufficient
coordination of
different system
services
overdifferent
timeframes for
activation

B2e Insufficient
coordination of
different system
services
overdifferent
timeframes for
monitoring

B3 | Lack of
harmonization of
flexibility
products for
system services
for both TSO anc
DSO

B8 Limited
coordination for
procurement of
flexibility by DSC
and TSO.

B9a Lack of
alignment in
pre-qualification
process

B9b Lack of alignment
in planning and
forecasting
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The existing market (DAM, IDM, and BM) timeframes are provided in the fi
below. The calculated availability bids of the FSPs will be forwarded from-tl
Channel to all the different market timeframes, meaning that FSPs can partic
in all the considered market segments.

«=DAM «IDM =mBM
t-1 : t

|
cripasl

I 1sp2 | |
1
\

DAM CRIDA1 CRIDA2

I1sP1 |

I1SP3 l Is |
i
|

11:00 !
1200 1215

19:45

15:00 1530 200 2230 | 10:00

I
Time (CET)

The unified platform, developed within the demo, should enhance
coordination between the participants in the flexibility market. Tn the first ple
the Fchannel provides the forecasts. These are fowea to the existing
sequence of markets and are taken into account. The sequence of markets r
in a schedule for the assets that have to be activated which is forwarded tc
Fchannel. The latter sends the activation signals to the FSPs that mneated
and provided bids in -Ehannel in the first place. Some hierarchy rules
considered in order to coordinate the participants.

|
|
|
|
|
|
10:00 12:00 13:00

This platform willtogether with all of its modules such as the forecasting modi
be interconnected both to the system operators and to the customers, allov
for any potential issue regarding the coordination to be resolved in a fast
efficient manner. This also incles the problems related to the differer
timeframes for monitoring purposes.

The demo uses TSO products for balancing, voltage control, and congestio
DSQproducts for voltage control and congestion. The products for voltage
control and congestion have the same product attributes and values for TS¢
and DSO.

The Fchannel, via its coordation module, enhances the coordination betwe
the TSO and the DSO. Thehannel communicates the requirements ai
availability to the SOs and the connected FSPs, based on the forecasted re

The flexibility platform acts as a solution here. Within thehgnnel, technical
prequalification of the FSP assets can be done once within the registration of
FSP.

The solution offered by the demo is the creation of a comrflexibility register
(within the FChannel) that contains the location of the FSPs resources and
necessary eligibility criteria that assist in the (grid asset technical) prequalific
process.

The forecasting module of the implementeetkannel provides realistic
assessments of the weather conditions and gives, based on these forecast:
appropriate dispatch setpoint instructions for the FSP assets.
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B9c

B12

(baselining)
process

Lack ofalignment
in activation
process

No appropriate
baseline
methodology and
process
established for
new flexibility
markets and new
types of flexibility
providers  (e.g.
low voltage
flexibility)
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Priority will be given accordingly to TSO or DSO depending on the produc
the issue that should be resolved by it.

Currently, there is a common baseline load calculation within the balan
market. The methodology is provided her
https://www.admie.qgr/sites/default/files/users/dda/KAE/Baseline%20method

ogy_v3.pdf

Short description
Dispatchable Load Portfolio Baseline mFRR:

The estimated volume of electricity that would have been consumed from
Dispatchable Load Portfolio, in theent that the Demand Response Event h
not occurred, constitutes the Dispatchable Load Portfolio Baseline.

MFRR Baseline Load Calculation Methodology

For a Dispatchable Load Portfolio to participate in the Balancing Market
Demand Response Aggregatioas the right to choose one of the availak
methods for calculating the Dispatchable Load Portfolio Baseline. The ava
methods for calculating Dispatchable Load Portfolio Baseline are the me
internationallyknown as the 'Meter befordleter after' Yy R G KS W
method.

Meter BeforeMeter After' Method

Under the baseline load calculation method 'Meter BefMeter After’, in the
case of issue of a Dispatch Order for the provision of upward or downward r
Balancing Energy or energy for poses other than balancing (reduction
increase of load respectively), the baseline load is equivalent to the sum ¢
certified reduced metered quantities absorbed at the Transmiss
System/Distribution Network

Boundary, for the entire Dispatchableodd Portfolio during the Imbalanc
Settlement Period prior to the Demand Response Event.

High X of Y Method

' YRSN) GKS o0FaStAayS t2FR OFf Odzf | (A
Y, X days with the highest consumption are selected and thel IDispatchable
Load Portfolio Baseline is calculated on the basis of recent met
measurements of load consumption during those days. Furthermore, for
calculation of the highest consumption the average method is used, as sl
below.

MFERR Dispatchébl oad Portfolio Baseline for Intermittent RES Generation L
The Dispatchable Load Portfolio Baseline for Intermittent RES Generation L
defined as the electricity that would have been produced from the Portfolic
Dispatchable Intermittent REGeneration Units in the event that it had n
received a Dispatch Instruction activating a mFRR Balancing Energy Offe
the HETS Operator.

MFRR Baseline Load Calculation Methodology:

'Meter BeforeMeter After' Method

To calculate the Baseline Load @ncdthe Baseline Load Calculation Meth
'Meter BeforeMeter After', the certified 18minute metered measurement:
before and the certified 1#ninute measurements after one or more conseculti
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Dispatch Instructions activating mFRR Offers (upward or downveaak) to a
Dispatchable Portfolio of Intermittent RES Generation Units.

aFRR Baseline Load

The method presented in this section is used to determine the activated ¢
Balancing Energy for the Dispatchable Load Portfolios and the Dispatc
Portfolio of Intermittent RES Generation Units. The aFRR Baseline Loac
Portfolio is defined as the electricity that would have been produced/consui
by the Portfolio in the event that it had not received a Dispatch Instruction
the activation of an aFRR

Balarcing Energy Offer from the HETS Operator.

Declaration Method

The aFRR Baseline Load is calculated by the Aggregator for each cycle of
process, i.e. every four (4) seconds, and is sent by the Aggregator to the
Operator via a remotéerminal unit (RTU) one (1) minute before each cycle
the aFRR process. For example, at 14:00:00 (hh:mm:sd) the Aggregator sel
LR NIGF2tA2Q LINRPRAzOGA 2y k O2 Yy & dzY tIABDR0M.
Next, at 14:00:04 (hh:mm:sd) the AggregatolS ¥ R & i KS
production/consumption in MW for the period 14:01:@414:01:08 and so on.

B13  No uniform
access anc
registration
process/platform  This issue is resolved via thelannel flibility registry. It provides the sam
for assets willing registration format for all assets.
to participate to
flexibility
markets.
B17 Unavailability of
adequate
information
allowing FSPs t
anticipate  the The forecasting naule of the Fchannel provides realistic assessments of
value of their weather conditions and gives, based on the forecasts, an appropriate vall
participation and the required flexibility volumes. This value is shared with the FSPs as well.
hence not being
able to quantify
their  business
case

5.1.9 France

The French demo is part of the Western cluster and is implementing technical basé€aSTs&ordination.
It aims at building a blockchalmased platform shared by TSO DSO and producers, in order to simplify and
optimize the compensation of producers afteflexibility activation. The scalled STAR platform will enable the
tracking and sharing of data related to the entire life cycle of a flexibility activation, from the order submission

to the compensation of the producer.

Copyright 203 OneNet Page37
Bl ¢ KAAa LINRP2SOG KFa NBOSAGSR FdzyRAYy3I FNRY (KS 9d:
research and innovation programme under grant agreement No 957739




Nl
I Nk

The overview of the barriers adessed by the French demo and their solutions are providdabie5-9.

Table5-9: Overview of addresgd barriers and solutions for the French demo

No Barrier Solution
Bod Lack of alignment in monitorint ¢ KS RSY2Q&a { ¢! w LI I GF2NY
process a unique source of monitoring data, eventually easing

settlement process. These monitored data are mos
activation orders, metered active power and estimat
energy not served during the activation period. The data!
be registered on the STAR platform within one or t
months after being received.

The data are neesl to check that the producers adapte
their production according to the activation and compu
their financial compensation. Having information stored
a shared ledger will ease the settlement process by ensu
the unicity of data and transparency feach participant
(lesser risk of dispute).

¢KS RSY2Qa {¢!w LIXIGF2NY
journey for producers willing to partigate.

B13 | No uniform access and registratic
process/platform for assets willing t
participate to flexibility markets.

5.1.10 Portugal

The Portuguese demo is part of the Western cluster and is implementing technical basedSTSO
coordination. The demo will focus on congestion management through a predictive locatetmrand local
longterm active product. The main gbis to test a data exchange information mechanism between the
Portuguese DSO and TSO for flexibility and operational planning purposes. More specifically, it will test the
processes for DSDSO data exchange and storage related to: (i) theqoiaificaion processes, considering
both grid and product prejualifications; (ii) the identification of daily flexibility needs to prevent congestions in
the distribution and transmission networks; (iii) the annual maintenance plans, including monthly and weekly
updates of the existing plans; (iv) the daily consumption and generation forecasts; (v) the daily forecasted short

circuit information.
More information on products, services and the exchange mechanism can be fo[@8),if67]

The overview of the barriers addressed by the Portuguese demo and their solutions are providsen

5-10.
Table5-10: Overview of addressed barriers and solutions for the Portuguese demo

\[o] Barrier Solution

B2a Insufficient coordination of different
system services ovelifferent
timeframes for prequalification

B2b | Insufficient coordination of different
system services ovelifferent
timeframes for planning  anc
forecasting (baselining)

Time windows were defined for thdifferent stages and
interactions between the DSO and TSO.

Time windows were defined for the different stages a
interactions between the DSO and TSO in order to
aligned with the gate closure times of the existing marke
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B7 Limited

coordination/integration

B9a | Lack of alignmentin pre-qualification

process

B9b Lack of alignment in planning ar

crossborder

forecasting (baselining) process

B13 | No uniform access and registratic
process/platform for assets willing t

participate to flexibility markets.
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The demo is using the OneNet Connectortest cross
border information exchange between the DSO, the 1
and the foreign system operator for prequalificatic
purposes, allowing an FSP that is connected to one sys
(either distribution or transmission level), to be prequalifi
acrosshorders

One of the System Use Cases of the demo aims to aligr
test the data and information flows between the DSO &
the TSO, considering two different scenarios:
prequalification for FSPs connected to the distribution gi
considering both the situatiomhere the FSP wants to b
prequalified by the TSO and the situation where it wants
be prequalified by the DSO; (2) prequalification of F
connected to the transmission grid, considering both t
situation where the FSP wants to be prequalified by@s0O
and the situation where it wants to be prequalified by tl
TSO.

For example, in the case where the FSP is connected ¢
distribution grid: (i) if they want to be prequalified by th
TSO, the TSO will inform the DSO and request a
prequalificaton from its side; (i) if they want to b
prequalified by the DSO, the DSO will only inform the TS
the prequalification result, and the process ends with
acknowledgement (or not) from the TSO.

To guarantee a smooth and effective interaction, tbenfat
and schema of the information shared is defined g
validated within the data exchange process.

The results of the prequalification are stored on both sid
DSO level and TSO level, so no common database for st
information is tested.

One of the System Use Cases of the demo will test the |
exchange between the DSO and the TSO so that they
determine how much flexibility they will need to acquire f
a shortterm time frame (dayahead and intraday). Thi
coordination is needed to prevent congestions in t
distribution and transmission grids due to the activation
active power flexibilities for the needs of the TSO and D
This SUC defines and tests the steps ®@s should follow
to identify potential network restrictions for the next da
and intraday and to understand the amount of flexibili
they will need to solve their needs and constraints.
determine the flexibility needs, the following aspects will
considered: grid layout, weather forecasts and informati
on the flexible assets.

The Portuguese demo accounts for a continuc
synchronizaon of the registry from both DSO and TSO si
thus opting for a distributed registry instead of a centralis
one, so that there will not be a single entity managing 1
registry database. The demo does not address
perspective of the FSP in the rdgysbut is solely focused ol
the information flow between DSO and TSO.
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5.1.11 Spain

The Spanish demo is part of the Western cluster and is implementing rdaakett DSO coordination. It is
focused on congestion management and trades a predictive gbort locd active, a predictive lorterm local
active and a corrective local active product. The objective is to use the flexibility of the resources connected to
the distribution system to manage congestion at the distribution level. To enable the trading itilitiex
products, a local market platform is developed in which the DSOs can buy flexibility services from FSP in two
main submarkets: (i) Lorgrm market: long term procurement of flexibility services through a market
mechanism to avoid congestions attmedium or low voltage distribution networks, and $hortterm market:
short term procurement of flexibility services through a market mechanism to avoid congestion management at

the medium or low voltage distribution network, the day ahead or intraday
More information on products, services and the exchange mechanism can be fo[@8],if67]
The overview of the barriers addressed by the Spanish demo and their solutions are providdxdies 1 1.
Table5-11: Overview of addressed barriers and solutions for the Spanish demo

No Barrier Solution

B12 No appropriate baselinenethodology The baseline methodology is based on historical d
and process established for ne information. Currently, there is no specific rule for basel
flexibility markets and new types c calcuktion. Therefore, the demo is studying different wa
flexibility providers (e.g. low voltag to calculate the baseline using historical information frc
flexibility) smart meters or asset monitoring devices.
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5.2 Mapping of demo solutions to OneNet solutions

In this section, a mapping of the different solutions developed in OneNet demonstrators is done, linking all
the solutions with the barriers listed iBection4.3 above and categorising the solutions into three category
spaces: market process, technical solutions for SOs and market access. After the categorisation, an analysis of
the solutions implemented by the demos within each category space ferpezd to identify similarities across

solutions adopted and major differences among them.

5.2.1 General overview

Table5-12 maps the different solutions identified and developed by the demos and links them with the
barriers listed underTable 4-3. This mapping comprises of responses gathered from the demos that are
thoroughly described in sectidh 1. Thesolutions are colour coded, representing the category space where the
solution fits best.

¢KS OIFGS3I2NE 2y dal Nl SO LINRPOS&daSaeg o6eStftz20 O2YLNA
optimisation of market procedures, addressing aspects such as gagarel coordination among different
markets, harmonisation of products exchanged in the markets and the different methods adopted for baselining
YR aSidtSYSyiod ¢KS a¢SOKYyAOlIt azfdziaAzya F2NJ {haé¢ OF
SOsto promote coordination on flexibility procurement by DSOs and TSOs, aligning time windows and
information flows within and across borders, developing accurate forecasting solutions to identify the needs,
together with bid optimisation tools and common RSt & F2NJ INAR NBLINBaSyidl GAzy o
FOOSaaé¢ 02N} y3aSO AyOfdzRSa azfdziAzya G2 AYLNRBOS YI NJ St
FSPs in flexibility markets.
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Table5-12 ¢ OneNet demo solutions mapping

Barrier Northern Hungary Poland Slovenia Cyprus Greece France Portugal
B1 -Insufficient
L . Market L
coordination of flexibility Coordinate division Coordinati
markets  for  system gate on markets
) . - - - - based on - - -
services with  energy closure : [
. : service
markets with regards to times . Channel
- provided
timing.
B2A - Insufficient
coordination o_f different Flexibility Align time
system  services ove Register - - - - - - - Windows -
different timeframes for 9
pre-qualification
B2B - Insufficient
coordination o.f different Traffic EChannel -
system  services ove . . Align time
" ; - light - - - - forecasting - ; -
different timeframes for windows
; . scheme module
planning and forecasting
(baselining)
Products AVE;)I:gglllty
B2C - Insufficient  sold in
L . . . forwarded
coordination of different sequential Traffic from E
system  services ove marketsin light - - - - - - -
) ; Channel to
different timeframes for terms of scheme
all market
procurement gate -
timeframe
closure s
B2D - Insufficient Optimisati Forecasts
coordination of different on of - - - - - forward - - -
system  services ove results from F
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CKA& LINRP2SOG KIFIa NBOSAGSR FTdzyRAy3a FNRBY (GKS 9dNBLISIY ! yAz2yQa | 2NAT 2Y HAaHunN
research and innovation programme under grant agreement No 957739



different timeframes for
activation

B2E - Insufficient
coordination of different

system  services ove
different timeframes for
monitoring

B2F - Insufficient

coordination of different
system  services over
different timeframes for
settlement

B3- Lack of harmonizatior
of flexibility products for
system services for botl
TSO and DSO

B4- Exclusivity clauses an
non-harmonised contracts

B6 - No specific incentives

in the regulatory
mechanism

(remuneration) that
support a common

approach between SOs fc
flexibility procurement

B7 - Limited crosshorder
coordination/integration

Copyright 203 OneNet

through
TDCP

Design of
common
products

Harmonise
d cross
border

processes
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Fully
harmonize
d products

NEOSAPSR Fdzy RAy3 FNBY

Channel to
market
sequence

FChannel
connecting
consumer/

SO

New DSO
products
similar to
products
used by
TSOs

Fully Harmonise
harmonize d product
d products attributes
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B8 - Limited coordination
for procurement of
flexibility by DSO and TSC

B9A- Lack of alignment i
pre-qualification process

B9B- Lack of alignment ir
planning and forecasting
(baselining) process

B9C- Lack of alignment ir
activation process

B9D- Lack of alignment ir
monitoring process

and
productg®
Ll Traffic o
procureme light i Flexibility i
nt through 9 platform
TDCP scheme
Flexibility
Flexibility ] ] pLe:]t:‘g:\nc ]
Register -
prequalific
ation
Baselining
Flexibility _ _ Tseézol‘r’] _
Register .
capacity
markets
ICT
Traffic Traffic connection
- light light - s for
scheme scheme automatic
activations

Algorithm
for Fchannel
multiple coordinati
product  on module
activation
DSO
constraints
considered
in the TSO
prequalific
ation

Common
flexibility
register
within ~
channel

Dispatch
setpoints
- based on
Fchannel
forecasts
Priority
dependent
- on the
product/
issue

NI~
I Nk

data
exchange

Align
informatio
- n flows on -
flexibility
needs

Align
informatio
- n flows on -
prequalific
ation

Align
informatio
- n flows on -
flexibility
needs

Unique
source of
monitoring
data

20This solution is quitevide in scope and can fit in either one of the categories, although, for categorisation purposes the most prominent omeswiaser: market processeonetheless, the processes can
also fit in the market access, through the use of the flexibility register for prequalification, and under technical spthtimngh the TDCP.

Copyright 203 OneNet
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BOE- Lack of alignment ir
settlement process

B10 - Lack of establishec
methodology for network
representation for the
distribution grid

B12 - No appropriate
baseline methodology anc
process established fo
new flexibility markets anc
new types of flexibility
providers (e.g. low voltage
flexibility)

B13 - No uniform acces:
and registration
process/platform for
assets willing to participate
to flexibility markets

B14- Risk of gaming due tt
exertion of market power
and/or shortcomings in the
market setting

Copyright 203 OneNet
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Same
formulas
Database as fer &
o activated
Flexibility of i ) ener
Register  activated base dggn
SERIEES effective
power/
baseline
Corr:ir(;wn Cgmer:lon Standard
9 ; P KDM ;
representa source
: model
tion format
Based_ on Baselining Good
capacity .
N NN method practices
Flexibility limitations .
. - . used in from the
Register instead of .
capacity TSO
ordered
L markets market
deviations
Common Flexibility = ©°%¢
e practices
Flexibility =~ procedure i platform - from the
Register T2 NJ d. uniform TSO
registry access market
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Full
knowledge
on grid
model and
monitoring
schemes

Forecastin
g scheme
for
controllabl
e loads

Uniform
interfaces
for the
FSPs

LyizyQa

NI~
I Nk

Based on

historical

informatio
n

Standardise

Synchroniz
ation of
DSO and -
TSO
databases
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NI~

I Vb=
B17 - Unavailability of Map_L{I'for
. . flexibility L Accurate
adequate information needoverv Studies in required
allowing FSPs to anticipat . Traffic Weighted advance to quire
. iew of . . - flexibility
the value of their Lo o light merit - anticipate - - - --
L YgKe . based on
participation and hence : scheme  order lists n° of
realized Fchannel

not being able to quantify i NTF RS activations forecasts

their business case
area

Figure5-2 below presents the distribution of the category spaces among the solutions implemented by the demos, showing a balametdaplitthe solution spaces

identified.

21, 31%
25, 36% Market processes
Technical solutions for SOs
Market access
23,33%

Figure5-2 - Percentage distributionf the category spaces across the demo solutions
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5.2.2 Market processes
¢CKS aal N} SG LINRPOSaasSae OFGiS3az2Ne O20SNE (GKS YIAy azft.
or even create new market procedures, mainly addressing barriers related to the ldekrobnisation of
flexibility products for system services for both TSO and DSO (B3) and to thexistence of appropriate
baseline methodology and process established for new flexibility markets and new types of flexibility providers
0. MmoU @ Lnfit@rivte thaf kdtéldolutions can serve both market processes and market access, hence,
solutions related to prequalification, such as the implementation of a flexibility register could well be included
Ay GKAa OFGS3I2NE o0dzi OHOSHE A0 GEI2ANRR2IR a2 | aYFNy S |
There were three main solutions implemented by the demos, these being: (1) gate closure coordination; (2)
I FNY¥2yA&aSR LINPRdAzOGAT YR 600 .FaStAyAaAy3d YSGK2Rao | 3
found in Table5-13, Table5-14 and Table5-15 respectively, along with a more concrete description with

examples from the demos, and identification of main similarities and differeimcére implemented solutions.

Table5-13¢DSYSNAO RSAONARLIIA2Y 2F GKS avYlI ONRé &a2f dzi A

1) Gate closure coordination

Generic description Barriers addressed Demos
Coordinate gateclosure times = B1- Insufficient coordination of flexibility mikets for Northern,
of flexibility markets with system services with energy markets with regards = Pdish, Cypriot,
existing energy markets timing Greek

(intraday), to better estimate
network state and flexibility
needs to be accommodated by
flexibility products that are B8- Limited coordination for procurement of flexibilit

subsequently activated by DSO and TSO

B2c- Insufficient coordination of different system
services over different timeframes for procurement

I O2yONB(GS SEIFYLXS F2N GKA& aYlI ONR¢ &2fdziAzy A& LINR
closure time for shorterm active energy product (§FE) as in the intraday market, and the near riale
active energy produdfiNRFP-E) will come 2 hours after, i.e., close to real time. This is done in order to have full
knowledge of the network flows after the activation of the-BIE products, thus optimising the use of NRE

products. Also, energy products are sold in sagfial markets in terms of gate closure.

The Polish demo chooses a different approach, establishing that all bids related to congestion management
and voltage control for the distribution grid are submitted and selected before the gate closure time for
balancing capacity, and are taken into acabloly a dedicated optimisation algorithm embedded in the Flexibility
platform. The opposite approach is foreseen in the Cypriot demo for FCR products, which are first cleared in the
TSO intraday market while remaining active power flexibility from FSPectad in the distribution grid can be
traded afterward, in the local DSO near réiahe market, thus, giving priority to the TSO to access this type of

products.
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Coordinating existing markets with newly developed technology platforms is something forbyettre
Greek demo, where the-Ehannel platform operates in parallel timeframes and provides availability bids to

existing markets.

Table5-14-DSY SNA O RS & ONR LJi A 2 y haznoniseédkpdodats Y ONB ¢ & 2 £ dzi 7

(2) Harmonised products
Generic description Barriers addressed Demos

Design common and harmonise B1 - Insufficientcoordination of flexibility markets Northern, Czech,
products and product attributes for system services with energy markets wi Slovenian,

that can be accommodated in the regards to timing Cypriot, Greek
market platforms and are

decoupled to avoid any conflicts| B3¢ Lack of harmonization of flexibility products fi

system services for both TSO and DSO

B7- Limited crosshorder coordination/ integration

¢KS aYlFIONRéE azftdziazy 2y 02YY2Yy |yR KIFENXY2YAT SR LINE R d:
Czech demo, for instance, ensures that its platform can accommodate all the selected harmonised products,
namely, a predictive shorterm local active product for local congestion management of active power, a
predictive longterm local reactive product for voltage control by Q management, and a predictivetdomg
local reactive product for reactive power managememhe Northern demo addresses near rgale active
products and longerm capacity products (NRFE and LP-C), the first can be used for balancing and
congestion managemenindthe second can be used for lotgrm procurement of capacity for balanciagd
congestion management. The Northern demo also foresees that these common products can be trade across

borders.

For designing these harmonised products, OneNet demos rely frequently on existing best practices from TSO
markets namely, the Northern demoriginally based its NRFFE product on mFRR requirements. Ensuring a
clear decoupling of the products is also of concern by several OneNet demos to avoid any market conflicts, for
instance, the Cypriot demo defines th&80 intraday market deals with dngency support products, whereas
congestion management products are provided in the DSO local market. However, the Greek demo foresees
some intersection between the products, foreseeing TSO products for balancing, voltage control and congestion
managementand DSO products for voltage control and congestion, assuming the same attribute values for

voltage control and congestion management products for TSOs and DSOs.
Table5-15-DSYy SNA O RS & ONX LJi A 2 y bagefining iiefhods Y ONR ¢ &2t dzii

(3) Baselining methods

Generic description Barriers addressed Demos
Establish a concrete method t¢ B9b ¢ Lack of alignment in planning and forecasti Northern,
define the baseline, either via (baselining) process Hungarian,
historical data or accurate Polish,

Slovenian,
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load/generation forecasting, or B12 - No appropriate baseline methadbgy and Cypriot, Greek,
even via product design process established for new flexibility markets and n Spanish
types of flexibility providers (e.g., low voltage flexibilit
¢CKA& aYlFIONRE¢ az2ftdziiz2y | RRNBxdiitdmarkets/ Shichlis e dctuabandNINA S NJ

accurate definition of a baseline to verify flexibility services provision. It is in fact one aspect targeted by several
demos, with different approaches being followed. Both the Northern and Spanish demosreistorical data
AYF2NXIGAZ2Y (2 RSTAYS (GKS o0laStAaySs AGK GKS fF GaGdSNI
is currently undergoing some studies on different ways to calculate the baseline using historical information
from smart meers or asset monitoring devices. However, the Northern demo foresees two different approaches
for baseline calculation, either eante provided by the FSP, or-pmst baseline, the latter based on historical
data and centralises this process via its fidity register, through which the settlement process is also done.
The Northern demo resortstothe éx)2 a G LINR OSaa Ay OF &S -anté Baseling untilhe Say Qi

predefined deadline.

Forecasthased solutions are also implemented. In theyt demo LV prosumers separate loads between
controllable and uncontrollable, having two different smart meters installed, for each of these categories, and a
load/generation forecasting scheme is applied solely to the controllable loads, for whichastireg errors
calculated by the FSPs are corrected by a storage system installed by the prosumer. The Greek demo relies on
its FChannel to do realistic assessments of weather conditions and based on that, provides dispatch setpoint
instructions for FSPsind uses the common baseline load calculation provided for in the existing balancing
market. The Slovenian and Polish demos also adopt similar practices done in TSO markets, with the latter using
the same baselining method used in capacity markets. Theg&tian demo adopts a different approach from
other demos, addressing the baselining barrier via product design, namely through the use of capacity
limitations instead of ordered deviations, thus, no requirements are defined in the demo regarding baseline a

it is not directly connected to a specific provision schedule.

5.2.3 Technical solutions for SOs

¢tKS G¢SOKYyAOlIt &az2fdziazya F2NI {haé¢ OFiS3I2NE AyOf dzRS
improve coordination between system operators and moreugately identify the network needs. This category
mainly addresses barriers related to the limited coordination for procurement of flexibility by DSO and TSO (B8)

and the lack of established methodology for network representation for the distribution(Bdi@).

There were four main solutions implemented by the demos, these being: (1) Aligning information flows for
data exchange; (2) Accurate forecasting solutions; (3) Bid optimisation and multiple product procurement; and
(4) Common models. AgenericddsdrJi A 2y 2F GKS&aS aYl ONRHesBTabAINV,2Yy a OF y
Table5-18 and Table5-19, along with a more concrete description with examples from the demos, and

identification of main similarities and differences on the implemented solutions.
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Table516DSY SNA O RS & ONX LI A 2 vy aligning ififatrSation NovsToiBata excifigdzi A 2 Y 2 y

(1) Aligning information flows for data exchange
Generic description Barriers addressed Demos

Define and test the processes fc B2a ¢ Insufficient coordinationof different system Greek,

information and data exchange services over different timeframes for popialification = Portuguese
by and between SOs in the
different market stages, from
prequalification to procurement.
Crosshorder data exchange
flows are also included to enable B2c ¢ Insufficient coordination of different syste
FSPs participation acros services over different timeframes for procurement
different systems

B2b - Insufficient coordination of different syster
services over different timeframes for planning ai
forecasting (baselining)

B2d ¢ Insufficient coordination of different syster
services over different

B7- Limited crosshorder coordination/ integration

B8¢ Limited coordination for procurement of flexibilit
by DSO and TSO

B9ag Lack of alignment in prgualification process

B9b ¢ Lack of alignment in planning and forecasti

(baselining) process

CKAA aGYFONRBE¢ azfdziizy A& K2NRI2ydlt G2 &aS@SNIt YINJ

SOs.This aspect is thoroughly covered within the Portuguese demo that aligns and tests DSO and TSO
information flows for prequalification, flexibility needs, maintenance plans, generation and load forecasts and
short-circuit forecasts. The data exchange is edimrough direct communication via APIs between the DSO Data
Exchange Platform (DDEP) and the TSO Data Exchange Platform (TDEP), thraggtegrechemas and
formats to guarantee effectivecommunication and interoperability between both platforms. Sgectfime
windows for data exchange were defined and, more specificallyhiwexchange of data related to flexibility
needs, these time windows were aligned with the gate closure times of existing markets, so that the needs are
determined after the marketlosure. The Greek demo foresehs exchange of data related to availability bids
for the different market timeframes. This is done through the coordination module of ttleaRnel platform
that enhances interaction between the TSO and DSO, where als@@atents are communicated to the SOs

and connected FSPs.

The Portuguese demo also addresses chmssler data exchange through the use of OneNet connector for
exchange between the DSO, the TSO and the foreign system operator for prequalification puafiosesy an

FSP that is connected to one system (either distribution or transmission level) to be prequalifiedtarss.
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Table5-17.DSY SNA O RS aONR LI A 2 y acBufate fofeGstiogwllitionsl2 ¢ a2 £ dzi A 2

(2) Accurate forecasting solutions
Generic description Barriers addressed Demos

Improved forecasting B2b¢ Insufficient coordination of different system servici Greek,
solutions to accurately over different timeframes for planning and forecastir Portuguese
determine flexibility = (baselining)

needs by the SOs B9b ¢ Lack of alignment in planning and forecasti
(baselining) process

B12 ¢ No appropriate baseline methodology and proce
established for new flexibility markets and new types
flexibility providers (e.g., low voltage flexibility)

B17¢ Unavailability of adequate information allowing FS
to anticipate the value of their participation and hence n
being able to quantify their business case

¢ KA& &Yl ONER ¢nghy@iindzied té@ tie Grek danioNtough the forecasting module from its F
Channel, which is a tool designed and implemented to be used by SOs. This forecasting module is capable of
providing both shorterm and longterm forecasts for weather and flexiltyf volumes, and of interacting with

existing market®n a near reatime basis to forward availability bids.

The Portuguese demo also addresses this solution by improving and incréasifigquency of data
exchange between the TSO and DSO, thrdhgldaily exchange of data related to generation and consumption
forecasts by the DSO to the TSO so that these can be taken into account for determining daily flexibility needs
by both parties to prevent congestion in both transmission and distribution grig®. & d TSO specific tools are
also developed and/or upgraded for the daily forecast of these needs.

Table5-18&8DSY SNA O RS & ONAR LII A 2 y bi®optimisdiGh ard YhultpINBréduct 2 £ dzi A 2 Y
procurement

(3) Bid optimisation and multiple product procurement
Generic description Barriers addressed Demos

Joint TSEDSO procurement ol B2d¢ Insufficient coordination of different syster Northern, Polish,
flexibility products through a services ovedifferent timeframes for activation | Cypriot

bid optimisation tool B8 ¢ Limited coordination for procurement o

flexibility by DSO and TSO
9EI YL Sa 2F (KA& daYlI ONR¢ aztdzirzy Oy 68 &aSSy Ay 6:
foresees joint TSO@SO procurement organised by its TGO coordination platform (TDCP) which is the central
point for bid optimisation that matches flexibility bids and purchase offers in the most economical way, taking
Ayia2 | 002dzyd y20 2yt @ p&toddachdetvRiR dompdhehtBOS cardsdiimit flexibditg A § a
needs (energy products) in the platform and can also create calls for tenders (capacity products), which are

visible to relevant SOs.
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This solution is also addressed by the Polish and Cypriot slefine first uses network data for the technical
optimal selection of balancing offers taking into account previously accepted offers by the DSO, whereas the
second developed an algorithm for activation of multiple products that envisages grid cost ratmomithus,

selecting a combination of products that will lead to reduced grid costs.

Table5-19DSY SNA O RSAONRLII A 2 y comfioningd8ls a Y ONR ¢ a2 f dzi

(4) Common models
Generic description Barriers addressed Demos

Define a common network B10 - Lack of established methodology fi Northern,

representation model covering network representation for the distribution gric Hungarian, Polish

main network characteristics

The definition of a common network model is foreseen in the Northern, Hungarian and Polish demos, the

latter resorting to an existing standard KDM model used in Poland by both DSOs and TSOs for their HV networks.
The Northern demo has agreed on a commopresentation of the network, that discloses the topology (nodes
and connections), network limits, network forecasted baseflows and PTDF matrix, whereas the Hungarian demo
opted for the conversion of DSOs network representation, not only to a common fdyotedn opensource

one.

5.2.4 Market access

¢KS adal NJSG I 0O0Saaé¢ OIFiGdS3I2NE AyOfdRRSa GKS YFIAy &2t d
market access and promote increased participation by different FSPs in flexibility markets. This category mainly
addresses barriers related to the lack of alignment in the prequalification process (B9A), the existence of a
uniform access and registration process/platform for assets willing to participate to flexibility markets (B13) and
the unavailability of adequate infoation allowing FSPs to anticipate the value of their participation and hence

not being able to quantify their business case (B17).

There were three main solutions implemented by the demos, these being: (1) Flexibility register; (2) Traffic

light schemel YR 600 | YAT2NY | aSNILYGSNFIFIOSad !|' ISYSNAO RSaAO0
Table5-20, Table5-21, Table5-22, along with a more concrete description with examples fitbi® demos, and

identification of the main similarities and differences in the implemented solutions.
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Generic description
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(1) Flexibility regiser

Barriers addressed

Demos

Create a single point ol B2Ac Insufficient coordination of different system servic: Northern,
over different timeframes for preualification

contact for the
prequalification process,
where the FSPs art
registered, where their
prequalification is done
according to predefined
requirements and the
activated services anc
resources are stored

Czech, Greek

B9A(¢ Lack of alignment in the pigualification process

B9B ¢ Lack of alignment in planning and forecasti
(baselining) pocess

B9E¢ Lack of alignment in the settlement process

B12¢ No appropriate baseline methodology and proce
established for new flexibility markets and new types
flexibility providers (e.g., low voltage flexibility)

B13¢ No uniform access anggistration process/platform
for assets willing to participate in flexibility markets

az2f dzi

Three demos include a type of flexibility register: the Northern, the Czech and the Greek. The Northern demo

establishes its flexibility registers the single point for prequalification, prequalifying any product to which

resource group characteristics are satisfactory according to predefined requirements. In the Greek demo, the

flexibility register is integrated within its-€hannel tool, wherehte prequalification is done only once upon
NEIAAGNI GA2Yy 2F SIOK C{txX AyOftdzRAYy3I NB&2dz2NDOSaQ

all assets.

The Czech demo opts for a simpler approach, with a database comprising the actisateds, including a

common procedure fothe registration of platform users.

Table5-2:DSY SNA O RS & ONXR LI A 2 of traffi€ lighit 8cBemé Y I ONE £

(2) Traffic light scheme

Genericdescription

Barriers addressed

Demos

Deploy a traffic light scheme tha; B2B ¢ Insufficient coordination of different syster Czech,

provides
availability

if they can
flexibility

CKAA GaYIl ONRE

Copyright 203 OneNet
Bl ¢ KA& LINR2SO0

B2C¢ Insufficient coordination of different syster

services over different timeframes for procuremen:

B8 ¢ Limited coordination for procurement o
flexibility by DSO and TSO

B9C¢ Lack of alignment in the activation process

B17¢ Unavailability of adequate information allowin
FSPs to anticipate the value of their participation &
hence not being able to quantify their business ca:

information on grid services over different timeframes for planning ar Hungarian

through a User forecasting (baselining)
Interface, where users can chec
activate their

t20F 47

a2f dzi

ZaBlishdmEni a? g trafic/lightiskh®meSis a commonly used instrument for

determining network availabilities and is implemented by two OneNet demos: Czech and Hungarian. In the

Kl a

NEOSAGSR Fdzy RAy3 FNBY
research and innovation programme under grant agreement No 957739

GKS 9dz

Pagel03



Nl
I Nk

Czech demo, the traffic light scheme provides information on grid availafiligseeing that aggregators inform
DSOs on procured/activated services. SOs send information on grid availability to a central place and the
information is distributed through a dedicated GUI to all grid users in order to provide them with information
abou if they can/cannot activate their flexibility. This solution allows FSPs to optimise their portfolio and

business case for flexibility provision.

The Hungarian demo uses this scheme to support SOs, namely on the activation and to aveid cross
activations between assets participating in both DSO flexibility and the TSO aFRR market. The Hungarian scheme

indicates whether DSO activation is allowed, albdwed or allowed under certain conditions by the TSO.

Table522DSY SNA O RS & ONR LI A 2 y un¥ofm Ubdt Bitertaceés ONR ¢ a2 f dzi A

(3) Uniform User Interfaces

Generic description Barriersaddressed Demos

Establish user interfaces BOAG Lack of alignment in the pigualification process | Northern,
open to all FSPs ensurin Hungarian,

their unform access B13¢ No uniform access and registration process/platfo Cypriot, French

for assets willing to participate tibexibility markets
B17¢ Unavailability of adequate information allowing FS
to anticipate the value of their participation and hence n
being able to quantify their business case

¢CKA& aYl ONR ¢ & 2dbgaevetlyieniosito makelslireXhe i6 urSform access to the flexibility
platforms developed and to simplify the user journey. Hungarian, Cypriot and French demos have a flexibility
platform available for FSPs where they can submit offers for servicbe provided in different markets, the

latter deploying a blockchaibased solution for it.

To increase the information to the FSPs, the Northern demo has deployed a User Interface specifically to

map flexibility needs and provide an overview ofthecsb t SR a g Ke y20 NBFfAT SR (N} RSa
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6 Conclusion and recommendations for integrated and

coordinated markets

The OneNet project aims to design efficient, integrated, and scalable markets for DSOs and TSOs to procure
system services with seamless coordinati@ivieen all the players within and across countries. Based on our
analysis, we have identified the missing components needed to build integrated and fully coordinated markets
for the procurement of harmonised products. The conclusions and recommendatierngesented below per
main topic: drivers for integration & coordination, examination of markets, barriers and solutions to integrated

and coordinated market.
Drivers for coordination & integration

Integration and coordination of markets serves varioualgsuch as cost efficiency, maximization of welfare,

increased reliability, operational security and stability, ensuring sufficient market liquidity and competition.

The future power system and grid must be able to respond to all the drivers: skewetbutisin of
generation infeed across EU member countries, technical scarcities (stabilizing the grid, security of supply,
managing congestion), ensuring optimal use of flexibility with increased electrification afsmdtiemand and
addressing issues ofgial grid alienation. Coordinated and integrated markets are key to maximising the use
of existing infrastructure to enable secure, reliable, and @fitctive development of the future

transmission/distribution grid.

The purpose oflexibility coordination and integration is to make sure that the allocative efficiency of
flexibility used for different purposes is maximized and at the same time, flexibility trading by one market party

does not create negative effects for other marlrties.

Examination of markets

28 20aSNWS GKIFIG Y2ad 2F 9! Qa NBIdzZ Fi2NR yR fS3IAattl

markets are focussed on crebsrder capacity allocation, daghead, intraday and balancing markets, as these
segments are the most mature and liquid ones. EU legislation on congestion management markets is still in a
nascent stage, majorly focusing on crasmal congestions and making general provisions that congestion
management should be markbéiased whenever gssible. However, as more flexibility providers emerge,
especially at the distribution level, and as both market parties and system operators require more flexibilities to
manage volatilities from renewable energy sources, dofitpurpose legal and regatfory framework will be

needed to cover more markets and products.

One of the most immediate improvements that OneNet cluster countries can consider for the participation

of flexibility in balancing markets is harmonizing prequalification requirementsdtancing markets as well as
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considering expost verification of compliance of assets with technical requirements in correspondence with the

upcoming network code on demand response.

We also note that there are various developments ongoing at the Eurdpgehon electricity market design.
The Commission has published first electricity market reform proposal 6nMdrch 2023. Furthermore, the
upcoming network code on demand response is expected to remove barriers to flexibility to a large extent.
Thesenitiatives represent an opportunity for all OneNatster countries to actively participate and drive the

development of network code.

Across OneNet clusters we observed that a) there are no organized markets for CM and VC, but SOs use a
combination of echnical measures and other arrangements such as central redispatching or use of shunt
reactors etc. b) most of the time there is no remuneration for counter actions due to the emergency character
of the situation and c) most emerging markets for congestitanagement and voltage control are not linked
or integrated with the existing markets such as wholesale and balancing markets unless central dispatch model
is used. Thus, to enhance the efficiency of markets and exploit synergies when TSOs and D 8 ftemibidity,

coordinationandintegration between market processes and functions is essential.

Market integration and coordination in practise shows that market operators for emerging platforms for
flexibility are investigating ways to interlink or fitaite the exchange of standardized balancing/wholesale and
congestion management products, thereby increasing the number of market parties that effectively compete
either by simply increasing the size of the market or by encouraging-erdpsbetween négghbouring member
states. This can unlock new business cases that would not have been possible in a smaller market. Such measures
can be adopted by OneNet cluster countries wherever adequate. Other measures will require new or revised
designs based on thateractions between network levels, sequencing of markets and products traded. Finally,
it is important to implement solutions and methodologies that improve voltage control and congestion
management across borders via harmonized product definitions, comset of market rules, by trading closer
to reaktime delivery across borders, optimal bidding zones configurations where appropriate to better reflect

structural congestions.
Barriers and Solutions to integrated & coordinated markets

First of all, the mpping of the different barriers, solutions and demos shows that some identified barriers to
integrated and coordinated markets are not explicitly addressed in OneNet. These barriers are exclusivity clauses
and nonharmonised contracts, lack of incentivesthe regulatory mechanisms and the risk of gaming. On the
other hand, some barriers are addressed by a majority of the demos, i.e., the barriers related to efficient market
access. The survey indicates that these demos are addressing barriers relatedisiop of uniform access and
registration process/platform for assets, ensuring appropriate baseline methodology and process established
for low voltage (LV) flexibility. A number of dermwm/e developed a flexibility register that is capable to solve

multiple barriers at the same time.
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Overall, it is acknowledged that creating suitable and harmonised product definitions festandardised
trading products would facilitate participation of small actors in national and local markets and also further
improve crossborder trade, hence contributing to building integrated and coordinated markets. It is also
acknowledged that a strong cooperation between TSOs and DSOs can lead to an effective and mutually

beneficial results and technical solutions for the was services, ensuring efficient operation.

The solutions mapping itself showed a balanced split between the categories of solutions implemented by
the OneNet demonstrators: market processes, technical solutions for SOs and market access, with a slightly
increased manifestation for market access solutions. Some regional differences were identified between the
category of solutions adopted, namely, technical solutions for SOs are more prominent in the Western and
Southern clusters, possibly related to thet ynitial stage of development of flexibility markets in these countries.

On the other hand, the categories regarding market processes and market access were strongly addressed under
the Northern and Eastern demos, also depending on the level of patiimipaf FSPs and final consumers
participating directly in the demonstrators, which allow for these areas to be best targeted, especially regarding

market access component.

A big variability was identified between the solutions identified for each banmih different approaches
being implemented throughout the demos. Nonetheless, some more recurrent solutions were identified,
namely fitting in the market processes and market access categories, such as the use of harmonised products
and baselining methaglunder the market processes, or the adoption of uniform user interfaces and flexibility
registers under the market access category. Despite being recurrent to the demos, these solutions are not fully
harmonised, as some specifications are of course depenfiiom the country of the demo and the demo itself,
majorly depending on network topology, digital and infrastructure maturity, level of implementation of flexibility
markets, among others. Thus, technical solutions appear to be the most varied amordenies, also

portraying the different realities and priorities among the system operators present.

Finally, we can compare the demo solutions with the provisions of the framework guidelines on demand
response (FGDIY]. The main aim dfFGDR and the ensuing harmonised rules regarding demand response is to
ensure access to all electricity markets for all resources providers. This aim is one of the key objectives of market
AYGSaINI GA2y GKIG 6SNB RSTAYSR Ay (KAa RStEAGSNIOGESIT yI
technologies. Havingaid this, harmonisation of national features as a part of EU regulatory framework must
also be weighed against the potential increase of consumer costs as well as real consumer value at national level.
¢tKS CD5wQ&a T20dza A-auRlifidaivreaydbeét dut mRinciflés Nggdirengents, adtlfBocesses to
simplify the process as much as possible. Unlocking harmonised or standardised products on national level in a
reliable way may require additional and different prequalification requirements memty based on the
technical requirements of those markets. Several of the solutions implemented by the demos are designed to
simplify the process, e.g., by use of a flexibility register. Another point of focus of the FGDR is baselining and

measurement. /&0 here, we see that a number of solutions are provided by the demos following the FGDR
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principles of technologyeutrality, ease, transparency and accuracy. Finally, another focus of the FGDR is the
data exchange in the planning or operation phase. Ehéspecially true when integration of constraints of the
distribution network in grid security analysis and the eefective utilization of appropriate resources for
system services requires the timely retrieval and processing of data across difteverdting systems. We
observe that data exchange related aspects are also addressed by demos. More specifically, some demos are
centralising all applications and pemialification processes, and are guaranteeing a coordinated access to
available resourcesn optimal selection and activation of available resources and a joint services management
through flexibility registers, coordination platforms, or other solutions. These principles are also put forward by
the FGDR. Hence, the demos are, to a certaiergxtalready developing solutions that are in line with the

principles and guidelines proposed in the FGDR.
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Annex A A summary of market design parameters for Ancillary Services

Thesummarybelowwas captured in the ENTSOANcIllary Services Survey 2020 and ACER Market Monitoring Report 2020. The recast Electricity Regulation mandates
the balancing energy settlements for balancing products to be based on marginal prieas@agred). Howeverhe ENTSE survey in 2020 indicates pagbid was still
the dominant pricing method especially for mFRR and aFRR in various member(8BME Surveypome of the national balancing markets' major design characteristics

may skew wholesale pricing signals, thus raising the cost of providing flexibility.

Table A1l: Simmary of market design parameteiiar Balancing Markets

Market design features o European target FCRParameter away MS aFRR Paramete mFRR Paramete
balancing market from European away from Europea away from Europea
target model target model target model
Minimum delivery period  5min  (MFRR] NA NA NA NA Longer than 4 hours None
15, 30 or 60min 4 hours None
(RR)

120 min (twice a day) None
90 min (twice a day) None

60 min PT, ES, NL
Maximum delivery period = 15, 30 or 60min NA NA NA NA Longer than 4 hours = SI, FI, SK
(RR) 4 hours AT, DE

120 min (twice a day) FR
90 min (twice a day) None

60 min DK, EE, ES, IT, |
LV, NO, PT, RO,
Minimum capacity for <=1MW X > 10MW RO X > 10MW RO X > 10MW Ccz, NL
prequalification 5MW <x<= 10MW  IT 5EMW <x<= 10MW  CZ, HU, IT,NO 5MW <x<= 10MW  FR, HU, IT, NC
RO, SE
Copyright 203 OneNet Pagell4d

CKAE LINR2SOG KFa NBOSAOGSR TdzyRAY3I FNBY (GKS 9daNRLISIY ! yA2yQa | 2NAT 2y HAHnN
research and innovation programme under grant agreement No 957739



Minimum  bid
balancing energy

Minimum  bid
balancing capacity

Aggregation of load

size

size

for <=1MW

for <=1MW

Allowed/Eligible

Validity period of balancing 15min

energy bids

Procurement lead time

Length of
capacity contracts

Symmetric
capacity products

Copyright 203 OneNet
LINE 2SO

¢ KA A

1 day

balancing 1 day

balancing of Asymmetrical

Kl a

IMW <x <= 5MW
X > 10MW

5MW <x<= 10MW
1MW <x <= 5MW

X > 10MW
SMW <x<= 10MW
1MW <x <= 5MW

Not eligible/Not
allowed
NA

LI (100% of balancing capaci
was procured yearahead), Sk
(97% yeaiahead), Sl (52% yea
ahead and 11% monthhead),
HR (92% yeamhead), CZ (729
yearahead), HU (88% montt

ahead)
1 year or more

1month or more
Symmetrical

cz

None
None
None

None
None

IMW <x <= 5MW
X > 10MW

5MW <x<= 10MW
1MW <x <= 5MW

x> 10MW
5MW <x<= 10MW

BG, CZ 1MW <x <=5MW

RO

NI ™

1 Nk
Fl, SI, SE 1MW <x <= 5MW
None X > 10MW
RO 5MW <x<= 10MW
AT,BG, CZ, SK 1MW <x <= 5MW
None X > 10MW
RO 5MW <x<= 10MW

AT, BG, CE|, SK, 1MW <x <= 5MW
SE

BE, CY, CZ, GR, LU, MT, PL, PT (only pilot projects), RO, SE, SK

NA

ES, SI

BG

All
countries
except
GR, IE

NBEOSAGSR TFTdzy RAy3a FTNRY
research and innovation programme under grant agreement No 957739

4 hours
1 hour

30 min

AT, DE 4 hours

BG, CZ, ES, H 1 hour
HU, IT, PL, SI, Sk

FR, GR 30 min

DK, FI, SK

None

NO, FR

BG, CZ, DK, FI, H
RO, SK

NL

FR, SE

BG, CZ, DK, FI, H
RO, SI, SK

AT, DE

BG, CZ, DK, E
ES, FI, HR, HU, |
LT, LV, NO, P
RO, SE, SI, SK
FR

LI (100% of balancing capacity was procured-ae@ad), SK (97% yeahnead), Sl (529
yearahead and 11% monthhead),HR (92% yeaahead), CZ (72% yeahead), HU

(88% montkahead)

1 year or more
1month or more
Symmetrical

iKS 9dzNB LIS Y

HR 1 year or more
BG, DK, SI 1month or more
DK, PL, RO Symmetrical

''YA2YQ&A | 2NAT 2y HAHAN

HR, LV, LT
DK, SI
None
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NI ™

I Vb=
Settlement rule- balancing Marginal Pricing Regulated FR,IT Regulated Cz, DK, FR Regulated None
energy market Payasbid SE Payasbid AT, BE, DE, HI Payasbid AT, BE,CZ,DE, F
HU, IT, SI, SK HR, HU, IT, SI, S
Hybrid IE Hybrid GR Hybrid IE
Settlement rule- balancing Marginal Pricing Regulated PL Regulated FR, PL Regulated None
capacity market Payasbid BG, CZ Payasbid AT, BE, BG, C Payasbid AT, BG, Cz, D
GR, HU, DE, DK, FI, Gl GR, HR, HU, L
SE, Sl, St HR, HU, NL, SE, ! NL, SE, SI, SK
SK
Hybrid None Hybrid None Hybrid None
Activation rule Merit Order Prorata NA Prorata BG, CZ, DK, ES, Prorata None
FR, GR, HR, I
NO, PT, SE
Balancing energy price Not Predetermined IE, SK Predetermined SK Predetermined IE, SK
predetermined in balancing predetermined
capacity contracts
Non-contracted balancing Allowed NA NA Not allowed AT, BG, CZ, DI Not allowed AT, BG, CzZ, E
energybids ES, FI, GR, H PT, RO, SK
NO, PL, PT, R(
SE, SK
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Annex B Summary of consultation moment with demos

Aspart of Task3.4, several dedicated moments during the OneNet project duration are scheduled to align
the results from WP3 with the results from the demo clusters. These consultation moments would allow the
demo clusters to adapt their approach in case deemes#ful, or vice versa, to challenge thask 3.2

recommendations with results from the field.
The joint Bsk3.2-Task3.4 consultation moment was organized in two parts:

1 Task3.2 presents list of theoretical barriers to the demo clusemd asks for inpti(ex-ante, live and/or
ex-post)

1 The demo clusters present based on guidancedsk3.2-Task3.4

In the first part ofthe presentation the following questions were asked to participating audiences

representing all demo countries.

1  Which OneNet demo cluster are you participating in?
1 Which country within the demo cluster do you belong to?

1 Can you think of any other barriers related to markeegration that are missing from our list?

Southern
10%
Other (horizontal work

packages) Northern
12% 32%

Western
27%

Figure B1: Question on demo cluster participation

A total of 35 respondents from various demo clusters participated in the survey.
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Which country within the demo cluster do you

belong to?

e Portugal e Slovenian
¢ Finland e Finland
e Portugal e Portugal
* Greece * France
= Hungary = Cyprus
* Portugal * Slovenia
e Poland e Spanish
* France * Greece
e Cyprus * Spain

* Estonia * Finland
e Czech republic e Hungary
* Spain * Estonia
e Hungary e Austria

slido

Figure B2: Survey on participation from countries within the clusters
As a part ofthe first consultation moment with demos, an analysis ore trelevance of each of the 21
theoretical barriers for all countries within the demo clusters was conducted. The relevance for each barrier was
YSI adzZNBER F2NJ Fff O2dzy iNASA gAGKAY (GKS RSY2 OfRiiGSNI 2y
into consideration as shown in the simple matrifigure B30 St 26 ® hy GKS K2NAT 2y G+t | EA
the frequency as well as the probability of§h 6 F NNASNJ YIF G SNAFf AT Ay3d hy G(KS @S

severity of the barrier.

Somewhat relevant Very relevant
(>0.9 and <1.8) = (>2.7) =
High impact and low High impact and high
likelihood likelihood
Transfer the barrier Terminate the barrier
Impact
Not relevant Relevant
(<0.9) = (>1.8and < 2.7) =
Low impact and low Low impact and high
likelihood likelihood
Tolerate the barrier Treat the barrier
Likelihood
Figure B3 Relevance Matxifor barriers
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The relevance of each barrier was scored on a weighted average basis for each of #greregishs.

1 Not relevant: indicates low impact and low likelihood of barrier to occur and thus barrier can be
tolerated.

1 Somewhat relevant: indicates high impact and low likelihood of barrier to occur and thus the effective
management of barrier could ba#elegated to another party.

1 Relevant: indicates low impact and high likelihood of barrier and thus responding party is certain to act
on treating the barrier.

1 Very relevant: indicates high impact and high likelihood of barrier and thus barrging to have

significant impact on the business or operation and so it should be terminated.
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Figure B4 belowoutlines relevance of Market coordination related barriers across various clusters.

b2 NIl KSNJt I/ NM#ESNEINI NSt | G SR

> & x it & X S A S A -
 22NRAY o2y SauSNY/HNIGAUSSNE NI fFdSR

| 22 NRAY a2y
1z pa M {20

0z HA A cinA yia M {20
e e 0) 3 & e 2 a o “ = . SEEae -
trO1 27 02YYdzy A OXal2nalSliigls S y md h a ﬁmmfl,m 27 02 YYdy A OX SENEEES (665 yINEhEEYE o

tFO01 2F O22NRAYIXai@§l 0SS 6885y Y| NIWSHEL Han (101 2F 022 NRAYIXe e .
thol 2% O022NRAYX WP M gy 01 2F O22NRAY Xo@¥aloSissS Sy Y N) Siggy v
AYLXE SYSyill o2y 2K ioMRIEEZING | NR Ay 3 | MRy vo v

AYLE SYSyll o2y 2% AREEEING | NRA Y 3 HERE o |
YAGAaAYd dzy A DZNIGEEING Y OA LBS & 2 Y adian V9 d YAaaAy3 doyAPe 0 A L § & : .
Enth2i NBWRAWRYEsKI G BivSO8 gubwiS NE NB ¢ . R

Enh2( NBUGORYS oKl (. JBWSOS @ibEiS NE N5t

[ c2drt O2dyd 27 b2 NIKSNY Pt dzé%T%NJué'a‘zNﬁ%el—gﬁTﬁ(?-;?;&y& H&ZPZU;SSM.;HO*

{ 2dz0 KSNIfL I/ NN S SIWI NSt G SR 9 a0 SN I NIVA GSBJ NBITGSR
' 22NRAY Il a2y | 22 NRAY Il a2y

ir WA WA GA YA M i wp o owp A yia o M

trO1 2F O2YYdzy A OKmu2WeeoiSii 6 S 8y  { ELBVEN wafi |1 01 2F 02 YYdzy A OK Jl2uallolSiaesiSh  { h&n 2.y g: V@i

trol 2% O22NRAY ! oxijloISHNGESSNANNGINN S 6@  21Ywolot | 01 2F 022 NRAY IXai2ikElel s is S Sy Y NSEE o
fF01 27 O22NRAY| oXjlGSNNEIS Sy YL 81 Sid 2iyvo | 01 27 022 NRAY XolnMloISElaiss v o | NSEE o -
AYLE SYSyil o2y 2XiieRaumanGiaNRAGESMARE 0 Db v LX SYSy il o2y 2 K GEESENEE NG | NRA YIS v
YAdaAy3d dzy A PrNElcleNER OA bl S a M2WeIN He 1 YAZAAY3 doy A Pe NoEENGEEOR LS A . o
CHOb2l NEESFR2WEsKI 0 BivSHE PliofiSNE NS Entb 2 G NGB 0 R YE Ao & <

NBBRILI2 VESHLBE 2F 9 a0 SR

[ c2dart O2dya 27F [ 2dzi KSMNY D dza G SNI & dND S B

Figure B4 Market coordination related barriers across various clusters
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Figure B5 below outlines relevance of market architecture and operations related barriers across clusters.

Figure B5: Market architeture & operations related barriers across clusters
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