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Princess Elisabeth Island is an unparalleled project in Belgium - a first-of-its-kind artificial energy island
connecting offshore wind energy and serving as a landing point for interconnectors to other countries.
This report goes in the details of the challenges triggered by such project and will appeal to different pub-

lics.

Its main audience is considering developing offshore wind farms in the Princess Elisabeth Zone. The goal
is to provide them all the necessary information for efficient and fair participation in the tenders organized
and foreseen by the authorities end 2024. Many candidate developers were providing us with valuable
insights in the Task Force Princess Elisabeth Zone and ad-hoc workshops, organized during the last two
years. This report wraps up the work in a consistent package taking into account the feedbacks received
in the framework of the public consultation organized from the 20t of November 2023 to the 22t of Janu-
ary 2024. Elia will use this report as a basis in the elaboration of the technical requirements that will be

applied to the offshore wind parks preceding the first tender, scheduled for late 2024.

However, its relevance extends beyond developers to include other Transmission System Operators
(TSOs), project developers, industry associations, regulators, and policymakers. It builds on the
knowledge developed in the last years around offshore developments, through reports from ENTSO-E,
European Commission and other projects, but it goes significantly deeper as it looks at the practicalities
of an actual project, which triggers new questions. By all standards this is a technical report: no nice pic-
ture, but deep expert content. The expertise is at the cross-roads of different fields — some parts may ap-
peal more than others depending on the individual background and interest. Concretely, it contains four

main parts:

Connection Requirements: Relating mostly to infrastructure work, explaining the design of the
artificial energy island and how wind farms will connect to it;

Dynamic and Harmonic: Addressing challenges related to managing large amount of power
electronics, looking at the evolving nature of the system, and emphasizing the need for new col-
laborative approach in the detailed design of the assets;

Market Design: Focusing on the implications of hybrids interconnectors, and on the offshore bid-
ding zone and its implications for wind parks, with special attention and new insights regarding
advanced hybrid coupling and the issues raised with explicit coupling when considering hybrid
assets with Great-Britain;

Balancing: Examining the exceptional challenges of integrating 5.8 GW of offshore wind in the
Belgian offshore North Sea and giving insights on the impact of the small Belgian system from a

balancing perspective. Proposing measures for scenarios where the market cannot resolve the
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situation. Looking into the load-frequency structure of the future Belgian system with the develop-

ment of an offshore bidding zone.

Elia has implemented changes and provided further clarification in response to feedback received from

the public consultation. The key changes can be summarized as follows:

1. Connection requirement: Elia clarifies the reference for Princess Elisabeth Island with the split node

operation and additional information on infrastructure considerations

2. Dynamic & Harmonic: Elia has clarified the capability required for voltage management, including
softening the needs for automatic switch control mode to manual control mode only following instruc-
tions from the Elia control center. The conformity process has been refined with clear conditions for
clients and clarified roles and responsibilities between Elia and the client, particularly in grid simula-

tion scenarios.

3. Market design: Elia provided a more clear and stable market design with the decision for the split-
node operation for the Princess Elisabeth Zone with two distinct nodes; one node with 2.1 GW off-
shore wind (lot 1 & lot 2) connected to the Belgian grid following a Home Market model, and another
with 1.4 GW offshore wind (lot 3) connected via a HVDC cable system, planned to be extended into a

hybrid system, following an Offshore Bidding Zone (OBZ) model if certain conditions are met.

4. Balancing design: the requirements related to high wind speed capabilities of wind turbines and
wind parks are softened and a monitoring will be implemented on the ramp rate limitation after com-
missioning of the wind parks. This allows to improve the design of the ramp rate limitation require-

ment if needed.

This foreword gives only a sneak preview of the topics. Each chapter starts with an executive summary
which gives a more comprehensive view on the content and the adaptation made to the initial proposal

following the public consultation.
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1. Introduction

1.1. Context

Belgium has currently connected up to 2261 MW of offshore wind capacity distributed across 9 state con-
cessions in the first zone of 238 kmz2 in the Belgian Exclusive Economic Zone. The construction of the first
offshore wind farms started in 2008 and ended in 2020 with the commissioning of the Northwester 2 off-

shore wind farm.

In 2021, the Belgian Government decided to further increase the offshore wind capacity by connecting
3.15 GW to 3.5 GW of additional offshore wind capacity by 2030!. A second zone of 285 km?2 in the Bel-
gian Exclusive Economic Zone and called Princess Elisabeth Zone (PEZ) was identified to install this ad-
ditional capacity and where the Council of Minister approved the development of offshore grid infrastruc-
ture that can transmit 3.5 GW. As answer to this new ambition to connect this additional offshore wind ca-
pacity to the Belgian coast, Elia will construct the Princess Elisabeth Island (PEI) in the Princess Elisa-
beth Zone. This worldwide first artificial energy island will play the role of electricity hub that will connect
the new offshore wind farm installed in the PEZ and will also serve as a landing point for interconnectors

with neighboring countries such as Great-Britain with Nautilus and Denmark with TritonLink.

First zone of offshore wind energy

Installed capacity: 2.3 GW

Princess
Elisabeth Zone

Princess Elisabeth

__» Zeebrugge
. o =
Wenduine R o

/ S
b [}
Ostende Bruges

Figure 1 : Location of the different phases of offshore development in the Belgian North Sea

! More info on website FPS Economy: https://economie.fgov.be/en/themes/energy/belgian-offshore-wind-energy
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Two tender phases are foreseen for the construction and the operation of the offshore wind in the Prin-

cess Elisabeth Zone?:

e Phase 1- Lot 1: a first tender is scheduled for Q4 2024 for 700 MW offshore wind capacity that will
be connected to an AC substation on the Princess Elisabeth Island and will be connected to shore
with the condition that the Ventilus project, a new high voltage corridor connecting the internal high

voltage backbone and the shore area, is ready.

e Phase 2-Lot 2 & 3: a second tender for a first lot of 1225 to 1400 MW offshore wind capacity the
Princess Elisabeth Island and a second lot of 1225 to 1400 MW. This capacity is foreseen to be con-
nected to the Belgian coastal area with the condition that Boucle du Hainaut, a reinforcement of the

internal Belgian high voltage backbone, is ready. The tender is foreseen to start Q4 2025.

This document is developed in the framework of the different tenders for the Princess Elisabeth Zone
based on all relevant aspects related to the Princess Elisabeth Island project, as presented and dis-
cussed in the Task Force Princess Elisabeth Zone (PEZ) and ad-hoc workshops held in 2022 and 2023
by Elia, and completed with the remarks received from the public consultation organized from the 20" of
November 2023 to the 22th of January 2024.

Elia organized a series of Task Force PEZ and ad-hoc workshops in 2022 and 2023 to engage with
stakeholders regarding the Princess Elisabeth Energy Island. All materials, such as agenda, presenta-

tions, and minutes of the meetings are available on the Elia website in the Task Force PEZ webpage?.

These stakeholder interactions were meant to actively engage with candidate developers and stakehold-
ers to ensure transparency, gather input, and address any concerns related to the Princess Elisabeth En-
ergy Island project. This collaborative approach can help in making informed decisions and ensuring the

project's success.

2 More info on FPS Economy website: https://economie.fgov.be/en/themes/energy/belgian-offshore-wind-energy

3 More info on Task Force PEZ webpage: https://www.elia.be/nl/users-group/task-force-princess-elisabeth-zone/meetings

12
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In this framework, Elia organized a public consultation on the topics addressed in the Task Force PEZ
and ad-workshops to consolidate the outcome of the exchanges with market parties and were consoli-

dated in a previous version of this report available on the Elia public consultation website 4.

The adaptations made on the previous version of this report are described in the Section 1.3 “Re-

sults of the public consultation” and Section 1.4 “Instructions for reading this document”.

This public consultation was a voluntary initiative by Elia and aims at receiving any comment from market

participants on the different topics presented in this document.

The consultation period was set from 20/11/2023 until 22/01/2024, as publicly announced on the Elia
website and discussed in the Task Force PEZ on October 19, 2023. This document covers the principal

topics as addressed in Task Force PEZ and ad-hoc workshop summarized as following:

1. Connection requirements: summary of technical aspects presented during Task Force and ad-
workshops;

2. Dynamic & Harmonic: clarifications of amendments in the technical specifications related to Dy-
namic & Harmonic phenomena that will be included for the offshore tender for the PEZ to be con-
sider in the design of the offshore wind farm;

3. Market design: justification of the target market design including the role of an offshore bidding
zone, the implications it has on the integration of offshore wind in wholesale markets, and an out-
look on the process (how, when) to formalize the offshore bidding zone;

4. Balancing design: analysis of the planned offshore developments on real time system operation
and balancing, the recommendation of mitigation measures to handle storm and ramping events,

and the implications for the offshore bidding zone on balancing market design.

Additional details on the content of these different topics are provided in Figure 2 below.

4 Elia Website: https://www.elia.be/en/public-consultation/20231120 public-consultation-task-force-princess-elisabeth-zone
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Figure 2 : Overview of topics addressed in the public consultation Task Force PEZ

The report aims to consolidate information from these discussions on the above topics and the feedback
of the public consultation based on feedback from stakeholders. It's worth noting that the content of this
consultation document has been discussed with market parties during the Task Force PEZ, and all rele-
vant material is available on the Task Force PEZ webpage. The goal is to ensure a well-informed deci-

sion-making process by involving and considering the perspectives of the different stakeholders.

For the connection requirement aspects, the primary aim of the consultation is to provide stakeholders
with an in-depth understanding of the project's key aspects to the stakeholders, technical details, and op-

erational considerations and identified potential additional information required for the tender.

Industry standards and the insights gained from the transmission network operator play a pivotal role in
ensuring that the project will be efficient and reflect the best practices and benchmarks established by ex-
perts in the field. The active involvement and input from the stakeholders via this public consultation will
align this project with these standards and practices, guaranteeing the delivery of a project that meets the

expectations.

14
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1.3. Results of the public consultation

This section provides an overview of the reactions received from the public consultation organized by Elia
from the 20th of November 2023 to the 22th of January 2024 on the topics addressed in the different
Task Force PEZ and ad-hoc workshops held in 2022-2024.

Elia has collected responses from 15 stakeholders, including 4 confidential. A summary of the feedback
per topic and stakeholder can be found in the table 1 below. More insights into the non-confidential ques-
tions and responses, as well as Elia's corresponding replies primarily referring to the revised sections of

the report, can be found in Appendix 6.3.

Furthermore, the non-confidential reactions are published and available on the Elia website where addi-

tional insight can be found such that position letter from stakeholders.

Connection Dynamic & Market Balancing
Stakeholders
requirement Harmonic design design

Belgian Offshore Plateform

NSOR

(consortium EDF Renewables, Luminus and Jan De Nul) X X X X
Next Kraftwerke X X
Otary X X X X
STORM X X X X
FEBEG X X X
FEBELIEC X X X X
National Grid Venture X X X
Port of Antwerp X

SeaCoop X X X
Independant X

Table 1: Overview of non-confidential reactions to the public consultation Task Force PEZ per topic

Elia has revised the earlier version of this document that was submitted for public consultation (additional
details can be found on Elia's public consultation website). To make it easier for readers to identify these
modifications, changes have been emphasized with italic text and marked with an orange tracker to the
left of each paragraph. This formatting assists in pinpointing the altered sections referred to in Elia's re-

sponses to questions and remarks received from stakeholders, as detailed in Appendix 6.3.
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This document summarizes the topics communicated in the different Task Force PEZ/ad-hoc workshops
organized by Elia in 2022-23 and the updates following the public consultation to be taken into account by
the candidates developers for the tenders Princess Elisabeth Zone held late 2024 by the Belgian Authori-

ties.

As foreseen in the Belgian Law (see Royal Decree in Info box below), Elia pro-actively shared the rele-
vant information to the stakeholders through these different sessions organized in 2022-23 and formaliz-
ing these communications with the public consultation with the 4 main chapters : Connection requirement,
Dynamic & Harmonic, Market Design and Balancing Design. Each chapter starts with an executive sum-

mary which gives a more comprehensive view on the content.

Among other considerations, this report highlights the key technical requirements foreseen for these ten-
ders PEZ, that will be submitted by Elia end Q3 to the Belgian authorities, and are ventilated mainly in the
Section 2 for the connection requirements considerations, in Section 3 for the additional and clarifications
of technical requirements triggered by Dynamic & Harmonics phenomena (power system stability) and
finally the capabilities identified on the mitigation measures for balancing purposes (Section 5.9) to be

taken into account in the design of the offshore wind farms.

Some aspects that have been discussed and concluded during the different Task Force meetings
have led to decisions already made by Eliato ensure a timely delivery of the infrastructure. They

are included in this report to give a comprehensive view and highlight the key considerations to be taken
account in the design and business case evaluation, but they are not anymore open for adaptations. The
aspects already decided are highlighted through the report and concerns mainly the connection require-

ments section.

Elia highlighted through the report the adaptations made following the public consultation based on re-
marks from the stakeholders and last information available today in preparation of the tenders for the
Princess Elisabeth Zone. In addition to this finalized report, Elia published the reactions of the market par-
ties (including names) on the website, unless it was explicitly stated that the contribution is to be consid-
ered confidential.

16
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®

Royal Decree (RD) on technical regulations for the management of the electricity trans-
mission network and access to it

AIA Section 3 - Article 124 (FR)

Link: http://www.ejus-
tice.just.fgov.be/eli/arete/2019/04/22/2019012009/justel

[...] Sile gestionnaire de réseau de
transport constate un besoin pour le
réseau de transport et justifie que
ce besoin nécessite I'application
d'une exigence technique pour un
futur parc non-synchrone de géné-
rateurs en mer dont le ou les points
de raccordement se trouve(nt) en
mer, et compte tenu de l'impact que
peut avoir cette exigence technique
sur ledit parc non-synchrone de gé-
nérateurs en mer, le gestionnaire de
réseau de transport doit communi-
quer les besoins et la justification de
l'application de I'exigence technique
audit parc non-synchrone de géné-
rateurs en mer suffisamment en
avance dans la procédure de rac-
cordement. Cette communication
peut également prendre la forme
d'une consultation publique lors-
gue cette exigence technique est
susceptible d'étre appliquée a
plusieurs parcs non-synchrones

de générateurs en mer./[...]

AIA Section 3 - Article 124 (NL)

Link: http://www.ejustice.just.fgov.be/cgi_loi/change_lg.pl?lan-
uage=nl&la=N&cn=2019042202&table_name=wet

[...] Indien de transmissienetbeheer-
der een nood voor het net vaststelt
en aantoont dat deze nood de toe-
passing van een technische vereiste
voor een toekomstig offshore power
park module noodzaakt waarvan het
(de) aansluitingspunt(en) op zee ligt
(liggen), en rekening houdend met
de impact deze technische eis kan
hebben op deze offshore power
park modules, moet de transmissie-
netbeheerder deze noden en de
motivering voor de toepassing van
deze technische eis op deze off-
shore power park modules vol-
doende op voorhand in de aanslui-
tingsprocedure communiceren.
Deze communicatie kan ook de
vorm aannemen van een publieke
consultatie wanneer deze techni-
sche eis van toepassing kan zijn
voor meerdere offshore power

park modules.[...]

AF Section 3 - Article 124 (EN¥)

*Translation based on FR/NL version

[...] If the transmission system op-
erator notes a need for the trans-
mission system and justifies that
this need requires the application of
a technical requirement for a future
non-synchronous fleet of offshore
generators whose point(s) of con-
nection is(are) at sea, and taking
into account the impact that this
technical requirement may have on
said non-synchronous fleet of gen-
erators at sea, the transmission
network manager must communi-
cate the needs and the justification
for the application of the technical
requirement to said non-synchro-
nous offshore generator park suffi-
ciently in advance of the connec-
tion procedure. This communica-
tion can also take the form of a
public consultation when this
technical requirement is likely to
be applied to several non-syn-

chronous offshore generator
parks.[...]

1.5. Legal and regulatory framework

The legal framework that applies for the Princess Elisabeth Zone is the continuity of what applies today

for the existing MOG | wind farms slightly adapted with respect to an island configuration. The connection

process itself is different, the connection is not allocated based on a single request from a known or new

Grid User but via a tendering process. The public tendering process put forward by the authorities slightly

changes the current process but aims at ensuring the best financial conditions for the end consumer.
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In this context, Elia as Transmission System Operator (TSO) is legally mandated for defining the technical
requirements and offshore specific guidelines. The purpose of this document is to detail the current inten-
tion of Elia regarding the requirements. Additionally, the reasoning behind those requirements is ex-
plained where necessary. This section will give an overview and a brief explanation of the contractual

framework in order to clarify the role and purpose of each document.

Each selected wind farm developer will have to sign or comply with multiples contracts, guidelines and
technical codes as summarized in the Figure 3.

’ Elia Connection Contract
@ Regulated
o Contractual } Elia Access Contract
\
Il Y
H ﬂ": Offshore specific E } Proximity & Crossings Agreements
P
o Non Contractual & Industry standard } Marine & Island Coordination
European Q } EU Network Codes
e Grid Code
Belgium ‘ ' S Federal Grid Code
e
i
N BRP related : [ OPA/SA contract
I !
i \
! i
i % Via Tender E } VSP contract
! 1

Figure 3 : Overview of the broader legal framework

As illustrated, distinctions are made between contractual & non-contractual documents next to the Grid
Codes that apply for all power plants specifically based on their technical specifications (type, voltage &
installed capacity) and finally a fourth group called ‘Other’. This last group covers both the OPA/SA and
VSP contract. The OPA/SA contract is required for production units as of a certain threshold and is the
responsibility of the Balancing Responsible Party (BRP). The VSP contract falls under a specific tender-
ing process which will most likely evolve over time. Technical requirements to be able to deliver this ser-
vice are covered by the conformity process, all other financial & practical aspects are available online and
discussed through public consultations. Both contracts will not be further detailed in this report, but
awareness has been raised in order to ensure the completeness of this report. Below a timeline that illus-

trates the legal framework over time followed by a deep dive per category.

An overview of the different parts (non-exhaustive list) related to the Princess Elisabeth Zone tender is
described in Appendix 4.
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Figure 4 : The legal framework over time

1.5.1. Connection contract

A regular connection contract such as available on the Elia website will be used for the tender PEZ. The
connection contract indicates the physical location (connection point) where the facility is connected to

the Elia grid and the access point where energy is injected into or taken from the grid.

Connection contracts govern the contractual rights and obligations of both Elia and the Grid User in rela-
tion to, among other matters, rights of use, ownership, technical requirements, operation of connection
facilities, etc. Note that the body of this contract is subject to amendments within the regulatory framework
in place. Meaning that all existing or new Grid User are subject to similar contract changes. Each Grid
User is strongly advised to take part to the public consultations organized by Elia to share its views and
making sure to be aware of the upcoming evolutions of the contract. The CREG plays a major role in
challenging proposition and making sure, they are in line with overall society interests. In this context, it
should be mentioned that a consultation specifically on the connection contract is being organized and
the outcome could slightly affect the structure of this contract. The timing of the connection contract con-
sultation can be found on the Elia user group web page. It is warmly recommended to take part to this
consultation in order to be aware of the latest amendments.

Focusing on the current version of the contract, next to the body, the contract is made of twelve appen-
dices that will be filled based on the specifications of the offshore connection (from High Voltage Equip-
ment up to grid requirements and access to installations). The appendix 12 is Offshore specific, stating
the rights of access to offshore installation when the proximity agreement is not covering the scope under

a specific installation works. As a general comment, all the requirements that will be found in the tender
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connection requirements will be translated in the appendixes of the connection contract. The content of
the appendices may be subject to modification during the lifetime of the park, but only for technical and
structural related aspects linked to the wind farm (change in offtake power, type of turbine, cable,...).
Note that these should fully reflect the wind farm connection as built. With regards to the references made
to regulations, these apply to all Grid Users and may, if necessary, be revised, but only via the public con-
sultation and approval process organized around the evolution of the connection contract. The tender
package will include all technical requirements, relevant studies, technical information & requirements

(EU/BE Codes) related to the connection & the installed production units/turbines.

As shown on the timeline above, the connection contract will be automatically assigned and de facto
signed by the winning bidder. As of that moment, the appendix 8 of the signed connection contract will
refer to the connection requirements communicated for the tender. Those requirements will then be con-
tractual, with other words, the wind farm is expected to follow and apply those requirements in the context
of the PEZ project. Once fully connected, all contractual appendixes will be fulfilled based on the connec-
tion requirements communicated for the tender and where needed some amendments based on what is

actually installed (infrastructure, metering information, etc.) to match with the reality on field.

The connection contract also stipulates the different interfaces, which are further illustrated on the follow-
ing figure and explained in the information box below. Typically, each wind farm will have multiple con-

nection points.

Figure 5 illustrates a schematic view of the connection of a wind farm to the PEZ installations, where the
wind farm will be connected physically to different position of the busbar 66kV, different connection
points, but on a single access point grouping all the connection point. It's also worth noting that the meter-
ing will be done at the connection bay and the total injected and/or consumed energy will be the sum of
all meters connected separately on each 66kV bay. Even if there would be a discontinuity between bus-
bar via a longitudinal coupling leading or not to another physical location of the installation (i.e. another

GIS room), the total measured value will group the metering of all meters.
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Metering = ¥,

Figure 5 : Connection made of multiples connection points

@ Existing interface points for a connection field

The different interfaces for a connection can be summarized into 3 main categories:

Connection Point: The physical location and the voltage level of the point
where the Connection is connected with the Elia Grid (in Figure 6, it is lo-
cated between on the busbar 66kV right after the busbar disconnector)
and that separates the facilities for which the disconnection has only con-

sequences for the Grid user connected to that point;

Access Point: An Injection and/or Off-take Point; the Access Point is de-
termined in Appendix 1 of the connection contract. As shown on the Fig-
ure 5 below, multiple connection points can Inject and/or Offtake at the
same Access Point level.

Point of Interface: The physical location (in this case the cable head ter-
mination at the first wind turbine) and the voltage level (66kV) of the point
where the grid user facilities (wind farm / first wind turbine) are connected
to the Elia connection (by Elia connection it is understood, the Elia high
voltage bay on the island and the wind farm cable making the link between
the island and the first wind turbine. This cable belongs to the connection
because Elia is in charge of protecting it). This point is located on the site

of the grid user and in any case after the first Elia connection bay.

Island o=

:
wid | &

Farm

Figure 6 : Different interfaces

for a single connection field
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The signature of the access contract gives access to the grid. This contract governs the rights and obliga-
tions in force regarding use of the Elia grid. It applies to all access points to which the access holder has
been granted access and which are recorded in the register of access points. The access contract will
only come into force once a bank guarantee has been submitted by the access holder. The access con-
tract between Elia and an access holder may be signed by either the grid user themselves or by a third
party (e.g. supplier or BRP) appointed by the grid user to this end. This signatory is known as the access
holder. The access contract governs the access rights and obligations of both Elia and the customer (or a
third party appointed by the latter) concerning the fees for using the Elia grid (access tariffs). For the du-
ration of the contract, the access holder is entitled, among others, under strict regulations, to add or re-
move access points to the contract, change supplier, change BRP, or appoint multiple BRP per access

point. The access holder has also the access to all metering points of the access point.

This Agreement governs the procedures, conditions and liability relating to the proximity activities & cable
crossings. In order to allow the cable owner to exercise the proximity activities, Elia grants to the cable
owner a non-exclusive right of access to the Elia Domain Concession and the Island, under the terms of
the Proximity Agreement. Subject to Elia's prior written consent, the Cable Owner is prohibited from enter-
ing the Elia Domain Concession or exercising the Access Right in any manner other than as provided under
this Agreement. This agreement is not regulated but refers to industry common best practices and might

evolve over time.

One single agreement file per cable owner will group all different agreements (crossings & proximity) that
could arise between both the cable owner and Elia in the context of the Princess Elisabeth Zone and Prin-
cess Elisabeth Energy Island. Notice that the same agreement specifications (cap, conditions, etc) will
apply for all signed Proximity Agreements. A draft version of this Proximity Agreement will be made avail-

able by the 10" of September 2024 (will be published on the same location as for the public consultation).

As further detailed under Section 2.10, Elia is responsible of the Marine and Island Coordinator (MIC) for
the Princess Elisabeth Zone. This Coordination is not contractual but evolves over time by matching with
industry standards. Different parties can be involved within the Marine and Island Coordination Construc-
tion Contractors (Island, AC/DC, Cables), Elia O&M (Operations and Maintenance) and Windfarm own-

ers. As referred in the appendix 12 of the connection contract, when SIMOPS (Simultaneous Operations)

are taking place, the MIC will apply to ensure proper coordination between parties involved.
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Both European and Federal Regulation apply for offshore grid connections. The EU Network codes are a
set of rules drafted by ENTSO-E, with guidance from the Agency for the Cooperation of Energy Regula-
tors (ACER), to facilitate the harmonization, integration and efficiency of the European electricity market.

On the other hand, the Federal Grid Code is the official code applying for connections at the federal level
in Belgium. As further detailed under chapter 3. Dynamic & Harmonic, the conformity process will make
sure those rules are followed. Along the project, based upon tests, models, studies and other evidences
different certificates (Energization Operation Notification - EON, Intermediate Operation Notification - ION,

Final Operation Notification - FON) will be delivered up to the final energization.

Any later major change in infrastructure or technology along the lifetime of the wind farm could require to
re-launch a conformity process, for which a specific certificate applies the Limited Operation Notification
(LON).

This major change is also called "substantial modernization” in the new Federal Technical Regulations in
force since 22 April 2019.The installed wind farm infrastructure (turbine, protections, technical capabili-
ties,..) have to be compliant with the technical requirements coming from the tender and the technical grid

code at the time of the award of the tender.
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The connection requirements describe the key technical aspects to facilitate the connection of offshore
wind farm (OWF) to the electrical grid by taking into account the current industry best practices from off-
shore wind manufacturers as well as Transmission System Operator (TSO) perspective to ensure a safe,

efficient and reliable operation.

This chapter summarizes the key aspects to be considered in the design of OWF in the Princess Elisabeth
Zone (PEZ) that will be connected to the Princess Elisabeth Island (PEI): the grid design, grid infrastructure,
phasing of the work on the island, the island concept, the cable routing and pull-in on the island, the high
voltage and secondary systems, and finally all aspects related to marine/works coordination and operations

& maintenance.

As Elia needed to progress the project to ensure a timely delivery of the infrastructure, some of these key
aspects such as the grid design, the grid connection and island concept are already fixed and cannot be
adapted but are shared in the framework of this public consultation to provide the necessary information

and transparency to market players for the preparation of the Princess Elisabeth Zone tenders.

The Princess Elisabeth Island is the answer to the Belgian ambition to connect between 3,15 and 3.5 GW
of additional offshore wind farms in the Belgian part of the North Sea, in a new zone called ‘Princess Elis-
abeth Zone’. This energy island will combine alternative current (AC) and High Voltage Direct Current
(HVDC) technologies to tackle both the need to integrate these up to 3.5 GW of offshore wind and the

need to access RES produced somewhere else in the North Sea.

The energy island is constructed out of concrete caissons in which J-tubes will be foreseen that will allow
the pull-in of inter-array cables. On top of the energy island 4 AC substations will be constructed, which
contain the 66kV bays to which the OWF will connect. In total 40 bays will be available for 3.5 GW of wind

power, as well as 5 spare bays to guarantee flexibility in windfarm design.

To facilitate cable routing on the energy island concrete cable culverts will be installed. Around the energy
island the offshore cable routing has been divided into dedicated cable corridors per windfarm. These ca-
ble corridors are designed to limit offshore crossings and maximize the available space per windfarm.
Inside the AC substations Elia will provide an OWF room to allow installation of interface- and wind farm
cubicles. The protections per inter-array cable will be provided by Elia, which can be used by the OWF

and in such a case the settings need to be aligned between parties.
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Elia confirms that the Princess Elisabeth Island will be operated split node operation given the uncertain-
ties on the technical feasibility of the single node operation and low willingness from market parties based
on feedback collected during the consultation. This split node operation means that:

1) One node with 2.1 GW offshore wind (PEZ lot 1 & 2) is radially connected to the Belgian grid via
6 AC cables;

2) One node with 1.4 GW offshore wind (PEZ lot 3) is connected to the Belgian grid via a HVDC ca-
ble system. This HVYDC system is planned to be extended into a hybrid system, in combination
with Nautilus interconnecting the PEI with the UK.

Moreover, redundancy for long term outages is also included in the reference operating mode for Prin-
cess Elisabeth Island with possibility of switching of offshore wind park from AC to DC and inversely. This
implies that the technical capability must be developed to ensure that the wind parks can operate in both
setups, irrespectively of the lot in which they are located. Scenarios will be developed to avoid any impact

for market set-up and risks are covered by the Royal Decree on liabilities.

With the decision of the split node operation, Elia will not initiate this evolution before termination of the
support scheme period of the Belgian OWF as defined in the Royal Decree Tender, which at the time of
writing is set to 20 years. This does not preclude the market set-up could evolve over time as per the ap-
plication of the policy/regulatory framework to make efficient use of capacities, however the latter ‘risk’
(seen from an investor point-of-view) is inherently present for any investment decision both onshore as

well as offshore.

Finally, this report contains additional information in response to questions received during the public con-
sultation. The creation of an interface matrix has now clarified roles and responsibilities, which will be in-
corporated into the tender documents. Moreover, more explicit information regarding relevant studies and

the interfaces for the island, high voltage, and low voltage have been integrated in this report.
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2.2. Introduction

The connection requirements for offshore wind farms ensure the successful integration of wind energy
into the electrical grid while maintaining grid stability and grid reliability. These requirements include tech-
nical, regulatory and safety considerations, as well as insights on grid design, infrastructure, and opera-
tions. The following chapters cover different aspects related to the connection requirement and are sum-

marized in Figure 7.
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Figure 7 : Overview connection requirement topics

The section on grid design focuses on the configuration of the electrical grid to optimize the energy trans-
mission from the offshore wind farm to the onshore grid. The grid infrastructure section covers the equip-
ment on the Island necessary for a reliable transmission of energy and includes high voltage systems,
such as transformers, switch gear and cable systems, described in Section 2.8, such as control and moni-

toring systems, low voltage protections and communication networks are described in Section 2.9.

The high-level schedule and phasing of works outline the systematic approach to project execution, from
tender to design, construction, installation and commissioning. Section 2.6 covers the relevant infor-

mation about the island layout and the infrastructure installed on the island.

The concept and the requirements of marine and works coordination are described in Section 2.10 “Ma-
rine and works coordination”. The goal of Marine and Island Coordination is to minimize the probability of
an incident during the construction, installation, operations and maintenance. To meet this goal and to
optimize the construction time, the Marine and Island Coordination system will oversee marine operations

and island activities.
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2.3. Grid design of the Princess Elisabeth Island

The grid design for the Princess Elisabeth Island has been developed at the light of Belgium’s ambition to
integrate additional Offshore Wind Farms (OWFs) in a new zone, called the “Princess Elisabeth Zone”.

The Princess Elisabeth Island conceptual layout is shown in Figure 8 and is elaborated on in Section 2.6.

AC substations

~~~~~

S

DC converters

DC substations

Figure 8 : Princess Elisabeth Island layout

The total capacity of these additional OWFs ranges from 3.15 GW up to 3.5 GW. A variant analysis has
been performed to select the optimal solution for the integration of these OWFs. This variant analysis has
been performed based on various criteria among which: the investment costs, the maintenance costs, the
risk in terms of timing, the availability and reliability of the infrastructure, the technical complexity, the en-

vironmental impacts and the future-proofness.

Based on this analysis, the island solution combining both Alternating Current (AC) and Direct Current
(DC) technology has been selected. In this solution, as depicted on Figure 9, the island is connected to
the onshore network via 6 AC export cables and 1 HVDC system for a total capacity of 3,5 GW. This solu-
tion also offers opportunities for further expansions consisting of, among others, HVDC interconnectors to
neighboring countries or hubs. It is also important to remind that the Princess Elisabeth Island relies on
onshore reinforcements to be able to bring this significant inflow of energy up to where this energy is
used. In particular, the Princess Elisabeth Island relies on the projects Ventilus and Boucle du Hainaut.
Ventilus unlocks the injection of power from the first concession (700 MW) whereas Boucle du Hainaut is

absolutely required to unlock the injection of power from the two remaining concessions (2 x 1400 MW).
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In terms of access to the onshore network, the first concession will benefit from a flexible access on Ven-
tilus, pending the finalization of Boucle du Hainaut, as described in Section 2.3.1. As soon as the project
Boucle du Hainaut is finalized, a permanent access will be granted to the Princess Elisabeth Island, with

a total capacity of 3500 MW.

On the 7th September 2023, this grid design has been approved in a Ministerial Decree (MD). A public
version of the document describing and justifying the Grid Design for the extension of the Modular Off-

shore Grid is available on Elia’s website5.

‘ ' .- Princess Elisabeth
i Island

Figure 9 : Grid design for the Princess Elisabeth Island, as approved by Ministerial Decree on 07/09/2023

An important evolution with regards to the first step of the Modular Offshore Grid (MOGL1) is that Elia is

now also responsible for the transformation of the voltage from the one applied by the offshore wind tur-
bines (66kV) to the one used to export the energy to the onshore network (220kV for the AC cables and
+/- 525 kV for the HVDC cable system). This is the origin of many of the technical requirements listed in

the present document.

5 More info on Elia website: https://www.elia.be/-/media/project/elia/elia-site/infra-and-projects/projects/energy-is-
land/2023/20230823 proposition-grid-design-mog2.pdf
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Figure 10 : Evolution of the responsibility conferred on Elia between the first offshore phase (top) and the
second offshore phase (bottom)

In addition to the need to integrate vast amount of offshore wind in the PEZ, the Belgian Minister of En-
ergy also requested Elia to foresee the offshore infrastructure such that they could participate to the reali-
zation of a network of offshore hubs in the North Sea. In other words, the infrastructure of the PEI has to
tackle 2 needs: 1. Integration of Belgian offshore RES (Renewable Energy Sources) and 2. Access to
RES produced somewhere else in the North Sea. This is indeed key for a country like Belgium with high

ambitions in terms of electrification and, at the same time, limited domestic offshore RES potential.

This request matches quite well the observations made by Elia in the framework of its Federal Develop-
ment Plan. The development of hybrid systems combining RES integration and interconnection functions
may, in well selected locations, contribute to a more efficient use of scarce resources (€, environment,
workforce, etc.). Of course, this must be checked case by case, which has been done for Nautilus, the
project of (hybrid) interconnection between Belgium and the United-Kingdom. Indeed, the cost-benefit
analysis has been performed in the framework of the Federal Development Plan and shows significant
benefits for a reduced investment. This also translates in a faster delivery of the project, allowing Belgian
and European society to quickly enjoy the significant benefits Nautilus brings. Figure 11 shows the high-

level structure of the Princess Elisabeth Island after the realization of Nautilus, expected in 2030.
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Figure 11 : High-level structure of the Princess Elisabeth Island following the realization of Nautilus
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Nautilus will be realized with HYDC technology, and the goal is to connect it to the HVDC part of the Prin-
cess Elisabeth Island, via a HVDC substation. As mentioned in the Federal Development Plan 2024-
2034, the finalisation of Ventilus and Boucle du Hainaut are important pre-conditions for Nautilus. These
2 onshore reinforcements allow, among other things, the connection of the Princess Elisabeth Island (i.e.
combination of 3500 MW of offshore wind and 1400 MW of Nautilus), on top of what is already connected

today, without any structural congestion in the onshore network.

Operation of the Princess Elisabeth Island

Elia stated in the previous version of this report that the ambition is to operate the Princess Elisabeth Is-
land in “single node” (see Figure 12), meaning that the AC part of the island would be coupled to the DC
part of the island. As highlighted in this previous document, this ambition comes however with significant
challenges related to the dynamic behavior of the power electronics connected in that area (wind tur-
bines, HVDC converters, etc.) and related to the unclarity of the market setup. Following the results of the
public consultation TF PEZ, Elia confirms that the Princess Elisabeth Island will be operated split node
operation given the high uncertainties on the technical feasibility of the single node operation and low will-
ingness from market parties based on feedback collected in the process of the consultation. This split
node operation means that:
1) One node with 2.1 GW offshore wind (PEZ lot 1 & 2) is radially connected to the Belgian grid via
6 AC cables
2) One node with 1.4 GW offshore wind (PEZ lot 3) is connected to the Belgian grid via a HVDC
cable system. This HVDC system is planned to be extended into a hybrid system, in combination
with Nautilus interconnecting the PEI with the UK.
Moreover, redundancy for long term outage is also included in the reference operating mode for Princess
Elisabeth Island with possibility of switching of offshore wind park from AC to DC and inversely. This im-
plies that the technical capability must be developed to ensure that the wind parks can operate in both
setups, irrespectively of the lot in which they are located. Scenarios will be developed to avoid any impact

for market set-up and the risks are covered by the Royal Decree on liabilities.

With the decision of the split node operation, even if the single node operation would become technically
feasible resolving the technical challenges as listed above, Elia will not initiate an evolution to the single
node operation and its corresponding market set-up before the end of the support scheme period of the
Belgian OWF as defined in the Royal Decree Tender, which at the time of writing is set to 20 years. This
does not preclude the market set-up could evolve over time as per the application of the policy/regulatory
framework to make efficient use of capacities, however the latter regulatory ‘risk’ (seen from an investor
point-of-view) is inherently present for any investment decision both onshore as well as offshore, more

detailed are provided in Section 4.1
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On top of Nautilus, the hybrid interconnector TritonLink between Belgium and Denmark, will also be con-
nected to the Princess Elisabeth Island. In a first stage however, the HVYDC cable system will only pass
via the Princess Elisabeth Island before going to its connection point located further inland in Belgium. As
such, at this stage, TritonLink will not be electrically connected to the rest of the Princess Elisabeth Is-
land. This stop of TritonLink on the island anticipates the realization of a major energy hub off the Belgian
coast. This Offshore Energy Hub will consist in the realization of a common electrical node between the

four following HVDC legs:

1) The HVDC system connecting the Princess Elisabeth Island (PEI) to the Belgian coast;

2) The HVDC system connecting the PEI to Great Britain (Nautilus);

3) The HVDC system connecting the PEI to Belgium, further inland (part of TritonLink);

4) The HVDC system connecting the PEI to the offshore hub located in Denmark (part of TritonLink).

The finalization of TritonLink is expected in 2031-2032 whereas the realization of the Offshore Energy
Hub is expected later, between 2035 and 2040. For the realization of such a common node on HVDC
technology is a DC circuit breaker required, or an equivalent technology, which is not yet mature at the
time of writing. This technology is however critical in order to ensure a good selectivity in case of failure at
any point of the interconnected HVDC system. Without this technology, any failure would affect the four

legs listed here-above and jeopardize network stability in Europe.
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Figure 14 : High-level structure of the Princess Elisabeth Island following the realization of TritonLink and,
in a later stage, the Offshore Energy Hub

2.3.1. 700 MW flexible connection access

To unlock the full hosting capacity in the Belgian costal area, both Ventilus and Boucle du Hainaut projects
are required as highlighted in the Federal Development Plan 2024-34 of Elia®. Ventilus (2028-30) is to be
commissioned before Boucle du Hainaut (2030). Without Boucle du Hainaut, already existing congestions
on Horta-Mercator axis remain present in the system. These congestions are aggravated when supple-

mentary generation is connected (e.g. offshore wind connection).

In order to support Belgium’s ambition to accelerate the deployment of offshore wind energy in the Princess
Elisabeth Zone, a maximum of 700 MW of offshore wind capacity (= phase 1) can already be connected to
the electricity system after the realization of Ventilus. However, production of this offshore wind farm needs

to be limited in case of congestion on Horta-Mercator.

Given the fact that congestions can already occur in normal operation, this entails preventive curtailment
of possibly up to 700 MW. Such limitation of the offshore wind production is required for as long as

Boucle Du Hainaut is not realized yet.

6 More information available on the Elia website: https://www.elia.be/en/infrastructure-and-projects/investment-plan/federal-develop-
ment-plan-2024-2034
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The exact conditions of the Flexible connection contract will be clarified ahead of the launch of the first
tender. This covers the % of the energy expected to be curtailed due to congestions in the network, the %
of the time such limitations are expected to be imposed, the list of relevant congestions, the different im-
plementation phases and their impact on the parameters (the last phase being the one offering a firm
access). The draft figures were presented during the Task Force PEZ 16™ of May as following:

e Phase 1 - after realization of Ventilus: 1.6% of time and 2% of curtailed energy

e Final phase — after the realization of Boucle du Hainaut: 0% of time (Trad) and 0% of curtailed

energy (Trad)

These figures are still to be considered as draft at this stage as the present document doesn’t replace the

formal process foreseen in the code of conduct.
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Figure 15 : Connection of 700 MW offshore wind capacity with Ventilus and without Boucle du Hainaut

Just like for any other client facing a similar situation (i.e., temporary congestions on the network pending
the realization of a grid reinforcement project), a “Flex file” will be drafted and sent to the CREG for ap-
proval, ahead of the launch of the 15t OWF tender. This file will specify which congestions may lead to a

limitation of the injection as well as the frequency and extent of these limitations.

It is also important to mention that the framework for connections with flexible access at the federal level
is currently evolving, under the supervision of the CREG. A design note on this evolution has been
drafted by Elia and a public consultation was open from the 315t of May to the 5™ of July 2024. This de-
sign note is the result of different workshops organized with market parties and will lead to a proposition
of modification of the Code of Conduct to the CREG, adaptations to other relevant regulated documents

as well as an implementation plan.

The grid infrastructure foreseen for the connection of the PEZ offshore wind farms to the Princess Elisa-
beth Island is described in the Section 2.4.1 with a simplified representation of the electrical system (“Sin-

gle Line Diagram”) and the power constraints behind this infrastructure.
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Roles and Responsibilities of each party will be clarified in the Interface Matrix which will be shared for

the tender together with relevant studies for OWF performed by Elia. An extract of the interface matrix is

given in Figure 16.

26 Cable routing & installation (including fiber optic)

2.6.1 Cable high ievel corridor Define high level cable corridor per relevant Contractor P | | |

2.6.3 Cable routing - outside DC perimeter Routing design of cables outside DC perimeter on the Land C C p» P
Area

2.6.4 Cable routing - coordination Coordination of cable routing design on the Energy Island C P {0

2.6.5 Cable culverts for HV cables Design, supply and installation of cable culverts HV Cables C P C C

2.6.6 Cable supports for HV cables in culverts Supply and installation of cable supports inside HV cable C P*
culverts

2.6.7 Cable cleats for HV cables in culverts Supply of cable cleats for cables in HV cable culverts c p*

2.6.8 Cable cleats for HV cables in culverts Installation of cable cleats for cables in HV cable culverts Y P*

2,69 Cable installation 66kV Submarine Inter Array cable Installation on the Energy Island (incl. cable supporting in (o c P
culverts)

2.6.11 Cable installation HV Land Cables on Island Instaliation on the Energy Island C C

2.6.12 Qverlength Design and install required overlength C 1 P*

2.6.13  Provide space for overlength AC Substations Provide space for required overlength G P

Figure 16: Extract of interface matrix
2.4.1. Single Line Diagram

The Single Line Diagram (SLD) is built by taking into account the 3 concessions identified by the Belgian

Government in the Princess Elisabeth Zone (PEZ):

1) Concession 1 (Lot 1): 700MW of offshore wind capacity;
2) Concession 2 (Lot 2): 1225 -1400MW of offshore wind capacity;
3) Concession 3 (Lot 3): 1225 — 1400MW of offshore wind capacity;

The inter-array voltage level for the offshore wind farms in the Princess Elisabeth Zone (PEZ) has been
defined as 66 kV. This choice was based on the call for feedback organized by the Belgian Government
on October 3, 2022. In total, 12 responses were received and confirmed earlier analyses performed by
Elia: there are insufficient strong signals from the market (developers and supply chain) to justify introduc-
ing additional timing, cost and technological risks by imposing a 132 kV connection voltage for the Prin-
cess Elisabeth Zone. Due to these risks and the uncertainty (expressed by the market in the context of
the Belgian Government consultation) regarding a timely technological readiness for this voltage level, it

was decided to fix the inter-array voltage of the Princess Elisabeth Zone at 66 kV.

For the offshore (PEI) — onshore (Belgian coast) connection, 6 AC 220 kV cables and a DC connection

with 2 DC cable connections has been designed as illustrated in Figure 17.
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Figure 17 : Single Line Diagram of the Princess Elisabeth Island

The electrical system of PEI is characterized by 2 main types of blocks:

1) Block of 220 kV:
i. Layout 1 with 1050 MW as shown in Figure 18;
ii. Layout 2 with 700 MW as shown in Figure 19.
2) Block of 66 kV:
i. Layout 3 with 350 MW representing a 66kV block as shown in Figure 20.

Where in the different layouts:

e The black bullets represent a closed connection in normal operating mode;

e The white bullets represent an open connection in normal operating mode.

The sizing of the HVDC step-up transformers are at the moment of the redaction of this document not yet

available. This information will be made available in the tender document.

» Layout 1 with 1050MW

The following assets are considered in this layout 1:
e 3x 220 kV AC export cables;
e 3x transformers 66/66/220kV;
e 3x shunt transformers 90MVAr, to compensate the reactive power induced by the AC export ca-
bles.
e 2xlink cable bays towards the adjacent 220kV 700MW. In normal operating mode an open con-

nection will be established.
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e 2xlink cable bays towards the adjacent 220kV 1050MW block. In normal operating mode a

closed connection will be established.

Figure 18 : 1050MW layout

Each of the 220 kV export cables will be dimensioned to allow the connection of 350 MW of offshore wind
production. The 2 links between the 1050 MW blocks being closed in normal operation, the 6 AC export
cables will be operated in parallel which offers a high level of redundancy. Moreover, in case of the loss
of 1 of the 6 AC export cables, the 5 remaining cables are dimensioned to handle the overload (if any)
while curative actions are activated (and effective). The curative actions will consist in bringing back the
AC system to a N-1-safe situation. This situation anticipates the loss of an additional AC cable, during the
unavailability of the first AC cable, by limiting the overall offshore wind injection on the 5 AC cables to a

level that can be handled by 4 AC cables while curative actions are activated (and effective).

The curative actions will be a signal sent to all the connected OWP to limit their injection to a new (lower)
level. No disconnection of strings is heeded in that case thanks to the requested overload capability of the

AC export cables.

It is important to note that the 6 shunt reactors are foreseen to compensate the reactive power induced by
the 6 AC export cables. The loss of a shunt reactor will not per se lead to wind curtailment but might re-
quire the activation of MVAr services, which the OWF connected to the Princess Elisabeth Island are re-

quired to offer.

The following assets are considered:
e 2x 220 kV AC cable bays to connect the HVDC step-up transformers;
e 2x transformers 66/66/220kV;
e 4xlink cable bays towards the adjacent 220kV 700MW and 220kV 1050MW block. In normal op-

erating mode an open connection will be established.
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88

Figure 19 : 700 MW layout

Each 220kV block is designed with a double busbar system where the busbar coupling will be closed in

normal operation.

Considering that the Princess Elisabeth Island will be operated in split node in normal conditions, the di-
rect consequences of an outage on the HVYDC system will be limited to the OWF of the phase 3.
In case of an outage of (a part of) the HVYDC system, the infeed of the OWF connected to this HVYDC sys-

tem will have to be limited.

To ensure resilience, a spare 400MVA transformer and a spare Earthing / Auxiliary transformer will be
available on the Princess Elisabeth Island. These spare parts will be maintained in inventory to be used

when a one-to-one replacement is determined to be necessary.

» Layout 3: 350 MW - 66kV block

As shown in Figure 20, each 66kV block with 4 cable bays will connect 350MW of offshore wind power.
Each block is operated independently from each other on the 66kV side. Each 66kV block is designed
with a double busbar system, where the busbar coupling will be closed in normal operation. The offshore
wind farm inter-array cables will be equally divided over the two busbars. One offshore wind farm will be

connected to one 66kV block.

Figure 20 : 66kV block
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The 66KV blocks are designed into:

e 4x cable bays (or OWF inter array cables) that can connect up to 350 MW

e 2x transformer bays 66/220kV connected to a power transformer of 400MVA with one primary
220kV winding and two secondary 66kV windings;

e 1x spare cable bay;

e 1x busbar coupling;

e 2xlink cable bays towards the adjacent 66kV blocks.

Each 66kV block will have 1 spare bay (shown in Figure 20). A total of 10 spare bays will be installed on

the Princess Elisabeth Island, of which 1 spare bay per 700MW connection will be available for the OWF:

1) Lot 1: 1 spare bay
2) Lot 2: 2 spare bays
3) Lot 3: 2 spare bays

The other spare bays will be dedicated for potential future connections (managed by Elia). Each 66kV
bay (excl. the transformer bay 66/220kV) will have 1 cable end unit. Earthing and auxiliary transformer will

be connected on the secondary side of the power transformer 400MVA.

The connection of the two ends of inter array cables as shown in illustrative Figure 21 will remain feasible
for power supply for auxiliary services. However, Elia emphasis that in this configuration connecting two
inter array cables on the busbar 66KV is strictly prohibited.

&

Figure 21 :. The connection of two ends of inter-array cables (illustrative)

Elia has investigated the option of adding a circuit breaker on the first wind turbine and detects clear op-
portunities to achieve operational independence between the OWF and Elia during the operational phase.
After receiving 6 constructive responses with a clear pushback on installing a circuit breaker and/or volt-

age transformers in the first turbine, Elia concludes that an extra circuit breaker is an interesting idea, but
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which brings extra complexity and costs to the OWF. Therefore, it was decided that the circuit breaker

will not be required in the first wind turbine and has not been considered in the further design.

Correspondingly, Elia must ensure the safety of switching operations on the island, which results in the
exchange of the required signals (disconnector and earthing) from the OWF for switching release. The
preliminary list of signal exchange has been added in Section 2.9.2 “Signal exchange”. Elia will provide

the switching procedures during the detailed design phase.

2.4.2. Power constraints

In order to provide flexibility for the layout of the offshore wind farms, the following degrees of freedom

are provided in terms of connection to the Princess Elisabeth Island:

1) As mentioned in the previous section, 1 spare bay per block of 700 MW is available to the OWF. In
total, this represents 9x 66 kV bays per 700 MW;

2) The 66kV GIS bay has been designed for 2500 A. The maximum power injection into the GIS or max-
imum installed capacity is limited due to the cable capacity which is in scope of the OWF;

3) The injection per block of 350 MW (i.e. per power transformer 66/66/220kV) cannot exceed 380 MW /
400 MVA;

4) The injection for each of the 3 concessions is strictly limited to their respective capacities, as identi-
fied by the Belgian government (i.e. 700 MW, 1400 MW and 1400 MW). It is up to the respective Off-

shore Wind Farms to make sure these limits are continuously respected.

The injection capacity offered to each concession is tightly linked to the Grid Design of the Princess Elisa-
beth Island, which has been elaborated to optimally integrate 3500 MW of offshore wind in the Princess
Elisabeth Zone. As explained in the section 2.4.1., the single line diagram consists in the juxtaposition of
several building blocks of 350 MW each. Each of these building blocks is operated independently on the
66 kV side. The unavailability of some wind turbines will thus only free up injection capacity in the building

block to which these wind turbines are initially connected.

Note: if some flexibility is provided in terms of repartition of power between the different transformers of a
same concession, it is recommended to strive for an as good balance as possible in order to allow an op-
timal N-1 management. Indeed, in case of loss of a transformer, the offshore wind capacity connected to

this transformer will be more efficiently rerouted to the other transformers if such a balance is achieved.
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2.5. Phasing of works

2.5.1. High-level schedule

The high-level timing foreseen for the Princess Elisabeth Island, the offshore wind farm and onshore grid

reinforcement are defined in the Figure 22. The high-level planning has been also published on the FPS

Economy website: https://economie.fgov.be/en/themes/energy/belgian-offshore-wind-energy

At the time of starting this consultation, the construction phase started for the Princess Elisabeth Island.
The related assets (AC and DC substations, AC and DC cables) are currently in the tendering phase.
Subsequently, Elia will proceed with detailed design, construction and installation. This information is

summarized in Figure 22.

2022 2023 2024 2025 2026 2027 2028 2029 2030

@ a1 02 03 04 @ | Q2 03 04 01|02 @3 @+ 01 Q2 @3 04 01 @ 63 0+ a1 62 03 04 Q Q@ Q3 04 01 02 03 @ Q1 Q2 @3 04

offshore wind zones

Tender plot 1 End 2028 : first windturbines in service
Wind farms Financial close + Construction plot 1 *

Financial close + Construction plot 2 + 3

- Grid design
_ Environmental Impact Assessment (EIA)
_ Environmental permit, cable permit & concession island
Energy Islana I construction island
Construction phase 1 - 700 MW _

Ventilus

Boucle du Hainaut

Figure 22 : High level timing for the Princess Elisabeth Island
2.5.2. Phasing of works on the island

Figure 23 gives an overview of the different phases of the offshore works foreseen in 3 steps:

1) Phase 1 will include the installation and commissioning of one facility module and 1 AC substation
1050MW. With the commissioning of phase 1, the island will be ready to connect the first concession;

2) Phase 2 will include the installation and commissioning of one AC substation module 1050MW. With
the commissioning of phase 2, the island will be ready to connect the second concession;

3) Phase 3 will include the installation and commissioning of two AC substation modules 700MW and
the installation and commissioning of the onshore and offshore DC convertor. With the commission-

ing of phase 3, the island will be ready to connect the third concession.
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Figure 23 : Phasing of works foreseen on the Princess Elisabeth Island

2.6. Island concept

The electrical infrastructure will be installed on an island, located inside the Princess Elisabeth Zone. This

Princess Elisabeth Island is divided in four main areas, visualized in Figure 24:

1)
2)

3)
4)

The land area at the center of the energy island, that will house the grid infrastructure;

The drainage buffer zone, which surrounds the land area (at north, south and west side), and mainly

serves to collect overtopping (wave) water but also to route the cables;
The quay side on the east;

A CTV (crew transfer vessel) harbor.
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Figure 24 : Island layout

The exploitation, operation and maintenance of the island will be the responsibility of Elia. No accommo-

dation, nor warehousing for third parties is foreseen in the design. An emergency shelter has been in-
cluded in the island design. CTV and Walk to Work transfers will be possible under supervision of Elia.
Heavy duty forklift, cherrypicker and mobile crane will be available on the island which can be used for

the OWF, but these tools will be operated by the Elia staff. The OWF request shall include lifting plan to

be submitted upfront following Elia standards according to Section 2.10. More information will be included

in the Proximity Agreement.

2.6.1. Land area

The land area measures approximately 6 hectares and will consist of several buildings for the DC con-

verter and DC interconnectors, 4 AC substations as well as some small warehousing facilities. The wind-

farms will be connected to the AC substations, which consist out of 1 module and a set of transformers
(and shunts for the 1050MW substations).

A module is a steel building which houses the main electrical infrastructure, that will be fabricated and as-

sembled onshore (similar to an offshore topside but without transformers). The modules will be supported

by means of an open concrete cellar, which allows the routing of cables. One of the modules will be
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equipped with a helideck. The helideck will be available at the same time than the first module for the

700MW connection will be available.

The switchgear will be installed in these AC modules. The transformers will be installed on the land area
on a concrete plate and inside a shelter. Besides the switchgear, there are rooms foreseen for utilities,
control and protection cabinets and 1 room for each OWF. The land area will be protected from intruders
by means of wave walls and fences. The land area shall be accessible from the quay area and Crew

Transfer Vessel (CTV) harbor by means of gates.

2.6.2. Drainage buffer zone

Three sides of the energy island will be ‘exposed’ (north, south, west) with high primary wave walls to limit
overtopping of sea water. The drainage buffer zone is situated behind the wave wall to catch and drain
overtopping water towards the eastern (sheltered) side of the Island. This zone is allowed to be flooded
and will have a high drainage capacity during storm conditions. The secondary wave wall will prevent or
minimize overtopping of the land area where the grid infrastructure is located. The sheltered eastern side
does not require an outer wave wall. Due to the sheltered location the quay and entrance to the Crew

Transfer Vessel (CTV) port (northeast side) are located here as shown on Figure 25.

>

Figure 25 : Drainage buffer zone in the Princess Elisabeth Island
2.6.3. Quay side

A quay side is foreseen at the east side of the island and is foreseen to allow mooring of supply vessels
as well as transport & installation (T&I) vessels. For the offloading of supply vessels a crane with a capac-
ity of 6 ton and the crane position shall ensure lifting activities can be performed both while CTV is

moored at the jetty and while CTV is pushing against the boat landing.
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2.6.4. Crew Transfer Vessels harbour

The PEI contains a harbour equipped for Crew Transfer Vessels (CTVs). This harbour consists of;
1) A floating jetty which allows the mooring of 2 CTVs;
2) A crane to offload CTVs with a capacity of 6 ton;
3) A boat landing.

2.7. Cable routing and pull-in

2.7.1. Cable routing around Princess Elisabeth Island

The cables will be grouped in corridors per Offshore Wind Farm concession. As shown on Figure 26 be-
low, there will be a separation between the different corridors. The space left in between the different cor-
ridors is left open intentionally to allow for future interconnectors and is considered as a separation zone
between the different stakeholders. The space between the cable corridors and windfarm concessions is
an official safety zone. Currently, no offshore crossings within close proximity of the island are foreseen.
However, offshore crossings cannot be avoided for future interconnectors. The location of the conces-
sions and cable corridors are shown in Figure 26 and Figure 27. The exact location and dimensions of

the cable corridors will be shared in the tender documents.
Inevitable cable crossings will be performed as per onshore standards. Cable trays are to be foreseen to

ensure physical separation. Roles and Responsibilities of each party will be clarified in the Interface Ma-

trix which will be prepared by Elia. The Interface Matrix will be shared for the tender.
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Figure 27 : The location of the concessions and cable corridors

It should be noted that there is a limited amount of J-tubes on each side of the Princess Elisabeth Island.

Hence, it has been calculated that inter array cables (IAC) originating from parcel 2 will have to be distrib-

uted between the North, South and West sides of the Princess Elisabeth Island. The parcel 2 is split over

2 substations:

e |IL1RD in North of the island for up to 350MW
e |L1BU in the South of the island for up to 1050MW

This ensures that no array cables have to be routed over the energy island from South to North (or vice

versa). The split in south is to allow maximum spreading of the cables around the perimeter of the island.
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2.7.2. Cable approach

The island outer perimeter will consist of concrete caissons placed on the seabed. A scour protection will

be applied around those caissons. The area inside the caissons will be filled with sand.

The inter array cables will be guided from the OWF towards the island by passing over the scour protec-
tion. As the cable will be installed on the scour protection, a cable protection system should be applied.
The cables will pass through the island boundaries or concrete caissons by means of J-tubes as shown in
Figure 28. The J-tubes design is standardized to accommodate all types of cables. A J-tube is similar to a
monopile entry hole. It has two entry holes above each other to accommodate for installation tolerance of
the scour protection. The cell of the caisson containing J-tubes (the so called first cell of the caisson) will
be filled with water to optimize the thermal behavior of the cables. The J-tube inner diameter will be
750mm. The design pull-in load will be 300 to 400kN. The inter array cables will subsequently be routed
to the GIS of different modules.

The scour protection installation tolerances are based on the Rock Manual (CUR683) and is function of
multiple parameters like the rock size, the installation method, etc. The tolerances will be shared for the
tender. Height of entry holes has been derived taking into account the relevant DNV recommendations.
For reference, monopiles with several apertures above each other have been designed and installed in

the past.
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Figure 28 : Visualization on a J-Tube inside the caisson
2.7.3. Cable pull-in concept

A cable pull-in is done to initiate or finalize the cable installation over a cable route. The submarine cables
are to be pulled into the energy island through the foreseen J-tubes. The J-tube ends in the hang-off

room where the submarine cable can be fixated. A designated length of cable is pulled onto the island.
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The cable will be terminated on the island for final connection to the GIS cable compartment. The possi-
bility exists to connect the offshore cable to an island cable by means of a joint in the drainage buffer
zone under the responsibility of the OWF. The cable hang-off will be in the “hang-off room” which is posi-
tioned in the upper part of the first cell of the concrete caisson as shown in Figure 29. The hang-off room
will be a confined space but not air-tight. A concrete lid will be installed to seal the hang-off room. This lid
can be removed by crane for cable pull-in to allow the pull-in system (e.g. tripod) to be placed above the

J-tube. Personnel can access the hang-off room by means of a manhole with a ladder.

The design of the Princess Elisabeth Island includes scour protection and J-tube to accommodate the
IAC from the OWF. The pull-in and routing of IAC towards and on the PEI is within the scope of works of
the OWF. Roles and Responsibilities of each party will be clarified in the Interface Matrix which will be

prepared by Elia. The Interface Matrix will be shared for the tender.

Pull-in of the IAC on the Princess Elisabeth Island is the responsibility of the Windfarms. The disposal of
Elia equipment presents on the Princess Elisabeth Island to the Windfarms as well as the conditions at-
tached to the disposal of this equipment will be described in the Proximity Agreement of the Princess Elis-

abeth Island. Elia will share relevant documentation for the tender.
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Figure 29 : Hang-off room in the Princess Elisabeth Island

2.8. High voltage systems

The wind farm inter array cables (IAC) shall be connected directly in the cable compartment of the 66kV
GIS bay. The type of GIS 66kV shall be a GE F35-CB31 with SF6 as the insulated gas type.

Property and maintenance border remains at GIS cable compartment, in accordance with IEC62271-209.

The use of dry type cable terminations Um: 72,5kV is required.
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Elia will provide the female part of the cable termination (GIS 66kV). Elia has standardized the type of the
epoxy: Pfisterer HV-CONNEX, Size 4 (industry common practice). An installation in the GIS factory is en-
visaged. The OWF will provide the male part of the cable termination (cable 66kV). The OWF must qual-
ify the male part with Pfisterer (EN-60840). Elia requests a plug-in installation of the inter-array cable as
shown in Figure 30. Gas works in case of termination plug-in and cable testing will be performed by Elia.
Elia envisages to transfer ownership of the female part of the cable termination to the OWF. This will re-

sult in the OWF managing the entire cable system in the final setup.

Figure 30 : Plug-in installation of the inter-array cable

The 3-phase short circuit current is maximum 31,5kA on the connection point. The duration (trip time) is
1s. The 1-phase short circuit current is 4kA. The duration (trip time) is 1,2s. The coupling of the step-up

transformers of the wind turbines is chosen such as to have (almost) no short-circuit current contribution
from the wind turbines in case of a single-phase fault (yD). Impedance of the neutral point transformers

(npt) has been chosen such that the total neutral current contribution equals 4kA on the 66kV busbar.

Xnpt is between 40 and 50 ohms/phase for each neutral point transformer.

2.8.1. Routing on the Princess Elisabeth Island

A designated corridor will be attributed to each offshore wind farm concession to route their cables. Ca-
bles will be routed through the secondary wave wall via watertight cable transits. The cables will be
routed on the island inside concrete culverts from the secondary wave wall towards the GIS inside the

dedicated AC substation. Culverts will have lids that can be removed for easy access. Figure 31 aims at
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visualizing a preliminary layout of the cable routing on the PEI, showing the principles of working with cor-

ridors. The cable routing on the PEI is still evolving and the corridors are subject to change.

_________________________________________________________________________________________
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Figure 31 : Preliminary view on the routing of the Princess Elisabeth Island
2.8.1.1 Culverts in land area

Elia will provide concrete culverts in the Land Area to route the cables of the OWF to the HYAC Modules.
In the reinforced zones on the Land Area (zones are reinforced to allow crossing of roads) concrete cul-
verts with a concrete lid will be installed. In the non-reinforced zones of the Land Area concrete culverts

covered by Fiber Reinforced Panels (FRP) lids might be installed.

The proposed design specifications for the concrete culverts on the Land Area are the following:

e  Minimum inner width: 1m

¢  Minimum height: 1m

e Minimum thickness of concrete sides and bottom: 15cm

e Maximum thickness of concrete lids in the reinforced zones on the Land Areas: 15cm

e Maximum thickness of FRP lids in the non-reinforced zones on the Land Areas: 5cm

Thermal characteristics of the concrete: 1Km/W.

Lifting provisions will be foreseen on the concrete lids to be able to open the culverts.

2.8.1.2 Culverts in the drainage buffer zone

The design of the cable culverts in the drainage buffer zone is still evolving. The dimensions of the cul-

verts in the drainage buffer zone will be non-restrictive compared to the dimensions of the culverts in the
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Land Area. With an approximate distance of 27 meters between the primary and secondary wave wall,

there will be sufficient room to operate a mobile crane.

Elia will protect the 66kV inter array cables with two distance protections and an overload protection.
With the use of 2 distance protections and zone-specific criteria, Elia will be able to protect the complete
cable excluding wind turbines. OWF protects each wind turbine by installing their own local protections.
To limit the interface with the OWF Elia will not install an interface cubicle in the first wind turbine. There

will be no tele-tripping order towards the wind turbine.

The distance protection will use 2 intelligent electronic devices with protection 1: GE P443 (as shown in
Figure 32) and protection 2: GE P442. The OWF is allowed to use the low voltage cable protection as de-
scribed above. However, the design and criteria specific to each zone will be defined and further elabo-
rated upon during a collaborative planning phase involving Elia and the OWF. This will result in a joint

scope and responsibility.

As shown in Figure 32, different zones in the distance protection P1 scheme are represented:

1) Zone 1 has been used as a current criterion to avoid unwanted trips for backward faults. The jus-
tification follows the grid code and the wind turbines’ Fault Ride Through (FRT) requirements;

2) Zone 2 shall be substituted by a non-directional 10>t and a I>t — approximately 150ms criterion.
The designated value shall be selective with the wind turbine protection system and compatible
with the Fault Ride Through specifications;

3) Zone 3: approximately 0,95s (back-up);

4) Zone p (direction feeder): approximately 1,35s (back-up);

5) Zone 4: approximately 1,65s (back-up).

51



Elia | Technical report — Final outcome of the Task Force Princess Elisabeth Zone

' Z < :
1
| | 2118 |
r-——- - - ——— = - |
! BLOKKERING BLOKKERING & t-1¢ - !
e e - iy [ ]
|INDIEN ™T FALL & {INDIEN 0) 21 CRIT lo> - :
L —
1 {
1 {
| ‘ 21-2/3¢ - E
| & 5 |
! E Z1 CRIT I> i o I
1 {
1 {
| W ZP.TP i._ —
| + - | :
{
| ‘ 23,13 - - !
1 ‘j {
1 {
-1 {
| * 24,74 - - |
1 I
I
| |
: IN DIENST.ZETTEN d I>t, lo>t 1
! {INDIEN Q) NOOD !
: 21 |
r L L 1

Figure 32 : Distance protection P1 - GE P443

2.9.2. Signal exchange

All systems that are critical for the operation of the substations and island signalization shall be transmit-

ted to onshore Elia dispatching.

The list of signals to exchange between Elia and the OWF and the communication methods are synthe-

tized in the interface list in Figure 33, Figure 33 and Figure 34. Standard interface signals of Utility equip-

ment are not included.

For the Transmission System State notifications “Emergency Elia”, “Blackout Elia” and “Grid restoration
Elia”, different communication channels are foreseen between Elia and the SDP stakeholders:

e E-mail message

e SMS message

e Publication on the elia.be website

e SCADA connection (Supervisory Control and Data Acquisition)

For safety reasons Elia cannot allow a direct connection to a dedicated current transformer and voltage
transformer. Therefore, Elia concludes to install a measuring convertor (Convertor) in a dedicated OWF
cubicle for time critical purposes. Elia proposes the use of Elia validated convertors such as a SINEAX

DM5S or DM5F or equivalent as shown in Figure 33. Interface can be set-up via several interfaces e.g.
MODbus.

52



Elia | Technical report — Final outcome of the Task Force Princess Elisabeth Zone

Figure 33 : Comparison of measuring converter for OWF cubicle

Other measuring convertors can be implemented when the requirements, in line with existing IEC stand-

ards and OEM, have been fulfilled and validated by Elia. The requirements are:

1) extended current rating of 130% (1,3A);

2) continue thermic current of 150% (1,5A);

3) thermic resistance of 100A — 1s (minimum of 40A — 1s);

4) lifetime of the equipment of minimum 20 years, according to Elia Assets Life Cycle;

5) software maintenance exclusively from onshore (remote);

6) redundancy. Elia must be present during each intervention of the OWF. When doubts on reliabil-

ity, Elia recommends the OWF to opt for redundancy.

For all scenarios described above the offshore wind farm will be responsible for the OWF dedicated
measurement convertors inclusive delivery, maintenance, support and spare parts management. For all
other purposes, Elia provides protocol IEC104 via the RTU/DCS in scope of Elia towards the OWF inter-
face cubicle in the OWF room.

To regulate the active power output, the Power Park Controller (PPC) shall be connected to each 66kV
inter array cable bay, where voltage and current will be supplied. To regulate the reactive power output,
the voltage control shall be linked to a measuring convertor of the transformer bay 66/66/220kV, side
220kV, where only voltage will be supplied, as described in Section 3.4. These measurements can only
be used for the automatic control of the wind turbines.

The inter-array cable bays will be equipped with a revenue counter for client invoicing. The counters will

be provided and maintained by Elia. Elia will provide hard wired the real time counting impulses.
The exchange list of signals for offshore wind farm per string to Elia and inversely are summarized in Fig-

ure 34. Moreover, the list of signals exchange foreseen from offshore wind farm control center to Elia is
summarized in Figure 35.

53



Elia | Technical report — Final outcome of the Task Force Princess Elisabeth Zone

Annex - Interface of signals OWF per string ELIA Substation ILIRD
[OWF per string e ELIA From To Time Critical Signal ‘Communication path
|5tand kabelscheider IN OWF Elia N Paosition IEC104
[5tand kabelscheider UIT OWF Elia N Position 1EC104
Stand Kabelaarder IN OWF Elia N Position |EC104
|5tand Kabelaarder UIT OWF Elia N Position IEC104
Spare OWF Elia
[Spare OWF Elia
|Spare OWF Elia
|Spare OWF Elia
[Spare OWF Elia
ELIA = OWF per string From To Time Critical Signal ‘Communication path
Stand Vermogenschakelaar Elia IN Elia OWF N Position |EC104
[5tand Vermogenschakelaar Elia UIT Elia OWF N Position IEC104
[Stand Railscheider Rail 1IN Elia OWF N Position IEC104
|5tand Railscheider Rail 1 UIT Elia OWF N Pasition IEC104
[5tand Railscheider Rail 2 IN Elia OWF N Position IEC104
|Stand Railscheider Rail 2 UIT Elia OWF N Position IEC104
[Stand kabelscheider Elia IN Elia OWF N Position IEC104
|5tand kabelscheider Elia UIT Elia OWF N Paosition IEC104
[Stand Kabelaarder Elia IN Elia OWF N Position IEC104
|Stand Kabelaarder Elia UIT Elia OWF N Position IEC104
Str ing 66kV Elia Elia OWF N Measurement Dedicated Measurement Convertor
[Spanningsmeting 66kV Elia Elia OWF N Measurement Dedicated N it Convertor
Spanningsmeting 220kV Elia Elia OWF N Measurement Dedicated Measurement Convertor
actief -> (A+) Elia OWF ¥ Impuls Hard wired
[Actief -> [A-) Elia OWF Y Impuls Hard wired
Ri+ Elia OWF Y Impuls Hard wired
Ri- Elia OWF Y Impuls Hard wired
Rc+ Elia OWF ¥ Impuls Hard wired
Rc- Elia OWF ¥ Impuls Hard wired
1/4h Elia OWF Y Impuls Hard wired
|Spare Elia OWF N
|Spare Elia OWF N
|Spare Elia OWF N
Spare Elia OWF N
|Spare Elia OWF N

Figure 34 : Exchange list of signals for offshore wind farm per string to Elia and inversely

Annex - Interface of signals OWF dispatch

Ay F|A Substation ILIRD

(OWF dispatch s ELIA From To Time Critical Signal Communication path
Real time available active power [MW) OWF Elia N Measur: IEC104
(Current voltage control mede (V control droop, Q constant, PF mode) OWF Elia N Position IEC104
(Current active power control mode (Maximum available power, limited by ELIA, limited by PPC, limited by . -
. OwWF Elia N Position IEC104
external signal= BRP)
Current LFSM maode (LFSM-U on, LFSM U off, LFSMO on LFSMO off) OWF Elia N Pasition IEC104
[Current MW setpoint (in PPC) OWF Elia N Measurement IEC104
[Current MVAR setpaint {in PPC) OWF Elia N Measurement IEC104
indsnelheid (m/s) OwWF Elia N Measurement IEC104
'Windrichting OWF Elia N Measurement IEC104
. OWF Elia N Control signal |l:CP{‘rase2]f|¢10dfs
y Elia (ak led nt) ms/mail
X OWF Elia N Control signal IECP{TaseZJ,FI_F.ElCId
Blackout Elia (ak led ) sms / mail
_ ] ICCP(Tase2) / IEC104
Grid restoration Elia (aknowled, i OWF Ella N Control signal sms / mail
Spare OWF Elia N
Spare OWF Elia N
Spare OWF Elia N
Spare OWF Elia N
Spare OWF Elia N
ELIA wt OWF di: h From To Time Critical Signal Communication path
Actief vermogen meting Elia (MW) Elia OWF N Measurement IEC104
Reactief meting Elia (MVAR) Elia OWF N IMeasurement IEC104
i ing 220kV Elia (to PPC) Elia OWF ¥ Measurement Convertor
Host Offline Elia OWF N Alarm IEC104
Setpoint MW - allowed active power injection MW absolute value Elia OWF N Setpoint IEC104
Integration of MVAr setpoint d d Elia OWF N Setpoint ReValt
. Elia OWF N Control signal ICCPUQSQZHIF_'CIUME
y Elia ms/mail
. Elia OWF N Contral signal |l:CP{‘rase2]f|¢10dfs
Blackout Elia ms/mail
) ] ICCP(Tase2)/IEC104/s
Grid restoration Elia Eta OWF N Control signal ms/mail
Spare Elia OWF N
Spare Elia OWF N
Spare Elia OWF N
Spare Elia OWF N
Spare Elia OWF N

Figure 35

. List of signals exchange from offshore wind farm control center to Elia
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2.9.3. Telecom concept

Optical fibers will be hosted in the submarine cables from the onshore substation GEZEL to the offshore
AC substations 1050MW. The optical fibers will be split over multiple (minimum 2) offshore cables for re-

dundancy and a maximum of 48 (or 24 pair) fibers will be dedicated for each offshore windfarm.

The communication between Elia and the windfarms shall be done via fiber (only single-mode) or copper
as shown in Figure 36 and Figure 37, which will be part of the detailed design. Each offshore AC substa-
tions shall have a dedicated single-mode trunk towards the interface cubicles in every OWF room to be
able to interconnect the windfarms to an onshore location.

Princess Elisabeth Island

ILIRD/BU IL10G/GN

OMDF WFO OMDF WFO

Patch Panel Patch Panel

_________________________________________________________________________________

Figure 36:: Concept of optical fiber interface per Lot

Elia will provide a space with a maximum dimension of 3,8 x 12 m per OWF on the property of the on-
shore substation GEZEL to facilitate the installation of windfarm telecommunication systems (OWF shel-
ter). The offshore windfarm shall be responsible for the installation and operation of the necessary tele-
communication equipment and consequently their shelter. Elia will provide a redundant (2x 24) optical

fber connection to each OWF shelter.
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2.9.4. Auxiliary power supply

The 400/230Vac will be foreseen by two independent power supplies per lot AC substation (1050MW
resp. 700MW). Each power supply will be able to cover the full load of an AC substation. The island will
be equipped with a diesel generator to power the auxiliaries after black-out of the grid. A power supply of
2x 110Vdc and 2x 230Vac UPS will be provided by Elia for each lot per AC substation.

2.9.5. Windfarm room

Several signals shall be exchanged between Elia and the OWF, this shall be done by means of interface
cubicles installed in the OWF room on the AC substation as shown in Figure 37. The dimensions of the
cubicles shall be: 2200x800x600 (LxWxD). The design will include one technical room for each lot per AC
substation with a footprint of 40 m2 (8 x 5 m). HVA/C, Fire Fighting, table NEN-EN 152, 4 chairs NEN-EN
1335 in the OWF room will be provided by Elia. Lifting and installation of the Windfarm cabinets shall be

executed by Elia in supervision of the OWF. It should be noted that no warehouse facilities are foreseen].

OMDF CLIENTT INTERFACE CUBICLET
T LH O SH T SHCFT ) ] | A

U et (T G FO SHTOOADEZ ) Db (o IO AT
T e Tx b

R TODATT Saisdd/2: iy

! 1
! 1
! 1
! 1
! 1
! 1
| 1
! 1
! 1
! 1
) CLIENTT WINDF ARM FIBERS A 1
1 CLIENT? WINDF ARM FIBERS B |
! 1
! 1
| 1
! 1
! 1
! 1
! 1
! 1
! 1
! 1
| 1

Note - Interface cubicle will be
delivered by Elia and would be
of "SASLAN" cubicle ype

Figure 37 : Interface Elia — offshore wind farm lays in the cubicles

2.10. Marine and works coordination

2.10.1. Documents for Marine and Island Coordination

During the construction phase of OWF in Princess Elisabeth Zone, several documents should be submit-
ted respecting a strict timetable to allow safe marine operations and/or island activities. As soon as (part
of the concessions of) the OWF are operational, the conditions for OWF to access the PEI change to-
wards a post commissioning phase. In order to grant permission for an OWF post-commissioning inter-
vention, several documents must be timely submitted respecting pre-defined deadlines. The deadlines

hereafter are subject to modification and will be confirmed in the Proximity Agreement.
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2.10.1.1 Documents prior construction

The documents to be transmitted by OWF owners to Elia in order to obtain permission to start the con-

struction on the island will be requested in several phases according to a timeline (see Figure 38).

Contractor, Operator or Wind farm owner

+ High-level planning
Month-18 QO + High-evel Method Statement
before stert of Merine Opesation

Contractor, Operator or Wind farm owner

Documents describingthe Marine operationsand/or
Month-12 O Island activities as per DNV-ST-NDO1 standards

before start of Marine Operation

Contractor, Operator or Wind farm owner
« List of equipmentinvolved (detailed)

« List of vessels involved
I:\:ﬂl?nth-ﬁ O « MIC Windfarm or Contracter point of contactto be appointed

Vessel project acceptance

+ Vesselcertification, information and contact details to be uploaded in the MIC

Week-6 Software
/ Safe Marine o erations before start of Marine Operation O + Vesselinspectedby Elia (4 to 6 weeks before mobilization)
© A |

After approval, Elia will grant a Permit to Access an Offshore site to the vessel
PRrPry Il ETA - 24h,
and/or Island Activities (ean ba dona il ETA~2dn)

Pre-operational administration by Contr., Op. or Windfarm

Hour-48 + Final information/documentationto be uploaded in the MIC Software
fore siart af ierine Operalion + Permitto Work application as per Elia procedure (Method Statement and
Risk Assessment)
Or ETD-2 + Personnel certification and contact details
Should the transit time be mor + Transferplans (vessels and personnel tracking)

than hours
Start Start of Marine Operation

Figure 38 : Overview of documents to be provided prior construction phase
2.10.1.2 18 months prior start of construction operations

Month-18 + High-level planning
befors construction operation O + High-level Method Statement

The OWF owner has to provide 18 months (1 and a half years) before the construction operations a high-
level planning and high-level Method Statement to Elia.

2.10.1.3 12 months prior start of construction operations

Documents deSCHbingthe Marineoperationsandior
Month-12 O | | andactivities as per DNV-ST-N0O1 standards

before construction operation

One year prior to the construction operation, the OWF owner must provide documents describing the Ma-
rine operations and/or Island activities as per DNV-ST-NOO1. Those documents can be consulted in the

DNV-ST-NO0O01 standard under Section 2 Planning, 2.3 Technical documentation, 2.3.7 Marine operation
manuals under 2.3.7.2.
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2.10.1.4 6 months prior start of construction operations

Contractor, Operator or Wind farm owner

« List of equipmentinvolved (detailed)
Month-6 O List of vesselsinvolved

ettt oMo Oneration MIC Windfarm or Contractor point of contactto be appointed
Six months before the construction operation starts a tentative list of involved equipment, a list of involved
vessels and MIC windfarm point of contact must be transmitted to Elia. Simultaneously the vessel certifi-
cation, information and contact details must be uploaded in the MIC Software The tentative list of equip-

ment should be updated and shared monthly.

2.10.1.5 6 weeks prior start of construction operations

Vessel project acceptance

+ Vesselcertification, information and contact details to be uploaded in the MIC
Week-6 Software
before start of Marine Operation O + Vesselinspectedby Elia (4 to 6 weeks before mobilization)
+ After approval, Elia will grant a Permit to Access an Offshore site to the vessel
(can be done till ETA — 24h)

Six weeks prior to starting the construction operations, the vessel project acceptance procedure will start.
This procedure is explained in detail in Section 2.10.2.1. The vessel requesting access will be inspected by
Elia. After approval of the vessel, Elia will grant a Permit to Access an Offshore site. When the OWF owner

obtains the MRCC permit for exceptional marine activities, it must be shared with Elia.

2.10.1.6 48 hours prior start of construction operations

Pre-operational administration by Contr., Op. or Windfarm

Hour-48 « Final !nformationldqcurpentationto pe uploaded in the MIC Software
before start of Marine Operation O +  Permitto Work application as per Elia procedure (Method Statement and
Risk Assessment)
Or ETD-24 + Personnel certification and contact details
Should the transit time bemore « Transferplans (vessels and perscnneltracking)

by
than 48hours

Forty-eight hours prior to the start of the construction some pre-operational administration must be com-
pleted by OWF owner. The final documentation must be uploaded in the MIC Software. The Permit to
Work application should be done as per Elia procedure. All personnel must be in possession of the
proper certificates and their contact details must be up to date. Transfer plans (vessels and personnel
tracking) must be available.

2.10.1.7 Documents prior O&M works after commissioning
As soon as the construction phase for (part of the concessions of) the OWF is completed and OWF is op-

erational, the documents requesting access to PEI and the timeline for sending the documents changes.

The procedure to request access to PEI is mentioned in Connection Agreement, Annex 10.
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Every time a grid user requests to execute offshore infrastructure works; he must send a request

hereto to Elia. In this request, he mentions minimum:

@)

(b)

(€)

(d)
(e)

()

A description of the offshore works he wishes to execute (including a detailed description of the
plan where on the offshore infrastructure the activities will take place);

The number of persons required to perform offshore activities and the identification of those people
involved,;

Whether the grid user requests to use the Elia material,

The expected duration of the offshore infrastructure activities that the grid user wishes to execute;
A proposal for beginning and end date for the execution of the offshore infrastructure works taking
into account a reasonable margin of days for weather latency, of which the amount of days may be
modified in good faith and with proper justification by Elia (‘the access window’);

Two alternative access windows must be provided in case the offshore operations cannot take
place due to exceptional weather conditions within the access window specified in accordance with
point (e).

Except in the case of urgency and subject to the express agreement by Elia, the user directs the re-

guest to Elia:

(@)
(b)

(€)

Minimum 42 days prior the first day of the access window;

Minimum 21 days prior to the first day of the access window if the offshore infrastructure activities
wherefore a request was done only concern normal periodical maintenance and if the provided re-
guest contains all required information;

Minimum 10 days prior to the first day of the access window if the offshore infrastructure activities
wherefore a request was done only concern visual inspections and if the provided request contains

all required information.

2.10.2.1 Access given to a vessel

Each contractor engaged on the Princess Elisabeth Island project must upload detailed vessel infor-

mation into the “employer’s marine and island coordination tool/software” in the interests of safety, marine

and island coordination and emergency coordination. The timeline below (see Figure 39) details the steps

to be undertaken to obtain permission for a vessel/unit working on or near to the Princess Elisabeth Is-

land.
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6 weeks before
mobilization

4-6 weeks before
mobiliza-tion

4 weeks before
mobilization

2 weeks prior
Mobilization

Mobilization or
loading

ETD - 24h

ETA (site) - 24h

Pre-arrival on site

Offshore Site

+ Vessel documentation to be uploaded in Marine & Island Coordination tool/software (by OWF)

+ Desktop review of the vessel performed (by Elia)
+ Preparation of the MRRC Permit for exceptional marine activity by OWF

« Vessel to be inspected following the Vessel Project Acceptance (by Elia)

+ In case the OWF owner obtained an MRCC permit for exceptional marine activities for an activity linked to the PEI project, the

OWF owner should share the MRCC permit with the PEI project.

« Vessel Project Acceptance completed (by Elia) and findings resolved (by OWF)
+  MIC watch to be informed with "Estimated Time of Departure” (by OWF)

+ Vessel entering in the "List of Vessels and contactdetails” (by MIC watch)

+ Check of communication with MIC (by MIC watch)

« MIC watch to be informed with "ETD" and type of operation (by OWF)

« Permit to access an offshore site to be prepared (by OWF)*

+ Permit to Work to be prepared (by OWF)*

+ Marine and Island Coordination Notice adapted (by MIC watch)

+ MRCC Permit for exceptional marine activities application (Section "Voorzorgs- en veiligheidsmaatregelen” to be followed strictly)

« MIC watch to be informed with "Estimated Time of Arrival" (by OWF)
« Vesseltaking part to the daily meeting
« Permit to access an offshore site to be granted before entering site (by Elia)*

+ Vessel verbally confirming to the MIC watch "in full working order”
+ DP Checklists are to be sent to MIC
+ Permit to Work to be issued (by OWF)

+ Vessel under full MIC watch

« Communication watch to be held

« Vesseltaking part to the daily coordination meeting
« If major changes in operations, MIC to be informed

Figure 39 : Flow chart vessel

* Should the ETD or ETA be scheduled on a “non-business day” or a “non-business+1”, all the permits to access and/or Permit to

Work should be prepared before the “non-business day’.

A “permit to access an offshore site” will be granted to a certain vessel after having met the following cri-

teria:

1) Windfarm vessel is approved under the Vessel Project Acceptance (VPA) procedure. To ensure

vessels/units are “fit for purpose” and suitable to undertake their intended operations safely, the

vessels that will be involved in the PEI project need to be approved by Elia;

2) Contact details and documents of the vessels have been uploaded to the marine and island coor-

dination tool/software;

3) Information about the activity/operation has been provided to Elia;

4) MRCC permit for exceptional marine activities has been delivered.

The permit to access will only be approved by Elia. Prior entering an offshore site, a Dynamic Positioning

(DP) vessel needs to complete her DP checklists. The vessel is obliged to confirm verbally to the MIC

watch that the DP checklists have been completed and will forward those checklists to the MIC watch.
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2.10.2.2 Access given to personnel

Before being allowed on the Island, personnel will need to meet the following criteria (see Figure 40):

1) Windfarm personnel certification (training requirements) and contact details to be uploaded to
Marine and Island Coordination Software by the OWF. Training specifications will be detailed un-
der 2.10.4. Training requirements;

2) Windfarm Personnel to follow the marine and island coordination site induction.

- Asite-specific induction will be created by the contractor to highlight any particular risks and
control measures that those working on a specific site need to be familiar with. At least, the
following topics will be covered: site rules, personal protective equipment, smoking policy, re-
stricted areas, hot works, traffic management systems, site tidiness, fire prevention, permit-to-
work system and emergency plan & arrangements.

- Specific equipment induction will have to be provided by contractors to workers being involved
in the equipment/modules (e.g. AC working area, DC working area, etc.);

- The induction needs to be refreshed if the worker is not on site for 6 months.

3) Personnel to be approved in the Marine and Island Coordination (MIC) software.

= IfQWF's personnel, then the OWF creates a profile in the Marine&Island Coordination tool/software
- IfElia's personnel, then Elia creates a profile in the Marine&Island Coordination tool/software

As soon as known

As early as possible = Personnel to complete their profile in the Marine&lsland Coordination tool/software and follow the required inductions

48hours before
joining an Offshore
Site or vessel

= MIC watch will check the certificates and induction of the personnel boarding a vessel or transferred to the Island
The profile will be rejected or approved*

At least 24 hours before
joining an Offshore Site * MIC watch to be informed of upcoming transfers - preparation of transfer plan*
or vessel

Figure 40 : Personnel workflow
2.10.3. ERCOP - ERP

In the event of an emergency at any stage of the “Princess Elisabeth Island project”, an initial response to

the emergency will be started.

The initial response will follow the predetermined procedures detailed in Emergency Response
Coordination Plan (ERCoP). This is a tool/guideline/procedure to prepare and coordinate the different
parties during an Emergency (e.g. contractors, O&M, OWF, authorities etc.). It provides guidelines for the
coordination and management of an emergency or a possible emergency. Every OWF is responsible for

providing their own Emergency Response Plan (ERP).
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< Elia ERCOP PEI Offshore and Marine Operations

Contractors )

Figure 41 : ERCoP and ERP interrelations interaction
2.10.4. Training requirements

At all times, all personnel need to be appropriately certified, inducted and have submitted their Next Of
Kin (NOK).

As mentioned under Section 2.10.2.2 “Access given to personnel”, before being allowed on a Marine and
Island coordination site, personnel will need to have followed adequate trainings (site and transportation
mode specific induction; offshore health certificate; BOSIET or GWO, GWO Advanced First Aid for 10%
of the workforce, HUET + CA-EBS in case of transfer per helicopter, Elia Electrical training and BA4/BA5,

task specific trainings as displayed in Figure 42.

BA4 and/or BAS certification must be provided by the employer of the contractor. By means of BA4/BA5
certification the employer certifies that the employee is qualified and trained to work at an electrical instal-

lation.

BA4 will be a minimum requirement for all not electrical works. In case the contractor wants to execute
electrical works, a BAS certificate is mandatory. It depends on the scope which BA-certificate is required.
- The "Informed persons" (BA4) are those persons who have received adequate instruction regarding the
electrical risks associated with the work entrusted to them

- "Skilled persons" (BA5) are those persons who, through knowledge acquired through training or experi-
ence, can themselves assess the hazards associated with the work to be performed and determine the
measures to eliminate or minimize the resulting specific risks. Note that a person who has no BA4 certifi-

cate can be guided by an BAS5 certificated Elia agent.

The Elia training will be the “AVIO-GSIO” training “Algemene Veiligheids Instructies Offshore - General
Safety Instruction Offshore” which is a training developed for the PEI project. AVIO-GSIO can remotely be
completed online by e-learning. As soon as all chapters have been completed, the training will be fol-
lowed by a test to check if the person has understood the AVIO-GSIO sufficiently.
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o Inductions and Medical fitness

Induction (site specific and transportation mode specific)

Offshore Health certificate

E;\) Certificates and training

[BOSIET + Boat-landing] or GWO (Sea-survival including boat-transfer, First-aid and fire-fighting)
GWO Advanced First Aid for 10% of the workforce

Transfer per helicopter (HUET + CA-EBS)

Elia Electrical training and BAS

Based on tasks specific and risks assessments, extra trainings might be required (e.g.: Working at height, confined spaces,...)

Figure 42 : Training requirements overview
2.10.5. Process with respect RAMS

To avoid schedule interface issues, all parties have to submit the schedule of their works timely. Based
on these inputs, Elia will develop consolidated schedule, in case of conflicts the relevant parties will be
consulted. If conflict persists Elia will prioritize taken into consideration the impact of the different works

(e.g., a cable pull-in will get priority over a seabed survey).

2.11. Operations & maintenance

The principles related to operations and maintenance are covered in the previous Section 2.10.
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The production units that will connect to the Princess Elisabeth Island shall comply with the technical re-
quirements as defined in the European Requirements for Generators Network Code (RfG NC), imple-
mented in the Belgian law via the “Federal Grid Code” (FGC) and translated into technical requirements
via the “General Requirements for Generators” by the Belgian Transmission System Operation Elia in the

case of Belgium.

Following Article 110 82 of the Federal Grid Code, the Transmission System Operator may introduce ad-
ditional requirements applicable for offshore wind farms. The present document introduces the clarifica-
tion of the requirements triggered by ‘Dynamic & Harmonic’ challenges to be followed by the offshore
wind park for the Princess Elisabeth Zone tenders, on top of the technical requirements foreseen for such

installation in the Federal Grid Code (i.e. type D Power Park Module (PPM)).
These requirements can be clustered into 4 main categories:
Active power forced oscillations;

Voltage management, MVAr capability and dynamic performance;

Data & model provision and validation;

A 0N PE

Conformity process.

In general, the proposed amendments of the requirements applicable for offshore wind farms written in
the Federal Grid Code are described based on the experience of existing offshore wind farms and taking
into account the industrial capabilities, to bring more clarity and certainty and/or avoid unnecessary costs
for the wind park developer during the design, implementation and commissioning phase of the wind park

installation.

In the current European or national legislation, no reference at all exists regarding the notion of active
power forced oscillation and regarding the criteria limiting their occurrence in the transmission power sys-
tem. To avoid different and divergent interpretation as it was the case for the existing offshore wind farms
in Europe, ENTSO-E with the support of European TSOs, among which Elia, and WindEurope, with the
support of manufacturers, developed a common proposal of criteria as input for the upcoming update of

the RfG NC. Elia’s first assessments show that these new criteria can be met by existing offshore wind
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farms. It is anticipated that it should also be possible for new wind farms. It is therefore proposed to antici-
pate the legal process for the amendment of the RfG at EU level and to clarify these criteria for forced os-
cillation as additional requirements for the PEZ tenders. This provides further certainty for all bidders

compared to a situation whereby these requirements would not be made explicit.

The clarifications made for the technical requirement for the voltage management and MVAr capability
required for OWF in PEZ is based on two main considerations:
1) The return of experience on real performance and capability from existing offshore wind farms in
Belgium (MOG I);
2) The 66 kV connection voltage level for OWFs in PEZ, combined with the fact that they will be
coupled to the Elia grid via a step-up transformer, which is neither managed nor operated by the
OWEF owner (in contrast to MOG 1).
On this basis, it was concluded by Elia that some existing requirements or added new requirements to
better cope with the way the installation can provide robustness to the transmission power system while

limiting the impact on their cost.

In this spirit, following requirements have been improved or added:

- Reduction of the Q,U reactive power capability curve and adaptation of the voltage droop control ca-
pability;

- Introduction of explicit Overvoltage ride through capability;

- Clarification on the capability to remotely change control modes between reactive power, voltage
droop or power factor;

- Clarification on the way a request of new reactive power setpoint sent by Elia should be implemented
while keeping the installation operating in voltage droop mode;

- Clarification that fast dynamic reactive current injection might be deactivated.

Following the feedback collected from the public consultation, the main adaptations made in the technical
requirements for voltage control are a clarification regarding the capability curve that now can move
within the range without dedicated study. A clarification is added on the voltage-droop control requirement
for which the control has to be performed independently for each 3 Winding Transformer and also re-
quirement in case of forced outage of a transformer are added. The possibility to switch control mode is
now no more to be performed automatically but can be performed manually following an instruction of the
ELIA control center. Additional clarification are introduced to better justify the choices and adaptation in

the requirements.
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Inverter Based Resources” (IBRs) and synchronous generators have fundamentally different dynamic
performance characteristics resulting in a difference in the overall power system dynamic performance.
These differences will become more prevalent as IBR uptake increases in the power system. Reductions
in system strength, inertia, damping of small-signal oscillations, fault levels, and other synchronous char-
acteristics are the results of the transition from power systems with a dominance of synchronous genera-

tors to a system with very few synchronous generators online.

These changes in system characteristics have caused new and emerging power system phenomena, in
particular the risk of adverse interactions among the control systems of multiple nearby IBRs. More con-
cretely, “micro-second” timeframe phenomena will appear, that can be captured mainly with Electro-Mag-
netic Transient (EMT) simulations, while for existing power system phenomena mainly “millisecond-sec-
ond” phenomena are present, and those can be captured with less complex Root Mean Square (RMS)
simulations. Such phenomena either did not previously exist or when they did, they were much easier to
identify and address, e.g., sub-synchronous control interactions between IBRs and series compensated
lines. Changes in the power system and generation mix mean that these phenomena are likely to occur
more often (as experienced in other countries), that they have the potential to impact a larger part of the
power system, and that their impact will be greater than it used to be. This could potentially result in major

supply disruptions if such phenomena are not understood and addressed pre-emptively.

It is then of utmost importance to be able to correctly assess the risks related to these new phenomena
through adequate and accurate simulations. To perform accurate simulations, there is a need to collect

and validate adequate data & model of installations connected to the Elia.

Section 3.9 describes the detailed data that each Power Generation Module (PGM) will have to provide
depending on their type and source of energy generation as well as the different steps of the process that
will be applied during the conformity assessment to collect and validate the Root Mean Square (RMS)

and Electro Magnetic transient (EMT) model of the installation.

7 Inverter Based Resources represents all source of electricity asynchronously connected to the electrical grid based on electronic
power converter are usually mainly renewable energy sources.
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The conformity process is not new and is a legal obligation from the European Requirements for Genera-

tors Network Code (RfG NC). The current process is based on 3 different stages:

e Energization Operation Notification (EON) stage: based on compliance proof, data and model ex-
change and leading to the ability to energize the installation;

e Intermediate Operation Notification (ION) stage: based on RMS simulations on simplified (Single
Machine Infinite Bus) grid model and leading to the authorization to connect and operate the in-
stallation;

¢ Final Operation Notification (FON) stage: based on a test and leading to the Final Operation Noti-
fication.

As explained above, the evolution of the transmission system with increasing penetration of large con-
verter driven generation sources and decreasing synchronous generation is causing new and emerging
power system stability phenomena that might affect the quality of the power and could potentially result in
damage or life-time reduction of network or grid users’ installation or major supply disruptions if such phe-

nomena are not understood and addressed pre-emptively.

Awaiting a framework harmonized at EU level, the objective of the improvement of the conformity process
is to ensure secure and stable operation of the Belgian transmission system, necessary to limit the risk of
damage or life time reduction of grid user or network installations or severe disruption in the supply of en-
ergy, while securing a timely FON delivery process for each new connecting PGM, independently from

the order they are connecting to the grid.

The proposal is considering a proportionate and balanced approach to fulfill to challenges related to:

1. Additional complexity of modelling and simulating some phenomena, which require EMT ap-
proach instead of RMS approach;

2. Respecting legal and regulatory obligation as well as property rights of the different parties;

3. Considering the impact of system and grid users’ evolutions and not only focus on the expected

time of connection of the PGM.

This improved conformity process, developed and discussed in the framework of the upcoming tenders
for the Princess Elisabeth Zone, is meant to be generic and applicable in the future for any new connec-
tion request. The requirements are then made specific to the type of units to ensure setting appropriate

requirements, depending on the characteristics of the installation.
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The proposed improvements mainly concern:

1.

Criteria to determine which type of simulations will be needed to prove conformity depending on
the type and size of the installation and screening index® accounting for the potential risk of inter-
action with nearby relevant assets;

Additional data and model exchanges between Elia and the Asset owner of the new installation
and inversely;

A secure “cloud-based” platform to perform the wide-area network EMT-based simulation assess-
ment in order to not compromise the property-rights of the different Original Equipment Manufac-
turers (OEMs) owning the model of the relevant assets, and

Principles and rules how to handle non-conformity situations, including clarification where and in
which conditions the assets shall have an obligation to investigate solutions to mitigate potential

system dynamic performance issues, without compromising his FON status.

The main adaptations provided in the conformity process principles based on remarks received from the

public consultation are meant to clarify the proposal. Especially, for the conformity process, improvement

in the criteria has been added in order to:

Making clearer the conditions when already connected client might be required to perform best
effort assessment of their dynamic performance after having received their FON. The maximum
number of occurrences has been reduced from 5 to 3 and an equity criteria has been added;

The role and responsibilities between ELIA and the client have been clarified, especially in the
case of grid simulation;

The obligation of the client during wide area network simulation have been clarified as a best ef-
fort in term of dynamic performance of the control/command of the installation;

The condition for ION and FON delivery in case of issue detected during wide area network simu-
lation have been added, distinguishing the situation where solution is only dependent on the cli-

ent from situation where it is dependent on a third party.

8 A screening index is a value that is usually easy to compute and will give an indication whether the analyzed case is potentially
exposed to risk or not. In the case of risk exposure, further detailed analysis will be necessary.
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Belgian power system is experiencing an uptake of approximately 7 GW of power electronic-based de-
vices including offshore wind farms (OWFs) in the coastal area and HVDC links, including connections to
other countries such as Great-Britain (Nautilus) and Denmark (TritonLink). In addition, other parts of Bel-
gian power system are experiencing increased uptake of battery energy storage systems (BESS), solar
farms and onshore wind farms. Whilst each of these are often individually much smaller than the OWFs
and HVDC links, when combined their aggregate size could be similar or even higher than a large OWF
or HVDC link. Concurrent with all these developments, the number of online synchronous generators are
decreasing with likely withdrawal of large nuclear plants under accelerated inverter-based resources®

(IBR) uptake scenarios.

IBRs and synchronous generators have fundamentally different dynamic performance characteristics re-
sulting in a difference in the overall power system dynamic performance. These differences will become
more prevalent as IBR uptake increases in the power system. Reductions in system strength, inertia,

damping of small-signal oscillations, fault levels, and other synchronous characteristics are the results of
the transition from power systems with the dominance of synchronous generators to those with very few

synchronous generators online.

These changes in system characteristics have caused new and emerging power system phenomena, in
particular the risk of adverse interactions among the control systems of multiple nearby IBRs. Such phe-
nomena either did not previously exist or when they did, they were much easier to identify and address.
Changes in the power system and generation mix have meant that these phenomena are likely to occur
more often (as experienced in other countries), will have the potential to impact a larger part of the power
system, and their impact will be greater than it used to be. These phenomena will affect the quality and
stability of the power system, potentially leading to damage or impact on the lifetime of grid user or net-
work installations or unforeseen disconnection of grid elements that could potentially result in major sup-
ply disruptions if such phenomena are not understood and addressed pre-emptively. A testament to this
widespread impact is the growing need for IBRs in real world applications to install devices such as syn-
chronous condensers or perform control system tuning to avoid instabilities that would otherwise be en-

countered.

9 IBR represents all resources asynchronously connected to the electric grid and are either completely or partially through power
electronics (wind, solar, HVDC, energy storage etc)
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Figure 43 illustrates the AC Power System stability phenomena including the new emerging ones result-

ing from IBR penetration.
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Figure 43 : Overview of Dynamic and Harmonic power system stability phenomena

Factors such as type of the Power Generation Module!® (PGM), geographical location, individual and col-

lective capacity size, proximity to synchronous machines and other IBRs influence the approach to be

taken for conformity assessment, meaning that not all proposed connections can be assessed the same

way, and that current practices adopted in Belgium and rest of the Europe may no longer be fit for pur-

pose in some applications for the reasons discussed above.

The present chapter described the clarification of the requirements triggered by ‘Dynamic & Harmonic’

(Power System Stability) to be followed fulfilled by the offshore wind park for the Princess Elisabeth Zone

tenders on top of the technical requirements foreseen for such installation in the Federal Grid Code (i.e.

type D Power Park Module (PPM)) and can be clustered into 5 main categories:

A w0 PR

Active power forced oscillations in Section 3.6;
Conformity process in Section 3.8.

Data & model provision and validation in Section 3.9.

Voltage management, MVAr capability and dynamic performance in Section 3.4 and 3.5;

19 power Generation Module represents all kinds of power generation asset (synchronous machine, battery storage, inverter-based

sources, etc)
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Additionally, a clarification shall be provided by the TSO on “quick resynchronization and island operation”
as requested in General Requirements for Generators. In the framework of the offshore tenders for PEZ,

this requirement/capability is requested from offshore wind farm as described in Section 3.7.

In general, the proposed amendments of the requirements applicable for offshore wind farms written in
the Federal Grid Code are described, based on the experience of existing offshore wind farms, to bring
more clarity and uncertainty and/or avoid unnecessary costs for the wind park developer during the de-

sign, implementation and commissioning phase of the wind park installation.

e Dynamic & Harmonic

( 1. Requirement for voltage control

C 2. Requirement for stability and robustness

C 6. Requirementfor quick resynchronization andisland op.

( 4, Requirement for active power forced oscillation

( 5. Requirement for conformity process

N NN NSNS

( 6. Requirementfor data & model exchange

Figure 44 : Overview Dynamic & Harmonic topics

3.3. Standard and additional requirements

Each production unit shall follow the existing national regulation for generators, implemented in Belgium
via the Federal Grid Code (FGC)!! and the general requirements for generators??. As foreseen in the Art
110 82 of the Federal Grid Code, the Transmission System Operator might introduce additional require-
ments applicable for offshore wind farms. The present document introduces the adapted requirements
and relative technical reasoning to be followed by the PEI wind farms on top of the requirements for type
D Power Park Module (PPM?3) as described in the Federal Grid Code. Unless explicitly mentioned in the
text, the requirements have been already presented and thoroughly discussed with the stakeholders dur-

ing the Task Force Princess Elisabeth Zone and ad-hoc workshops meeting.

1 The Federal Grid Code is available online: http://www.ejustice.just.fgov.be/eli/besluit/2019/04/22/2019012009/justel

2 The general RfG are available online: https://www.elia.be/-/media/project/elia/elia-site/company/legal-framework/rfg.pdf

13 ‘Power Park Module’ or ‘PPM’ means a unit or ensemble of units generating electricity, which is either non-synchronously con-
nected to the network or connected through power electronics, and that also has a single connection point to a transmission system,
distribution system including closed distribution system or HVDC system.
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The specificities of the PEZ offshore wind farms connection with Princess Elisabeth Island (PEI), together
with the specificity of the installation calls for adapted requirements that aims on the one hand to optimize
the design (and relative costs) and on the other hand to guarantee performances and stability of the in-
stallations in the complex reality of the PEI. They take into account already the comments raised during
the stakeholder workshops!4. For each amendment/clarification, an explanation is provided on the exist-
ing requirement, the new requirements, and the justification.

@ How the type of generation is defined in Belgian ‘General Requirements for Generators’

The type of generation (Power Generating Module — PGM) is defined in the General Requirements for Generators as follow:

o TypeA: 0.8 kW < PeaP*™ <1 MW and V,, < 110kV
o TypeB: 1MW < Pier*™ < 25 MW and V,, < 110kV
o TypeC:25MW < P < 75 MW and V,, < 110kV
e TypeD: 75 MW < pSpecity

or 0.8 kW < P9 and 17, 2 110kV

» 2
With the following specific cases:

e Type D PGM having a 0.8 kW < PSP < 1 MW will follow the same requirements as type A PGM
e Type D PGM having 1 MW < PS9P%!Y < 25 MW wiill follow the same requirements as type B PGM

Where
- LY s the maximum (installed) capacity of the Power-Generating Modules (PGM);
- V., is the voltage level at the connection point.

As described in the General Requirements for Generators, the Power Park Modules (PPM), for which the connection point is
located offshore should follow the same prescriptions as type D PPM units except if specifically defined in the document.

B Type D (requirement =A)
@ Type D (requirement =B)
- Type A
B TypeB
- Type C

. Type D

Mw

0.0008

Figure 45 : Representation of the requirements to be followed by PGM depending on the proposed maximum capacity thresh-
olds

¥ The document relative to the Task Forces PEZ are available on Elia website: https://www.elia.be/en/users-group/task-force-prin-
cess-elisabeth-zone/meetings

73


https://www.elia.be/en/users-group/task-force-princess-elisabeth-zone/meetings
https://www.elia.be/en/users-group/task-force-princess-elisabeth-zone/meetings

Elia | Technical report — Final outcome of the Task Force Princess Elisabeth Zone

3.4.1.1 Existing requirement

As defined in the RFG Requirements for General Application, a PPM of type C and type D, including the
Princess Elisabeth Zone offshore wind park, shall be capable to deliver reactive power within the Q-P

profile!® as follows, and as described in Figure 46:

e For any voltage at the Connection Point between 90 % and 110 % of the nominal voltage level
(Unom) and for any value of the active power output between Pmin (equal to 0.2 pu of nhominal
active power (Pnom)) and Pnom, the PPM shall be able to produce or consume - at least - any
reactive power at the connection point within the area limited by Q1, Q2, Q3 and Q4 as illustrated
in the Figure 46;

e This range has an obligated minimum span of 0.6 per unit (pu) of Pnom, but can move within an
area of [-0.3 pu of Pnom, +0.35 pu of Pnom];

e For all values between the 90% and the 110% for nominal voltage below 300kV voltage ranges
(or 90% and 105% for nominal voltage above 300kV), it is requested that the PPM could partici-
pate in voltage regulation at least in the above mentioned reactive power range (as is repre-
sented in the U-Q/Pmax profile in Figure 46);

e For values outside of the 90% and the 110% for nominal voltage below 300kV (or 90% and 105%
for nominal voltage above 300kV) voltage ranges, it is requested that the PPM could participate
in voltage regulation to the maximum of the intrinsic technical capabilities of the installation;

¢ For any voltage value, at the Connection Point, between 90 % and 110% of Unom for nominal
voltage below 300kV (or 90% and 105% for nominal voltage above 300kV) and for any value of
active power output between PO (equal to 0.0263 pu of Pnom) and Pmin, the minimum range of
operating point for which reactive power shall be controlled is defined by the two values of the
power factor computed by the points (Q1, 0.2*Pnom) and (Q2, 0.2*Pnom);

e For any voltage, at the Connection Point, between 90 % and 110 % of Unom for nominal voltage

below 300kV (or 90% and 105% for nominal voltage above 300kV) and for any value of active

15 Extract from the document “Rfg Requirements Of General Application” — 22/08/2019
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power output below PO, the reactive power can be uncontrolled, however, injected/absorbed val-
ues must be limited within a range of Q =[-0.0329;+0.0329] pu of Pnom that is represented by
the shaded area in the Figure 46;

e For specific voltages at the connection point, the required reactive power capabilities are smaller
as represented in the U-Q/Pmax characteristic of Figure 47.

F 3
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Figure 46 : Existing requirement for type C and D | Figure 47 : Existing requirement for type C PPM
PPM for the reactive power capability vs active for the voltage vs reactive power capability
power

In case of non-availability of units within the PPM due to failure or maintenance, the reactive power capa-
bility might be adjusted based on the current Available Generation Capacity P,,, instead of Pnom (1 pu as

per the figure above) which is expressed as following:
N

Pav=Zavi X Pi

i=1

Where
- N is the number of installed units in the PPM;
- av; is the availability factor of a unit i (either O or 1);

- P; is the production capacity of a unit i during the failure or maintenance.

75



Elia | Technical report — Final outcome of the Task Force Princess Elisabeth Zone

Note that the available capability of the PPM (which could be wider than the minimum requirement)

should be communicated, demonstrated, and put at disposal of the relevant system operator.

The PPM owner shall not unreasonably withhold consent to use wider reactive capabilities, taking into
account of their economic and technical feasibility. The unit is therefore expected to not limit its capabili-
ties to comply with the minimum requirement but to use the full capability to support the system stability
as stated in its agreement. The speed of reaction within the capability curve is site specific and will be de-
termined during the connection conformity process (e.g., EDS) and specified in the contractual agree-

ment.

3.4.1.2 Reason for modification and expected impact on the design

The main differences with the existing wind park are that the Princess Elisabeth Zone offshore wind farm
connection point is on the 66kV (instead of 220kV behind a transformer) and that the wind farms will not
own a platform on which additional reactive power compensation devices or transformers can be in-

stalled. The choice of a different voltage level has the following consequences:

1) The string array cable will be more capacitive (66kV) than the MOG 1 (33kV);
2) The voltage along the string will be more variable than the one on MOG 1 due to the capacitive behav-

iour of the cable (quadratic w.r.t. the voltage level).

A string with the same number of wind turbines and the same length will be more difficult to compensate
and the management of the voltage will be more difficult at 66kV (PEI) than at 33 kV (MOG 1) at off-nomi-

nal voltages.

Modern wind turbines have limitations on the voltage range for which they can control reactive power due
to physical limitations in the converters. Beyond this operating voltage range (usually +/- 5% of the nomi-
nal voltage), the wind turbines are no more able to fully control the reactive power and may also discon-

nect in extreme cases.

As a matter of example if the voltage at the connection point is 1.05 pu, the voltage at the different wind
turbines, depending on the operational state will be higher than this value if the park is injecting reactive
power, and can go outside the operational area guaranteed by the wind turbine manufacturer.

Existing wind farms (MOG 1) are able to comply with the existing above-mentioned requirements be-
cause they use a transformer with online tap-changer that allows to keep the string voltage ‘seen’ by the
wind turbines within a narrow range around 1 pu of voltage for any voltage at the connection point
(220kV). This will not be the case with the PEI wind farms for which the voltage will be imposed by Elia at
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the connection point 66kV. In the PEI, the wind park owner will not build a platform and will not be able to

install additional assets (i.e., transformer) to comply with the +/-10% pu range existing requirement.

For the reasons above, the requirement will be made less conservative by reducing the range of voltage
at the connection point to a value of +/-5% of the nominal one and the Q-V curve will be adapted to give
full capability within the expected steady state voltage at 66kV (i.e., controlled between +/- 1% of the
nominal value) and limited one outside this range. The range +/-5% is chosen to guarantee some dynam-
ical margin in case of sudden change of system voltage, while the tap change of the transformer will take

some time to react.

The new requirement is confirmed by a study that has shown the capability curve that can be obtained by
the wind farms using the intrinsic capabilities of the wind turbines, i.e. without the need of installing addi-

tional assets or oversizing the wind turbine converters.

3.4.1.3 New requirement

The adaptations foreseen for the PEZ tender is highlighted below in bold while old description are

A PPM-eftype-C PEI wind park shall be capable to deliver reactive power within the Q-P profile de-
scribed in Figure 48 and U-Q/Pnom profile in Figure 49.

For every voltage at the Connection Point between 90-% 95% and 105% 110-% of Unom (66kV) and for
any value of the active power output between Pmin (0.2 pu of Pnom) and Pnom, the PPM shall be able to
produce or consume - at least - any reactive power at the connection point within the area limited by Q1,
Q2, Q3 and Q4 (Figure 48) taking into account the U-Q/Pnom curve of Figure 49.

This range has an obligated minimum span of 0.6 pu of Pnom, but can move within an area of [-0.3 pu of

Pnom, +0.35 pu of Pnom] .

For all values between the 98%-95% and 105% of Unom (66kV) taking into account the U-Q/Pnom
curve of Figure 49 110% i i
300Kk\V)-veltage-ranges, it is requested that the PPM could participate in voltage regulation at least in the
above mentioned reactive power range (as is represented in the U-Q/Pnom U-Q/Pmax profile in Figure
49) ; for values outside of the 96% 95% and 105% of Unom (66kV) 110% for-nominalveltage-below
00k\/-{or-90%-and-105% for-nominalvoltage-above-300k\A) voltage ranges, it is requested that the PEI

wind park PPM could participate in voltage regulation to the maximum of the technical capabilities of the

installation.
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For every voltage value, at the Connection Point, between 98-%-95% and 110% 105% of Unom (66kV)
taking into account the U-Q/Pnom curve of Figure 49 ferneminalveltage-below-300k\/{or90%and
105% for-neminal-voltage-above-300k\S and for any value of active power output between Po (equal to

0.0263 pu of Pnom) and Pmin (equal to 0.2 pu of Pnom) the minimum range of operating point for which re-
active power shall be controlled is defined by the two values of the power factor computed by the points
(Ql,O.Z*Pnom) and (Q2, O.Z*Pnom).

For every voltage; at the Connection Point; between 90-%-95% and 110% 105% of Unom (66kV) taking

into account the U-Q/Pnom curve of Figure 49

nominalveltage-abeve-300Kk\) and for any value of active power output below Po, the reactive power can
be uncontrolled, however, injected/absorbed values must be limited within a range of Q =

[0.0329;+0.0329] pu of Pnom that is represented by the shaded area in the Figure 48.

For—Depending on the voltages at the connection point, the required reactive power capabilities are
smaller represented in the U-Q/Pnom U-Q/Pmax characteristic of Figure 49.
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In case of non-availability of units within the PPM due to failure or maintenance, the reactive power capa-
bility might be adjusted based on the current Available Generation Capacity P, instead of Pnom which

is expressed as following:
N

Pav=2avi X Pi

i=1

Where
- N isthe number of installed units in the PPM,;
- av; is the availability factor of a unit i (either O or 1);

- P; i is the production capacity of a unit i during the failure or maintenance.

Note that the effectively available capability of the PPM (which could be wider than the minimum require-
ment) should be communicated, demonstrated, and put at disposal of the relevant system operator.

The PPM owner of the installation shall not unreasonably withhold consent to use wider reactive capabili-
ties, taking account of their economic and technical feasibility. The unit is therefore expected to not limit
its capabilities to comply with the minimum requirement but to use the full capability to support the system

stability as stated in its agreement.

The speed of reaction within the capability curve is site specific and will be determined during the connec-

tion conformity process and specified in the contractual agreement.

3.4.2.1 Existing requirement

A PPM of type C and type D, including Princess Elisabeth Zone offshore wind park, must be able to adapt

its reactive power injected at the connection point26:

¢ Automatically in case of slow or fast variations of the grid voltage. This has to happen according
to a reactive droop;

e Through change of the controller set-point on request of the Transmission System Operator. This
request is quantified in MVAr measured at the connection point. The change of set-point shall be

initiated immediately after reception of the request;

16 Extract from “RFG Requirements for General Application” — 22/08/2019
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e Reactive power exchange with the TSO network to control the voltage covering at least the 0.90
to 1.10 pu voltage range should be in steps not greater than 0.01 pu;
e The reactive power output shall be zero when the grid voltage value at the connection point

equals the voltage setpoint as shown in Figure 50 below.

i 1pu

~ o ~i voltage
~ i slope

Figure 50 : lllustration of the existing curve for voltage-droop functionality.

The droop will be agreed between the Transmission System Operator and the PGM operator (before first

energization) so that «,, lies between 18 and 25, as expressed in the following formula:

AQpet
0.45 x Pyory

Xeq™ ( AUpe; )
Unorm,exp

Where

- U, is the voltage measured at the Connection Point;

- Unormexp is the normal exploitation voltage at the Connection Point;

- Qnet is the injected reactive power measured at the Connection Point;

- Piom is the nominal capacity of the PPM.

The «,, values can be transformed and are hence totally in line the value of a slope having a range

of at least 2 to 7% as is mentioned in RfG art. 21.3d(ii).

3.4.2.2 Reason for modification and expected impact on the design

With the proposed new voltage control strategy, the voltage at the connection point (66kV) will no longer
follow the grid voltage but will be maintained as constant as possible by the tap changer of the
220kV/66kV transformer.

As consequence the wind park would have been made insensible to a change of grid (i.e. 220kV) voltage

and would not have been able to contribute to the system voltage stabilization as it would have ‘seen’ an
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almost constant voltage independently from the system voltage. The contribution of the wind farms is

however fundamental to maintain system voltage healthy.

For this reason, the voltage to which the wind park will have to react is no more the 66kV one but will be

the one of the high voltage (HV) side of the transformer to which they are connected (220kV).

The stability and feasibility of this change has been broadly studied and has been discussed with wind
park manufacturers and stakeholders at large. In addition, a dead band is included to the voltage droop
curve; this is already implemented in the current wind farms as default functionality and as consequence

does not impact their control design.

3.4.2.3 New requirement

The Princess Elisabeth Zone offshore wind park shall be able to adapt its injection of reactive power at
the connection point (Q 66kV) when a change in voltage happen at the HV side of the Three-Winding-
Transformer (3WT) to which it is connected (V 220kV) according to a droop curve as shown in the Figure
51. To allow this, the measure of the 220kV side of the 3WT to which the offshore wind park is connected
is made available to the wind park controller by Elia. A dead band function is added to the curve to allow

robustness and limit potential interaction with other offshore wind farms.

Figure 51 : lllustration of the new voltage-droop control requirement

The control should be made:
¢ Independently for each 3WT. The 66kV feeders connected to each 3WT shall react to the HV
voltage measure of the transformer to which they are connected;
e Automatically in case of slow or fast variations of the grid voltage. This must happen according to
a reactive droop/slope curve;
e Through change of the controller set-point on request of the Transmission System Operator.
This request is quantified in MVAr measured at the connection point. The change of setpoint shall

be initiated immediately after reception of the request;
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e Reactive power exchange with the TSO network to control the voltage covering at least the reac-
tive range should be in steps not greater than 1 MVAr.

The droop will be agreed between the Transmission System Operator and the wind park operator (to be
defined during system studies to be performed during connection process before first energization) so

that «,,ies between 18 and 25, as expressed in the following:

( AQnec >
_ \0a5xP,,

Xeq™ ~ ( AUpe: )
Unorm,exp
Where

- Upet is the voltage measured and transmitted to the wind farms (HV side of the 220kV/66kV/66kV
transformer);

- Unormexp™’ i the normal exploitation voltage of the (HV side of the 220kV/66kV/66kV transformer);

- Quet is the injected reactive power measured at the Connection Point;

- Pyom is the nominal capacity of the PPM.

The «,, values can be transformed and are hence totally in line the value of a slope having a range of

at least 2 to 7% as is mentioned in RfG art. 21.3d(ii).

In case and only in case of forced outage of a 220/66/66 kV transformer, as part of resilience solution, the
wind turbines initially connected behind the lost transformer shall have the possibility to be connected via

other transformers.

The design should then allow as MUST HAVE :

1) Operate this group of wind turbines in Q control;

2) Remotely control or limit the active and reactive power together with the other wind turbines con-
nected to the same 220/66 kV transformer.

The design should then allow as NICE to HAVE:
1) Operate this group of wind turbines in V droop control of the 220kV side of the new transformer be-

hind which they are connected.

17 For Princess Elizabeth Island, the Unorm,exp shall be 225kV
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The application of the resilience solution might require manual actions to adapt control mode or adjust

measurement references of the control of the concerned wind turbines.

3.4.3. Offshore wind farm behaviour for reactive power set-point re-

ception

3.4.3.1 Existing requirement

No detailed requirement has been defined in the existing Federal Grid Code (FGC) or Requirement for

General Application (RfG).

3.4.3.2 Reason for modification and impact on the design

The absence of this requirement can bring uncertainty and additional costs for the wind park developer
during the implementation and commissioning phase of the wind park control system. The impact on the

design is minimum as this functionality has been already implemented for the MOG1 wind farms.

3.4.3.3 New requirement

The wind power park controller shall be able to receive a MVAr setpoint for each 3WT 220/66/66kV to
which it is connected. When the setpoint is received, the wind park controller shall immediately switch
control mode towards Q- reactive control mode and adapt its reactive power injection at the connection
point to the newly received MVAr setpoint value. Once the set-point is reached, the wind power controller

shall return to the voltage control mode that was active before the receival of the MVAr set-point.

3.4.4. Possibility to remotely switch the reactive power control mode

3.4.4.1 Existing requirement

There is currently no specific requirement relative to the remote change of reactive power control mode in
the Federal Grid Code (FGC) or the Requirement for General Application (RfG).

3.4.4.2 Reason for modification and expected impact on the design

In specific conditions (e.g., loss of transformer, operation in antenna on the HVDC), the control mode of
the wind park shall be modified. The modification of control mode is a normal functionality of all the power
park controllers currently on the market but is currently performed by an operator on the wind power park

control console.
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To allow faster change of control mode (i.e., without human intervention of the wind park operator) it is
required to allow an automatic remote change of control mode following a request from Elia.
It is considered that the addition of this functionality will not have major impact on the design of the wind

park control system.

3.4.4.3 New requirement

The wind power park controller shall be able to switch reactive power control mode in a bump-less way
following an instruction of the Elia control center between the following ones:
e Voltage droop control mode;

e Constant reactive power control mode.

3.4.5.1 Existing requirement

No dedicated requirement is present in the current version of the Federal Grid Code (FGC) or the Re-
quirement for General Application (RfG).

3.4.5.2 Reason for modification and expected impact on the design

This requirement was present in the requirement for the MOG1 wind farms, but not present in the current
version of the FGC. As the existing offshore wind park can comply with this requirement, it is considered
that the new ones will be also able to comply as well without impact on their design or costs. It is added to

increase clarity in the performance requirement of the offshore wind farms.

3.4.5.3 New requirement

For automatic voltage control and manual set-point change (on request of the Transmission System Op-
erator), the response profile (Figure 52) of the controller has to fulfil the following requirements (where 1

p.u refers to the MVAr target value).
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Voltage

Overshoot
Steady state error margin

09 /

Tr Ts Time

Figure 52 : lllustration of the dynamical performance of the voltage controller of a wind park

The settling time Ts must be lower than 10 s. This time includes the reaction time “Tr’ in case of auto-
matic voltage control;

The reaction time Tr shall be in the range of 1~5 seconds and cannot be in conflict with the settling
time requirement;

The controller must ensure that the voltage at the Connection Point is controlled with a minimum ac-
curacy of 0.5 % of the Unorm,exp (i.e. steady-state error margin of the voltage) or lower than 1 MVAr
(at the connection point);

The overshoot has to be as small as possible and, in any case, not be larger than the steady-state
error margin;

The steady-state reactive power control tolerance shall be not greater than 5 % of the full reactive
power or 1 MVAr (the lowest one of the two);

Setpoint change shall be achieved in steps not greater than 0.5% of the reactive range or 1 MVAr
(the highest of the two);

Damping ratio must be provided for any appearing oscillation higher than 5% as per small-signal sta-
bility compliance;

Active and reactive power control should be decoupled in the sense that a change in the reactive
power should not have an impact on the active power and vice-versa (e.g. through automatic adapta-

tion of the grid’s R/X ratios).
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3.5. Clarification technical requirements for stability and robustness

3.5.1. Capability to deactivate fast reactive current injection

3.5.1.1 Existing requirement

No dedicated requirement is present in the current version of the Federal Grid Code (FGC) or the Re-

qguirement for General Application (RfG).

3.5.1.2 Reason for modification and expected impact on the design

Depending on the system topology, it will be needed to disable the fast reactive current injection function-
ality between different mode of working (e.g. when connected to the DC side of the Princess Elisabeth
Island (PEI) vs. when connected to the AC side of the PEI). The change of topology shall be performed in
a reasonable time considering the delay for the operator to perform the deactivation. There is not strict
maximum time required. and for this reason, it is proposed to allow the deactivation/activation of the fast
reactive current injection via a command of the operator of the wind park (i.e. without the intervention of

the wind park manufacturer).

Such a change of topology has to be foreseen to enable an evolution to a single node operation (see
Section 2.3), but also to enable a certain flexibility in the operation of the Princess Elisabeth Island (e.qg.
change of topology could be considered in case of long lasting outages of some assets). No predefined
scenarios are established considering the multiplicity of cases. Such changes of topology will require ad
hoc discussions among the concerned parties and Elia.

3.5.1.3 New requirements

An offshore wind park connected to the PEI shall be able to deactivate the fast current injection via a

functionality of the control system of the installation.

The disable/enable shall be performable remotely by the wind park operator, ideally during normal opera-

tion of the wind park (without restarting the installation).
3.5.2. High voltage fault-ride through

3.5.2.1 Existing requirement

No requirement for High Voltage Fault Ride Through (HVFRT) is currently presented in the Federal Grid
Code (FGC) or Requirement for General Application (RfG).
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3.5.2.2 Reason for modification and expected impact on the design

A high concentration of power-electronic based devices such as the offshore wind farms on the Belgian
coastal area may cause, when subject to severe system fault, a temporary overvoltage (in the range of
hundreds of milliseconds) at fault elimination. This over voltage is rapidly reduced and offshore wind
farms are able to return to normal operation after it if they are able to withstand this temporary over volt-

age. An illustration of a simulated temporary overvoltage is shown in Figure 53.

Most of the recent wind farms are already compliant with this requirement. In addition, this requirement is
already requested in other countries grid codes (e.g. German) and is foreseen to be included in the next
EU NC RfG.

This requirement is considered to not have an impact on the cost as it is already a ‘de facto’ standard al-
ready implemented in commercial wind turbines and it enhances the system stability and robustness of

the installation to voltage fast variations.

In fact, if the wind park would not be able to withstand the voltage profile, it would be disconnected caus-

ing a system unbalance and loss of revenues for the park itself.
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Figure 53 : Simulation of a temporary overvoltage as consequence of a system fault
3.5.2.3 New requirement

The Princess Elisabeth Zone offshore wind park shall be capable of staying connected to the grid during
fast transient high voltages for which the profile of the phase-to-phase voltage versus time in any phase is
referred below as High Voltage Fault-Ride-Through (HVFRT). It is recommended however to remain con-

nected as long as the technical capability of the network element would allow.
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The proposed Fault-Ride-Through parameters are presented in the Figure 54 below. A voltage U=1 pu
represents the rated voltage (phase-to-phase) at the connection point, i.e. the 66kV busbar. The same

profile applies for asymmetrical faults.

Urecf

2
i~

Figure 54 : Profile for High Voltage Fault Ride Through (HVFRT) for PEZ offshore wind park

Moreover, the wind park shall be able to reduce its active power down to a level agreed between the wind
park operator and the Transmission System Operator.

The reduction of active power should be performed with a slope of at least 10% of Pnom per minute; this
shall be achieved without disconnection from the network.

An activation/deactivation signal of the power reduction request shall be foreseen between the Transmis-
sion System Operator’s dispatching center and the wind park operator, the activation signal includes the
requested active power set point.

3.6. Additional requirement for active power forced oscillation

3.6.1. Introduction and context

External phenomena like fluctuations of wind and waves are generating mechanical stress which causes
fatigue loads on the wind turbine towers and foundations. This mechanical stress might significantly re-

duce their lifetime and even lead to wind turbine disconnection if not sufficiently damped.
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Figure 55 : Forced oscillation phenomena with mechanical and system consequences

Today, 2 approaches exist to provide the damping: passive damping or active damping:

1) Passive damping is mainly based on structural solution at the level of the wind turbine and does not

have any impact on the electrical system, but represents more expensive design for the offshore wind

constructor;

2) Active damping is a cheaper solution, Side-to-Side Tower Damper (SSTD), that uses electrical

torque to reduce the side-to-side tower movements caused by wind and waves fluctuations.
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Figure 56 : Mitigation measures for forced oscillation with passive damping vs active damping for offshore
wind park and respective impact on electrical system

The torque-based control of the SSTD results in active power variations which causes forced oscillations
in the electrical system in the frequency range of [0,1 — 0,3] Hertz. This corresponds to the frequency
range where interarea oscillations can also occur in the system, exposing the interconnected transmis-
sion system to risk of material damage, frequency or voltage collapse or cascading event resulting in sys-

tem split up to partial or global black-out.
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Simulation and precise numerical quantification of such a risk is still seen as not possible by ENTSO-e
experts. Nevertheless, several experiences in the world and within ENTSO-e have shown that forced os-

cillations negatively impact and excite existing inter-area modes.

The current version of the European or Belgian grid codes does not make any explicit reference to forced
oscillation in transmission system, which led to divergent and opposite interpretation between TSOs and
wind turbine manufacturers. From a TSO perspective, this is interpreted as in the sense that no forced
oscillations are authorized in transmission system. From wind turbine manufacturer, this is interpreted in
the sense that nothing is preventing them for developing solution which might create forced oscillation. An

explicit requirement is providing a more certain way forward for all parties.

In the scope of the amendment process for the Requirements for Generation (RfG) network code initiated
by ACER, ENTSOE and Wind Europe, with the support of TSOs and wind turbine manufacturers, have
developed a common proposal for criteria defining acceptable forced oscillation in transmission system
resulting from the application of active damping during operation of large offshore wind farms. This joint
process between TSOs and wind industry at EU level led to a fair compromise and is a significant relaxa-
tion with respect to the strict interpretation of the TSOs that no forced oscillations was allowed at all. Note
that this requirement only concerns Forced Oscillation, i.e. oscillation which are not due to electrical part

of the installation. Of course, the control of the inverter cannot lead to instability or undamped oscillation.

Furthermore, the first assessments show that existing Belgian offshore wind farms are broadly compliant,
and hence the new farms should be able to reproduce at least similar performance. It is therefore pro-
posed to anticipate the legal process for the amendment of the RfG at EU level and to clarify these crite-
ria for forced oscillation as additional requirements for the PEZ tenders. This provides further certainty for
all bidders compared to an absence of explicit requirements.

As the active power forced oscillation shall be monitored at the level of the Access point of the wind park
owner, it will allow the OEM of the park to develop strategies to benefit from the aggregation of the indi-

vidual impact of each wind turbine.

The draft addition related to RfG NC is detailed in the box hereunder. The same requirements will be ap-

plied as additional requirements for the PEZ tenders with consideration of the default values.
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Final proposal from ENTSO-E/Wind Europe towards ACER on active power forced os-
cillations for offshore wind farm in the framework of amendment process for RfG

[Offshore] Proposed addition to RfG NC Article 26 - Robustness requirements applicable to AC-
connected offshore power park modules

Outside of the frequency range between 0,1 Hz and 2,0 Hz, the system stability requirement laid down

in Article 21.4 shall apply to AC-connected offshore power park modules.

In the frequency range between 0,1 Hz and 2,0 Hz, the control systems and design characteristics of
an AC-connected offshore power park modules shall be subject to the following requirements relative
to the total active power and current forced oscillations, when system conditions are within the fre-

guency ranges and voltage ranges as specified as withstand capability in the General Requirements

for Generators:

(a) The forced oscillations shall not exceed continuously the maximum of:
(i) a limit in the range of +/- 0,5% to +/- 2% of the actual value, as defined by the relevant
TSO. The default limit shall be +/- 1%.
(i) a limit in the range of +/- 0,25% to +/- 1% of the maximum capacity, as defined by the rele-
vant TSO. The default limit shall be +/- 0,5%.

(b) In case that the limits defined in (a) are temporarily exceeded, forced oscillations shall:
(i) not exceed a limit in the range of +/- 2,5% to +/- 5% of the maximum capacity, as defined
by the relevant TSO. The default limit shall be +/- 4%
(i) be within the limits defined in (a) within a range of 100-180 seconds, as defined by the rele-
vant TSO. The default limit shall be 180 sec.
(iif) be damped to be lower than 50% of the limit specified in (i) within 50% of the time limit

specified in (ii).

(c) While always respecting the criteria defined in (b), temporarily exceedance of the limits defined in
(a), not considering oscillations that are damped to be within the limits within 10 seconds, is allowed
for:
(i) a maximum percentage of time per day, as defined by the relevant TSO in a range between
1% and 2%. The default limit shall be 1%.
(i) a maximum in a range of 2-4 times per hour, based on the range of the 85th to 95th per-
centile of hourly exceedances measured over one week, as defined by the relevant TSO. The

default maximum shall be 3 times and default percentile shall be 95.

(d) Forced oscillations originated from system support requests by the relevant system operator, such

as power oscillation damping, are excluded from this requirement.
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3.7. Clarification on resynchronization and island operation needs

3.7.1. Existing requirement

The existing requirements to take part to island operation and quick resynchronization are to be defined
on a case-by-case approach as described in art 15.5(b) and 15.5(c) of the EU NC RfG regarding capabil-

ity.
3.7.2. Reason for modification and expected impact on the design

Considering the characteristics of the units and their prime mover, it is considered not feasible that the

units connected to the PEI would take part to island operation (i.e. without external reference of voltage).

The response time after a disconnection is proposed to be 30 minutes. This is considerable acceptable
for the technology of offshore wind farms as no complex thermal processes (as in the case of classical
synchronous units) are involved in the operation. Hence they shall have the capability to restart within 30

minutes.

This does not mean that all wind turbine generators (WTGs) should be available. There are no imposition
for a minimum amount of active or reactive power. Elia understands that some individual WTGs might
face an unforeseen problem. But this should be an exception. A situation where all WTGs are not able to

synchronize is not acceptable.

The re-energization of the PEZ will be realized by Elia only when the main grid is sufficiently strong to ac-

cept blocks of 50 MW wind injection in a stable way.

Before reconnection of the OWF, an oral communication should take place between the control center of

Elia and the OWF, through a black-out proof voice communication system.

The wind park shall be able to detect house load operation not only using the position of the switchgear of
Elia but when the external system voltage reference is lost. The above-mentioned specific conditions do

not impact the design of the wind park as they are within the current state of the art of offshore wind.

3.7.3. New requirement

The following clarifications are foreseen:

1) The offshore wind park connected to the PEI are not required to take part to island operation;
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2) The quick re-synchronization must be such that the offshore wind park can resynchronize and
restart production after 30 minutes from the disconnection from the network;

3) The units shall be able to detect house load operation when the system voltage (reference) is
lost, and not only using the position of the switchgear of Elia;

4) Taking into consideration the prime mover characteristics, no minimum house load operation time

is required.
3.8. Clarification technical requirement for the conformity process

This document presents an improved conformity process applicable to all Power Generation Module
(PGM) connecting the Belgian transmission system. The objective of the improvement of the conformity
process is to ensure secure and stable operation of the Belgian transmission system, necessary to limit
risk of damage or lifetime reduction of grid user or network installation or severe disruption in the supply
of energy, while securing a proportionate, balanced and timely FON delivery process for each new con-
necting PGM independently from the order they are connecting to the grid. The following subsections dis-

cuss:
1) Detailed gap analysis of current and likely future practices and associated challenges.

2) Benchmarking against other jurisdictions with high penetration of IBRs.

3) Guidelines determining the suitable pathway for conformity assessment of each new PGM con-nection.
4) The proposal for an improved conformity assessment process.

5) The application of this new process to the conformity of the connection of OWFs to the Princess Elisa-
beth Island.

3.8.1. Detailed gap analysis of current and likely future practices and

associated challenges

3.8.1.1 Current state of conformity assessment in Belgium

This section describes the current state of application of conformity assessment for the connection of new
Power Generating Modules (PGMs) in the Belgian Transmission System using RMS simulation based Sin-
gle Machine Infinite Bus (SMIB) approach. The current conformity process for the connection of a PGM is

based on 3 main process parts: EON, ION and FON.

3.8.1.1.1. Compliance process part 1: Elia requirements to deliver the EON

The client needs to perform the following tasks to receive the EON from Elia:

1) Data questionnaire completed and reference simulation models validated
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2) PGM internal statement of compliance (RGIE, PCC requirements,...)

3) Statement of compliance delivered by proof/documentation:

a)
b)
<)
d)

e)

Voltage and frequency performance

Telecommunication — information exchange

balancing (type C only) — ex: power gradients

Compliance to power quality requirements (if requested by Elia)

Emergency and restoration — reconnection requirements

3.8.1.1.2. Compliance process part 2: Elia requirements to deliver the ION

The client needs to perform the following tasks to receive the ION from Elia:

1) Statement of compliance via simulations and studies for some requirements & delivery of simulations

updated models;

2) Presence of a disconnection relay for distributed generators only;
3) Planned test.

3.8.1.1.3. Compliance process part 3: Elia Requirements to deliver the FON

Finally, today, the client needs to perform the following tasks to receive the FON from Elia:

1) Statement of compliance via tests for:

a)
b)
c)
d)
e)

Voltage and frequency performance;
Telecommunication - information exchange;
balancing (type C only) — ex: power gradients;
Power quality tests (if requested by Elia);
Emergency & Restoration.

2) Adaptation of data questionnaire and models previously sent if needed.

All the relevant reference documents describing the requirements to be met, the general principles of the

conformity process, including general description of simulation and tests that will need to be performed

are provided at the end of the detailed study done by Elia (EDS). A specific conformity kick-off meeting is

then organized by ELIA when the Client has ordered the realization of the project, following which Elia

provides detailed check-list and information specific to the connection case (reference voltage, minimum

and maximum short-circuit power (Scc) at connection point,...), and Scc to be used to model the grid in

the simulations.
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Current conformity process

EDS o Stage 0 Pre-requesites : provisionof general documentation &
w 9 preliminary relevant system information
Energization Operational Notification (EON) Stage 1 Kick-off & System op genvelope req s
m
Q
=
Proof of compliance, Data & model provision
Stage 2 and validation
Interim Qperational Notification (ION) Stage 3 individual confarmity assessment (SMIB)
g o individual SPGHPPWSPM wilin the control area
Stage 4
Final Operational Notification (FON) Stage 5 Commissioning and compliance testing
; o PPMISPM test
o Madel wakdation
(- ] Staged tests

Figure 57 : Current conformity process in Elia for PPM

In order to receive the Interim Operational Notification (ION) that will authorize the unit to be connected to

the grid, each new PGM needs to satisfy to a conformity assessment based on the following principles:

1

2)

3)

4)

5)

6)

Currently power system studies for assessing the conformity and performance of the design of each
new PGM installation is carried out without accounting for the dynamic response of the existing or
future nearby generation and network assets;

The wider power system is represented with static data on Min/Max Short Circuit Current (SCC)
range at the connection point. The SCC range is generally associated with a certain time in the fu-
ture at which the PGM is anticipated to connect to Elia’s power system;

Grid connection studies are fully handled by the connecting party (often via their consultants) using
the above simplifying assumptions;

Whilst the connecting party might perform studies using the more detailed Electromagnetic Transi-
ent Simulation (EMT) simulation to better inform their design, they are only requested to submit
study results to Elia with the simpler Root Mean Square (RMS) model in PowerFactory;

Once the study report is received from the connecting party, Elia will then assess the connection
application in line with RfG general requirements, only based on PowerFactory (RMS) results and
without integrating the PGM model into the wider Belgian power system model;

Up to 2023, acceptance testing and verification of the dynamic models to ensure sufficient robust-

ness, accuracy and adequacy before their use was not subject to a formal process.
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After having received their ION status:

1) Gride Code compliance tests are done following Elia’s approval of the RMS studies, conducted by
the connecting party. These tests typically comprise the application of small-disturbances such as
set-point changes within the PGM installation, or forced system disturbances such as shunt reac-
tor/capacitor activation/deactivation and transformer and line switching. System disturbances are
often executed by Elia as they will typically involve the use of the equipment in the wider power sys-
tem. Results are then plotted and submitted to Elia to demonstrate compliance and to indicate po-
tential performance anomalies and non-compliances that might not have been identified during the
modelling stage. After successful application of these tests, the PGM will receive its Final Opera-
tional Notification (FON);

2)  Ongoing performance of individual generators, and the accuracy of their simulation models is only
investigated when there is a major system event or strong indication of actual non-compliances.
Again, up to 2023, validating PGM models against staged tests or measured system disturbances is
restricted to those facilities providing ancillary services and does not form an integral part of the

overall approval process Elia need to grant to all PGM projects.

Figure 58 summarizes the SMIB approach described above. As reminder, this approach is acceptable for
connection of synchronous machine or power park modules connected to strong grid, but becomes insuf-
ficient to cope with the challenges/trends leading to new power system stability phenomena that the Bel-

gian power system will face.

i
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ystem strength
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conformity process in Elia
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Conformity based on steady-state and RMS simulation

Figure 58 : Current practice for simulation based conformity assessment in Elia
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3.8.1.2 Main technical challenges to reach the (ideal) solutions

As already stated, the objective of the improvement of the conformity process is to ensure secure and
stable operation of the Belgian transmission system, necessary to limit risk of damage or lifetime reduc-
tion of grid user or network installation or severe disruption in the supply of energy, while securing a pro-
portionate, balanced and timely FON delivery process for each new connecting PGM independently from

the order they are connecting to the grid.

In this section, we are presenting the main challenges related to the needs and constraints that the pro-

posed improvements will have to address. These challenges are illustrated in the Figure 59.

Improve conformity assessment and monitoring for power generation module (PGM) to ensure

Tar . ;
arget > reliable and stable operation of the system
Challenges
Modelling \615/ Legal and regulatory Future power system
[ Corsderaon o P esrctions for 7 Doveop models and methodologles o
parties in access to more data a predict a range of fulure power syslem

performances
Wide-area EMT model development
ncluding relevant parts of other
countries Develop solution which respects Capability to adapt PGM
responsibiities of each party performance and settings if needed
(EliaiTSO, PGM and EOM) after commissioning

Figure 59 : Categories of challenges to develop an improved conformity assessment process
3.8.1.2.1. The need for more detailed modelling and simulation tools

Worldwide experiences indicate that RMS power system stability analysis tools have often not been able
to predict phenomena associated with IBR control system response which is due to the inherent simplifi-
cations in these tools. The consequence of this inability to predict the problems during the design of the
installation is that problems might be first experienced during actual power system operation, at which
point it is more difficult to address and more disruptive and costly to the connecting party, i.e., if the sys-
tem operator or network owner needs to invoke a constraint to pre-empt the impact on power system sta-

bility or nearby network users.

Another approach previously adopted in countries without access to detailed EMT modelling is conserva-
tive power system operation, where the power system is purposely operated below its transfer capability
to cater for the occurrence of unknowns in the absence of accurate answers based on accurate models.

This is an equally inefficient approach and at present impractical to determine with sufficient accuracy.
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Detailed wide-area modelling, using EMT tools and representing explicitly most parts of the power system
with dynamic models, has therefore been increasingly used in recent times in particular in countries/re-
gions with higher IBR penetration to address the problems discussed above. In Belgian context, this will
mean EMT model of sufficient part of Belgian transmission system and possibly a portion of nearby coun-
tries. However, noting the significantly meshed nature of Belgian power system and nearby countries, a
further challenge arises in determining the boundary of the power system to be chosen for the analysis to
allow a trade-off between good accuracy (not missing any plant of significance) and speed (not including

power system plant or network without any impact on the dynamic response of the area of interest).

This detailed wide-area modelling will facilitate accurate long-term power system planning allowing the
identification and resolution of new and emerging phenomena before they manifest in real power system
operation. It will also permit a more accurate, albeit more in-depth, assessment of the impact of connect-
ing new IBRs on power system planning and operation. This detailed modelling will also facilitate better
understanding of the performance of emerging technologies such as grid-forming inverters and how they
can be best designed to meet emerging power system needs and technical requirements in power sys-

tems with significantly higher IBR penetration.

However, detailed wide-area modelling and simulations, especially EMT ones, are more time and re-
sources consuming. This means the improvement of the conformity process will need to address in a pro-
portionate way, depending on the type and size of the PGM, when and how detailed wide-area modelling

will be needed.

3.8.1.2.2. Legal and regulatory challenge to use same source of truth for de-

tailed modelling information

Detailed EMT model are usually an one-to-one representation of the actual controls used in the real prod-
uct. As such Original Equipment Manufacturers (OEMSs) are reluctant for that other parties to access their

detailed models, and associated control loops and parameters.

Often Elia can only observe a problem caused by multiple IBRs but cannot determine the extent of partici-
pation form different plants or the root cause(s). This is because Elia can only receive an encrypted

(black-box or grey-box) model.

Elia, or their consultants via a Non Disclosure Agreement (NDA), are the only entities with legal access to
the full wide-area model of Belgian power. When only receiving limited and simplified information about
the power system around their connection point, the Developers/OEMs may not often be able to antici-
pate or replicate the problem Elia observes due to the absence of dynamic models for other generators in

their studies.
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This means that the conformity process needs to be improved in the way to provide Developers/OEMS
access to more detailed information of the relevant grid element around the connection point and accu-

rate model in term of its dynamic behavior.

3.8.1.2.3. Challenge on continuously evolving power system and generation

during the lifetime of the generation facility

Once their FON is granted, generators will likely have an expectation that they should be protected
against future changes in the power system and generation mix, even if they are the key contributors to
an instability that did not exist until new generators are included in the overall power system. The Evolu-
tion of the system and integration of new assets might have a strong impact on global dynamic perfor-
mance which cannot be always mitigated by sole adjustment of the dynamic performance of the last
comer(s). Moreover, when the observed instabilities require installation of a solution, solution installed in

the wider power system could be more optimal and provide benefit to multiple generators.

This means that the conformity process needs to consider the following aspects:

* The conformity process ensuring that any new entrant generators can use the available system
strength in a proportionate and balanced way taking into account existing and future concurrent

connections;

« the conformity process should not only focus on the expected year of connection of the PGM, but

should also account with different combinations of anticipated generator commissioning and re-

tirements/withdrawals expected to occur in other future years reasonably known to Elia with clear

role and responsibilities defined for each parties;

»  After the FON is granted to the PGMs and during the ongoing lifetime of the PGM installation,

ELIA should have possibility to expect from the already connected generators, under reasonable

conditions, to adjust their settings and even perhaps control modes to optimize the global system

performance.

3.8.2.1 Introduction

Very few countries/regions have already implemented improved solutions. The most similar countries to
Belgium such as Denmark and UK are at approximately the same level of reflection than Belgium with
regard to the use of EMT modelling for wide-area system stability studies and for developing the neces-

sary solutions.
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Experiences gained from two separate large system disturbances in Texas, referred to as Odessa’ , has
shown modelling and process deficiencies even in regions with long history of wide-area EMT modelling
and studies. Australia and to lesser extent France have also been using wide-area EMT modelling, how-
ever, these countries are fundamentally different to Belgium, also noting that in France EMT modelling is

focused on specific sub-regions.

Whilst Australia is probably at the forefront of the use of EMT modelling for developing the necessary so-
lutions, the number of ongoing initiatives to improve the processes and approaches is a testament of the

need for further improvement, and that Australian experience can only be of partial assistance to Elia.

3.8.2.2 TSO knowledge sharing and benchmarking workshop

On 31 March 2023 Elia organized a workshop with other European TSOs to discuss best practices for
conformity assessment of large inverter-based resources (IBR) especially for areas with concentration of
these devices. The workshop was attended by 50 Hz, Eirgrid, Energinet, Fingrid, TenneT (Netherlands),
The National HVYDC Centre (UK), and Aurecon (assisting Elia).

As main outcome of this workshop, it was unanimously agreed that "Process development for assessing
and approving the model and performance of new connected PGMs” has the highest importance for all
countries represented. As a starting point, a high-level proposal defining the key distinct stages for as-
sessing and approving PGM conformance has been proposed. A 5 steps process was then developed,
with input from participants, as shown below. It was discussed that some of these steps do not currently
happen but would be required moving forward with increased penetration of inverter-based resources in
close proximity.

This is to set out a range of plausible power system operating conditions for the current power system
and moving forward upon which the PGM performance should be assessed. Various scenarios with

different generation mix and network operating conditions shall be defined.
This is to ensure that models provided are robust and give rise to reasonable performance for the

specific site under consideration rather than assessing their compliance with various aspects of tech-

nical performance standards.

Primarily SMIB studies with both RMS and EMT models, and potentially some wide-area studies

but looking at the performance of one PGM only. This step is always needed.
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Primarily wide-area studies with wide-area RMS and EMT models of the TSO’s power system
(or sufficient part of it) looking at the performance and interaction between multiple PGMs within

TSO’s jurisdiction. This step is needed if there are multiple large IBRs nearby.

The same as above, however, the wide-area power system models used will include a represen-
tation of power systems of two or more TSOs as relevant. This step is not currently possible due

to significant modelling efforts and multi-TSO coordination and will be a mid-term goal.

Determining the need and effectiveness of control system tuning, or the installation of synchronous
condensers or grid-forming inverters if an instability is identified from the studies conducted in any or

all of stage 3-5.

This often comprises the application of small disturbances that will be observable by multiple PGMs.
The objective is often to assess the collective performance of multiple nearby PGMs. Where possible

response to a range of system operating conditions, e.g., high and low system strength, is assessed.

Validation of the model received.

The outcome of the activities highlighted in Chapter 3 including the knowledge sharing and benchmarking
workshop with other TSOs has allowed Elia to further think and mature its enhanced conformity assess-

ment process and various stages involved.

The objective Elia has followed when defining the improvements of the conformity process necessary to
cover the challenges, constraints and needs presented in the previous chapters was to ensure secure
and stable operation of the Belgian transmission system, necessary to limit risk of damage or life time re-
duction of grid user or network installation or severe disruption in the supply of energy, while securing a
proportionate, balanced and timely FON delivery process for each new connecting PGM independently

from the order they are connecting to the grid.
Some further investigations and analysis, with adequate justification in case several options where identi-

fied, have been done in order to detail the actions, criteria, role and responsibilities to be considered in

each stage, especially for topics which are new or slightly different from current practice.
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The network code Requirements for Generators foresees that, depending on the type of power generat-
ing unit, grid users will have to perform simulations to prove its conformity. The Network code doesn’t ex-
plicitly define which kind of simulation is required. As already explained, in order to ensure secure and
stable operation of the Belgian transmission system, necessary to limit risk of damage or lifetime reduc-
tion of grid user or network installation or severe disruption in the supply of energy, it is of upmost im-
portance to correctly assess the risk of new stability phenomena arising in case of concentration of large
IBRs or HVDCs. The assessment of these phenomena cannot be obtained via only SMIB RMS based
simulation and require wide-area network-based simulations. This section presents the criteria to decide
on the need for individual SMIB based or collective wide-area based conformity assessment as shown in

Figure 60.

Four types of assessments are envisaged depending on the criteria met:
1) SMIB RMS based assessment;
2) SMIB EMT based assessment;
3) Wide Area RMS based assessment;

4) Wide Area EMT based assessment.

It is noted that these criteria have been developed with a view on the future evolution of Belgian and inter-
connected EU power systems in mind where more and more IBRs are expected to be connected. Moreo-
ver, the criteria have been defined and quantified in order to deviate as less as possible from the current
conformity practice and remaining proportionate to the impact on the risk for secure and stable operation

of the Belgian system that the size and concentration of connected IBRs might represent.

The following criteria are considered for the determination which kind of simulations a new PGM shall un-

dergo in order to prove conformity:

1) SPGM/PPM/SPM type: Type A, B, C and D SPGM, PPM and storage as defined in the Belgian reg-
ulation;

2) SPGM/PPM/SPM size: the 1MW, 25MW and 75MW threshold, already applicable for the Type of
PGMs will be considered,;

3) An aggregate SCR index: Index aiming at screening the risk that close-by PGMs, synchronous con-
densers or HVYDC might affect stability performance of the power system and will require wide-area
network simulation to be assessed. The aggregate SCR is a variant of the MIESC (Multi-Infeed
Equivalent SCR) where the main reason for the difference was to simplify the way to compute while
keeping the spirit of the screening index. The aggregate SCR uses the voltage difference to facili-
tate selection of plants of relevance/importance based on a deterministic criterion. This approach

aims at considering the specific characteristic of the Belgian power system due to the small and
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concentrated size of the power system, with no radiality in the system. Moreover, the proposed ag-
gregate SCR has been developed with the support of one of the lead author of several CIGRE bro-
chures dealing with the SCR question. The screening index is based on a list of relevant assets
identified based on their relative size and relative electrical distance. The screening index is ex-

pressed as follow:

Scc;
[Snomi + X MIIFj; * Snomj]

Where

- Snomi: Nominal Apparent Power of Assessed SPM/PPM;

- Scci: Minimum short circuit power at connection node of Assessed PPM/SPM;

- Snomj: Nominal Apparent Power of Relevant Assets;

- MIIFij: Voltage dip on connection node of relevant PPM/SPM j in case of 3-phase metallic short circuit
on connection node of Assessed SPM/PPM as a representation of the relative electrical distance be-

tween the assets.

And where the determination of the Relevant Assets is based on:

a) SPGM/Synchronous condensers where Scc, spgm, | >= 10% Scci with Scc, spgm = Scc contribution
of relevant SPGM to Scci;
b) HVDC/PPM/SPM where MIIFij*Snomj > 10% Snomi AND MIIFij > 10%.

Based on these criteria, the following conclusions were drawn:

1) No simulations are required for Type A PGMs;

2) All Type B, C and D PGMs shall be requested to perform individual conformity assessment via SMIB
RMS based simulations;

3) All Type C and D SPM/PPM shall be requested to perform individual conformity assessment via
SMIB RMS and EMT simulations;

4) All Type C and D SPM/PPM with a size above or equal to 75MW and in a situation where the aggre-
gate SCR is below 3 shall be requested to perform a collective conformity assessment via Wide Area
RMS and EMT based simulations.
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Figure 60 : Criteria to decide on individual or collective conformity assessment for PPMs/SPMs

These criteria and results shall be first applied by Elia during the EDS phase, and then they shall be com-
municated to the client as information part of the “stage 0: prerequisites for the conformity process”. A re-
assessment and formal definition shall then be applied by Elia during the stage 1 of the conformity pro-

cess aiming at defining the System operating envelop.

3.8.5. Modelling of the SMIB network for individual assessment

In all cases where conformity requires simulation-based assessment, an individual assessment of the re-
quirements’ performance of the installation shall be performed on a SMIB network model, as it is already

currently the case.

In case no relevant asset has been identified, the SMIB model shall be composed of an infinite bus con-
nected to the grid behind an equivalent impedance computed based on the Sccmin and Sccmax at the con-

nection point of the installation.

In case relevant assets have been identified, justifying a collective assessment on top of the individual
one, these relevant generations shall be considered in the following way in the SMIB network model for

the individual assessment:

1) In case of similar type of generations connected on the same node, those generation shall be ex-
plicitly modelled using sized identical model of the installation of the under conformity assessment;

2) In case of different types of generation connected to the same node or in case of different connec-
tion node, their impact shall be considered in the in the value of the equivalent impedance. The
equivalent impedance shall be computed has being the inverse of the Aggregate SCR used for the

definition of the individual or collective assessment.
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On top of the usual proofs of evidence that the Client shall provide during the EON phase, the Client shall
also provide to Elia data and model of its installation allowing representative RMS and EMT simulations.
The details of these data and model to be provided and the process to validate or update this information

during the conformity process are described in Section 3.9.

In the other way round, Elia shall provide following information, data and model allowing the Client and
OEMs to better estimate the effort and perform the required simulations ensuring an optimal design of

performance of its installation accounting for the characteristic of the surrounding grid:

1) A document with the list of requirements applicable to offshore OWFs and the way conformity will
need to be proven in the EON, ION and FON parts;

2)  Minimum and maximum Short-circuit power at the connection point;

3)  When applicable, anonymized list of Relevant HYDC/PPM/SPM assets as identified for the collec-
tive assessment determination with their Snom and MIIFij characteristics;

4)  When applicable, anonymized list of Relevant SPGM/Synchronous condensers with their contribu-
tion to the Short-circuit power at the connection point;

5)  Minimum and maximum Aggregate SCR;

6) Rough estimation of number of scenarios and events to be simulated in RMS and EMT in wide area
and rough estimation of simulation time;

7)  SMIB model in Power Factory and PSCAD and access to the Wide Area Network model.

A stable behavior of the transmission system is not only in the interest of ELIA but also in the interest of
any Grid users. As already explained, the stable behavior of IBRs is highly linked to the design and tuning
of its controls. In case of high concentration of IBRs, this design and tuning cannot be done efficiently
without taking into account the impact and interaction with closed-by large converters. This impact and
interaction cannot be captured in a Single Machine-Infinite Bus model. This is why ELIA concludes that
for the conformity ensuring stable behavior of the installation, SMIB based simulations are necessary but

are not sufficient and wide-area network-based simulations are required.
The performance of wide-area network-based simulations will require for Elia to develop and put at Cli-

ent’s disposal a RMS and an EMT network model representing in detail the grid elements and relevant

assets that are necessary to accurately simulate the dynamic performance of the power system.
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In this model, non-yet existing asset will be modeled via generic data and models selected by ELIA. ELIA
shall ensure that this wide area network RMS and EMT models have stable performance for the events

that the grid user will be requested to simulate.

As such network models contain data and models from relevant asset which are subject to strong confi-
dentiality clause and cannot be freely shared by Elia to third parties.A solution has to be found to allow
the Clients to still perform the wide-area network simulations necessary to optimize its performance and
validate its compliance with Elia requirements.

Elia has investigated 4 options on the way to perform the collective assessment (see Figure 61):

(1) Option 1. PPM/SPM owner will have direct access to wide-area RMS and EMT models;

(2) Option 2: An independent organization with legal access to the wide-area RMS and EMT models will
perform the simulation;

(3) Option 3: PPM/SPM owner will have indirect access to wide-area RMS and EMT models via a cloud-
based platform;

(4) Option 4: Elia will conduct the studies by itself and advise the PPM/SPM owner of the outcome.

Cd
.'\ ﬁ PPM/SPM owner will have direct access to wide-area RMS and
-a EMT models
Di as not ble to g implementation in due
time for PEZ.
T e An independent organisationwith legal access to the wide-area
= RMS and EMT models will perform the simulation
(V) ~
r @ o PPM/SPM owner will have indirect access to wide-area RMS \ } BASE solution
and EMT models via a cloud-based platform / avoiding unneces
\_
clia < Elia will conduct the lies Ifand advise the FALL-BACK - £LA romains os
a @ PPM/SPM owner of the outcome P e ian ity

Figure 61 : Different options on the way to perform the collective assessment

Out of the 4 options, options 1 and 2 have been discarded from further detailed analysis as their feasibil-
ity and implementation time are subject to conditions which are not fully in Elia hands and not guaranteed
to be compatible with PEZ timings. These options will be kept for potential longer-term solution. Focus

has been then put on option 3 and 4.
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The competence and responsibility for a correct design and tuning of the IBRs is fully at the grid user
side. Should ELIA performs the simulations and detect non-conformity, the grid user will remain not only
responsible but also the only competent party to assess possibilities to improve the design or the tuning
of its installation to solve it. In this respect, ELIA sees that it will be more efficient if the grid user can di-
rectly perform the simulations and get access to the result without being dependent on ELIA. Based on
the above, on a pros/cons analysis and based on the current return of experience of similar application in
Australia, Elia is proposing to prioritize the implementation of option 3. Option 2 is still considered as a
fallback solution in case and only if the client would not be able to perform assessment via the option 3

due to a reason independent from his responsibility.

In the case collective assessment will be done by Elia itself, Elia shall have the right to be supported by
an external consultant. Both Elia and this consultant shall need to get access to the detailed RMS and
EMT model of the installation of the client via adequate NDA when necessary. The Client shall bear the

costs of the study.

For each requirement subject to simulation proof, Elia shall determine the envelop of operating conditions
and events that will have to be simulated in order to sufficiently cover the identification of potential system
stability risks and in which model (SMIB RMS, SMIB EMT, wide-area network RMS, Wide-area network
EMT). The envelop of operating conditions shall be minimized to keep the simulation effort as low as pos-
sible.
The following operating conditions shall be considered for the simulations:

e Maximum and minimum Active Power injection;

e Maximum and minimum strength of the AC power system;

o When applicable, different potential connection topologies to the AC Belgian power system: AC

connection, DC connection or parallel AC/DC connection.

The following type of events shall be simulated:
e l-phase or 3-phase short-circuit on close-by substation(s) eliminated by clearing of the faulty bus-
bar after 200ms;

e Disconnection or change of setpoint of close-by Relevant Assets.

These operating conditions and events shall be assessed for 2 time horizon:
e Expected time of connection;
e Target time horizon = 5 years after expected time of connection in order to get awareness of po-
tential risk of unsecure or unstable operation and already take it into account in the design and

tuning of the dynamic performance of the installation.
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3.8.8.1 Non-conformance mitigation

In case of non-conformance, the following principles shall be used to address mitigation solution:

The client shall remain sole responsible to find mitigation and shall have an obligation of result.

Elia, with potential support of external consultant, shall coordinate the mitigation assessment.

The relevant generations considered in the collective assessment shall be categorized as follow:
Assessed: Network/generation assets undergoing conformity assessment;
Future: generation/network assets with known connection point and size, conformity on-go-
ing or expected in the next 5 years but conformity assessment has not yet started and per-
formance has not been approved;
Committed: generation/network assets whose performance is approved and connected < 5
years;

Existing: generation/network assets already connected for more than 5 years.

The following principles shall be respected for the mitigation role and responsibilities:

The Asset Owner shall have an obligation of means to monitor and solve potential non-con-
formity for the Expected connection time and Target time horizon to the limit of the retuning
capability of control command performance while respecting the hard limits of the installa-
tion. During the assessment for the Target time horizon, if monitored instabilities involved
Future asset(s) and cannot be reasonably solved by the Assessed asset, solutions will be
further investigated during the conformity assessment of the Future asset;
In all cases solution will be first looked at the level of Assessed asset;
Retuning of Elia asset shall be considered at same level as solution on generation;
If required by Elia, Committed assets have obligation of means to investigate and implement
possible solution within their installation. Full responsibility and cost shall be beard by the
asset Owner under the following conditions:
Elia might request investigating solution within period of max 5 years following the re-
ception of their FON status;
Elia might introduce a maximum of 3 requests;
Investigated solution shall be limited to retuning of control command performance while
respecting the hard limits of the installation;
The Asset owner shall keep its FON status if delivered;
In case the Asset owner is requested to analyze a possible retuning, time for the analy-
sis shall be agreed with the TSO;
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(vi) In case the Asset owner is requested to implement a solution, implementation time shall
be agreed with the TSO. The agreements of the Asset owner shall not be unreasonably
withheld, and a disagreement shall always be thoroughly justified on the basis of the
negative impact that such implementation would have on its asset;

(vii) Rotating application of the request of assessment/implementation, starting from the old-
est eligible Committed Asset and including ELIA Assets

(viii) If a solution would concern an Existing asset, its implementation shall be assessed on a

case by case basis;

The TSO shall provide the ION to the Assessed Asset after validating a solution that mitigates non-com-
pliances, and will provide the FON once the part of the solution pertaining to the Assessed Asset has

been implemented.

Several simulations/references shall be performed by the owner

+ Generation profiles: max PGM infeed + min PGM infeed

+ Connection topologies

« System strength: full (strong) grid and weakest grid cases @
- Contingency events

@ and this for 2 reference years (expected time of connection and target time horizon)

® . 5years

(| X) The client shall perform the simulation for the “expected time of connection” and “target time horizon™ (year+5)

Figure 62 : Scenarios and reference years for conformity process
3.8.8.2 Proposal for improved conformity assessment process

In this section, the updated Conformity Process with the different activities, role & responsibilities of each

party to be considered in each Stage of the process is presented.

Figure 63 presents a comparison of the proposed five-stage process against the EU-level legally binding
stages of energization operational notice (EON), interim operational notice (ION) and final operational no-
tice (FON). As shown the proposed process is consistent with the existing framework providing more de-

tails on the activities required and roles and responsibilities of parties involved.
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Conformity process

E Stage 0 Pre-requesites : provision of general documentation &
® 9 preliminary relevant system information

0 Proof of compliance, data & model provision
Stage 2 and validation
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Conformity assessment

Individual SPGM/PPM/SPM within the control area

Collective + multi-PPM/SPM NEW!

NOI

Non-conformity mitigation

Commissioning and compliance testing

PPM/SPM test

NOd

o Model validation

° Staged tests

Figure 63 : Comparison of the proposed five-stage process against the EU level EON, ION, FON stages

Stage 0: Pre-requisites

As input provided at the end of the EDS, TSO shall provide the client with:

e List of applicable requirements that will be subject to the conformity assessment.

e Conformity Process description, criteria: Description of the conformity steps that the PGM will

need to undergo depending on individual SMIB based assessment or collective wide area based as-

sessment.

e Data and Modelling provision and validation process and criteria to be considered in the con-

formity assessment process for PGMs accounting for their size and proximity to other nearby plants.

These criteria include, but not limited to:

RMS and EMT models of the proposed PPM/SPM,;

Model certification, lab tests, hardware-in-the-loop or other forms of evidence, as agreed between
Elia and PPM/SPM owner, to provide confidence in model reliability and accuracy;

Benchmarking between the RMS and EMT models;

Parameters mapping sheet between the RMS and EMT models.

These criteria and related process is defined in Section 3.9.

e General template for compliance follow-up to be completed by the PGM owner for each connection

e The Relevant information applicable to the PGM connection case:

1.

Minimum and maximum Short-circuit power at the connection point
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When applicable, anonymized list of Relevant HYDC/PPM/SPM assets as identified for the col-
lective assessment determination with their Snom and MIIFij characteristics

When applicable, anonymized list of Relevant SPGM/Synchronous condensers with their contri-
bution to the Short-circuit power at the connection point

Minimum and maximum Aggregate SCR

Rough estimation of number of scenarii and events to be simulated in RMS and EMT in wide

area and rough estimation of simulation time

Stage 1: Kick-off and System operating envelope requirements

The TSO shall invite the PGM owner to a kick-off meeting when the realization of the project has been
ordered. The TSO shall provide to the PGM owner:

1) Update of the Relevant information applicable to the PGM connection case

2)

3)

(@)
(b)

(©)

(d)

Minimum and maximum Short-circuit power at the connection point;

When applicable, anonymized list of Relevant HYDC/PPM/SPM assets as identified for the col-
lective assessment determination with their Snom and MIIFij characteristics;

When applicable, anonymized list of Relevant SPGM/Synchronous condensers with their contri-
bution to the Short-circuit power at the connection point;

Minimum and maximum Aggregate SCR.

SMIB model in Power Factory and PSCAD and access to the Wide Area Network model,

Detailed list of operating conditions scenario and events to be simulated in RMS and/or in EMT in the

different SMIB and Wide Area network models for both expected time of connection and Target time

horizon. The information to be provided includes:

(a) A list of critical contingencies;

(b) The dispatch of synchronous generators and inverter-based resources;

(©)
(d)

Import and export levels from the AC and DC interconnectors;

Strong and weak grid condition.

The PGM owner shall test the access to the Wide Area network models.

Stage 2: Proof of compliance, model & data provision and validation

The PGM owner shall:

Provide the proof of evidence for the different concerned requirement as listed in the EON part of the

general template for compliance follow-up;
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Submit vendor-specific RMS and EMT models of the PGM and supporting documentation as required

in the Section 3.

The TSO shall:

Review the submission from PPM/SPM owner and provide conditional approval to use the models
submitted for the conformity assessment;

If models cannot be accepted at this stage, provide feedback on what needs to be improved and re-
submitted;

Validate proof of evidence and data&models provided by PGM owner so that the PGM owner can be

progressed to the next stage.

Stage 3: Conformity assessment

The PGM owner shall:

Undertake SMIB studies with both RMS and EMT models;

Model Relevant Asset of same Type and same Energy source connected to the same electrical node

using identical model but adjusted to their nominal power model;

e Without dynamic modelling of other nearby PGMs;

e The network being modelled as a infinite voltage source behind by equivalent impedance;

¢ Note that each conformity assessment will only involve one PGM owner, i.e., no coordinated as-
sessment at this stage;

Determine any non-conformances and resolve them.

The TSO shall review and perform a due diligence confirming one of the following outcomes:

PGM is compliant at this stage and can proceed to stage 3B;

PGM exhibits minor non-compliances, however, it can proceed to stage 3B with a view to determine
more efficient system-wide solutions after understanding the potential interaction with other PGM(s);
PGM non-compliances are unacceptable and must be resolved by proposing solutions solely
funded by the PGM.

The PPM/SPM owner shall:
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- Access to the ELIA “cloud-based” platform and connect the model of its installation to undertake
Wide Area Network studies with both RMS and EMT models;
- Determine any potential non-conformances;

- Resolve non-conformances that can be practically addressed by control system tuning.

Review and perform a due diligence confirming one of the following outcomes:
- PGM is compliant at this stage and can receive their ION status and proceed to stage 5;
- PGM still faces non-compliances that cannot be resolved by solutions solely funded by the PGM
and need to proceed with stage 4.

Stage 4: Non-conformance mitigation following collective assessment

The TSO shall:

- Coordinate and lead the modelling and studies required;
- Determine roles and responsibilities between different Relevant Asset Owner and Elia respecting the
following principles:

a. The Asset Owner shall have an obligation of means to monitor and solve potential non-conformity
for the Expected time horizon and Target time horizon to the limit of the retuning capability of con-
trol command performance while respecting the hard limits of the installation. During the assess-
ment for the Target time horizon, if monitored instabilities involved Future asset(s) and cannot be
reasonably solved by the Assessed asset, solutions will be further investigated during the con-
formity assessment of the Future asset

b. In all cases solution will be first looked at the level of Assessed asset

c. Retuning of Elia asset shall be considered at same level as solution on generation

d. If required by Elia, Committed assets have obligation of means to investigate and implement pos-
sible solution within their installation. Full responsibility and cost shall be beard by the asset
Owner under the following conditions:

i. Elia might request investigating solution within period of max 5 years following the
reception of their FON status;
ii. Elia might introduce a maximum of 3 requests;
ii. Investigated solution shall be limited to retuning of control command performance
while respecting the hard limits of the installation;
iv. The Asset owner shall keep its FON status if delivered,;
v. In case the Asset owner is requested to analyze a possible retuning, time for the

analysis shall be agreed with the TSO;
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vi. In case the Asset owner is requested to implement a solution, implementation time
shall be agreed with the TSO. The agreements of the Asset owner shall not be un-
reasonably withheld, and a disagreement shall always be thoroughly justified on the
basis of the negative impact that such implementation would have on its assets

vii. Rotating application of the request of assessment/implementation, starting from the
oldest eligible Committed Asset and including ELIA Assets

e. If a solution would concern an Existing asset, its implementation shall be assessed on a case by
case basis
- Coordinated control system tuning of nearby Relevant PGMs/Assets;
- If there are residual issues, investigate solution with Assessed PGM, Committed and, on case by

case basis when relevant, with Existing Assets.

The TSO shall provide the ION to the Assessed Asset after validating a solution that mitigates non-com-
pliances, and will provide the FON once the part of the solution pertaining to the Assessed Asset has

been implemented.

PGM and Relevant Assessed and Committed Asset owners shall:
- Participate in the studies in coordination with TSO;

- Address the non-conformances by improving dynamic performance of their installation.

Stage 5: Commissioning and model validation

The TSO shall propose a compliance testing procedure ensuring:

- Sufficient evidence can be gathered to allow demonstrating compliance with various aspects of the
performance (except fault related aspects);

- No adverse impact on system stability (ideally by performing simulation studies);

- Advise specific conditions for which the testing must/not be conducted.

The PGM owner shall:
- Install the required quantity and quality of high-speed measurement systems within the PPM/SPM;
- Conduct the tests;

- Compare measured and simulated response of the PPM/SPM;
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- Identify response aspect(s) where a good correlation between the measurement and simulation was
not obtained, discuss the reason and propose a plan to address these during the model validation
stage.

The TSO shall:
- Closely monitor the test in coordination with the control center operators;
- Have the necessary means in place to abort the tests immediately if unstable responses are observed;

- Advise PGM owner of any model or performance improvement needs.

The PGM owner shall:

- Validate and improve the models based on measurements obtained from stages 7 and 8;

- Determine the need for conducting further tests, especially those involving the wider network and dis-
cuss with the connecting TSO;

- Assess the impact of model parameter changes on PGM’s ability to meet already agreed perfor-

mances and advise the TSO if any uncertainties.

The TSO shall review and advise the PGM owner:

- If models can be accepted as final validated models;
- If further parameter tuning is required before the models can be accepted as final validated models;

- If additional tests are necessary before models can be accepted.

The PGM owner shall deliver final compliance test report and data & model of installation.

The TSO shall issue the FON

The TSO shall:

- Assess if further compliance or model validation evidences should be obtained by applying stage
tests. These tests are often in the form of line or reactive plant switching;
- Perform simulation studies to ensure that those tests will not adversely impact system stability;

- Ensure correct quantity and quality of high-speed measurement systems are installed in the network.
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The PGM owner shall ensure high-speed measurement systems are operational and can capture the
data during the tests.

In this section, the improved conformity process will apply for the PEZ offshore wind farms case is de-
scribed. As there is no EDS process in the context of PEZ, the stage 0 of the conformity process shall be
understood to be provided as input for the tender. Each PEZ offshore wind farm shall have a size >75
MW and shall be connected the Elia transmission system on 66kV substation based on converter driven
solution. According to the criteria defined in the Belgian grid code, each PEZ offshore wind park shall be
Type D PPM.

The conformity assessment shall apply at the Access point of the offshore wind farms as they are defined
by the lots, meaning that the performance shall sum up and aggregate the behavior of all wind turbines of
all streams which belong to the Access point. Nevertheless, this design and implementation shall have
the right granularity to respect the requirements applicable to the Offshore PPM Type D. In this respect,
and to ensure secure operation of the system in N and after contingency, it is important that:

- The voltage and MVAr control capabilities are implemented in line with the principles defined the PEZ
public consultation report (chapter 3.4) for which the capability of controlling the reactive power with a
droop has to be performed taking into account the voltage of the HV side of the transformer to which they
are connected while the reactive power shall be monitor and controlled at the level of the 66kV busbar

they are connected to

- The capability to remotely control or limit the active power shall apply at the level of each 220/66 kV

transformer proportionally to the power connected to each string

ELIA has performed dynamic feasibility studies to assess and mitigate the risk of unstable performance of
the system considering existing and future assets in the Belgian costal area, using generic RMS and EMT
models for future assets. Consequently, ELIA has decided to invest in synchronous condensers and sys-

tem protection schemes.
Following the criteria and formulas defined in 3.8.4 Criteria for individual or collective conformity assess-

ment, Elia has performed a preliminary assessment of the list of relevant assets (see Figure 64) and has

calculated an Aggregate SCR of about 1.9 in case of split node operation.
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~ Elia communicate to the client the relevantinformation includingthe list of relevantassets
having an impact on the performance ofthe installation and to be considered inthe wide-area
simulation to be performed by the client
Scc at the connection point of PEZ: 7.69 GVA*
Snom of PEZ block: 390 MVA
Aggregate SCR for all AC connected OWF=1.9
* This value include the contribution of the 3 proposed Elia SynCon also considered as relevant assets
Sk" at converter connection node [MVA]jMIIF [%] EApp.Pow. [MVA]ESEnsitivity [MVA]=MIFF*app.pow.
HVDC_1 17.02307 -41 700 287
HVDC_2 17.02307 -41 700 287
HVDC_3 17.38859  -30.5 1062.8 324.154
PPM_1 7.69585 -100 390 390
N PPM_2 7.69585  -100 390 390
o PPM_3 7.69585  -100 390 390
g PPM_4 7.69585  -100 390 390
§ PPM_5 7.69585  -100 390 390
o PPM_6 7.69585  -100 390 390
'%' PPM_7 339028 274 236 64.664
S PPM_8 297857 -25.8 199.3 51.4194
[ PPM_9 297857 -258 240.4 62.0232
s PPM_10 817579  -325 2146 69.745
2 PPM_11 817579  -325 383.8 124.735
- PPM_12 817579  -325 331 107.575
PPM_13 817579  -325 2917 94.8025
PPM_14 817579  -325 263.1 85.5075
PPM_15 817579  -325 2835 92.1375
PPM_16 817579  -325 2456 79.82

\ + 3 Elia Synchronous Condensers /

Figure 64 : List of relevant assets for PEZ phase 1 conformity process

As illustrated in Figure 65 below, this leads to the conclusion that each PEZ offshore wind farm shall have
to apply for a collective conformity assessment based on RMS and EMT simulations realized in both
SMIB and Wide-area network models.

@ PEZ tender case

~N
Charact s of PEZ offshore wind farm

+ The PEZ wind farm will be type D PPM of 175 MW Princess Elisabeth

Zone - phase

L

+ Aggregate SCR for PEZwind farmis 1.9 <3 /r ‘,\ ‘\‘
T
Characteristics of the
satoton Coma ) Coms D Grmess) {Cms
Com D o) i § o
pr——
A petony
v v v v
ooy (I CECTID
Simulation to be performed C e D
b the client Type of simulation
Em¥, i
/
'~ =7

-
riskof such unitin the system

Type of study to be performed by the client for PEZ

’ PEZ wind farm phase 1 shall perform SMIB and BE wide-area RMS and
EMT simulation given the characteristics of the installation

Figure 65 : Characteristics of PEZ phase 1 and simulations to be required in the conformity process
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The list of requirements is based on TYPE D PPM requirements defined in the European RfG Network
code and the Belgian “General Requirement for Generators” grid code, completed with the additions and

improvements detailed in Section 3.3.

The general template for compliance follow-up also refers to the article in the Belgian grid code and the
chapter in the Elia document describing the Requirements for general application to PGMs, and highlights

whether the conformity should be based on proof of evidence, simulation and/or test.

In this template, Elia has also provided a first rough estimation of the number of simulations per type of
simulation environment (RMS/EMT simulations on SMIB or wide-area network models) that will need to
be done per requirement. As illustrated in the following picture, a total of about 90 simulations is ex-
pected.

PEZ tender case
sSMiB

Machi = 24 simulations
achineto connect Onshore grid modelized as
oaeaa (1) z 0O ) immimacnase

Collective wide-area

= 22 simulations

Onshoregridinciuding
elevantassets

Machine to connect Point of Connection
to the grid ’i‘

For illustration purpose enly

Total = 90 simulations

Figure 66 : Number of EMT and RMS simulations in SMIB and wide-area to be performed by the client in
the framework of the PEZ tender phase 1

The SMIB will consist of an Infinite voltage source behind an equivalent impedance at the Access point of
the OWFs. The Power Factory and PSCAD wide-area models shall be made accessible by ELIA via a
secure platform and shall represent the real grid in a study area around the Access point including the
relevant Assets; the rest of the system will be represented by Boundary nodes expressed as equivalent
voltage sources. ELIA feasibility studies ensures that the dynamic performance of the system following
the events that the grid user will be asked to simulate fulfill the expectations when the Assessed and Fu-

ture assets are represented via generic models.

As illustrated in the Figure 67 below, the simulations will cover 2 time horizons: Expected connection time
horizon and a Target time horizon being 5 years after having received FON. The relevant assets identi-
fied in Figure 64 above will be classify in 4 categories : Assessed, Committed, Future and Existing follow-

ing the definition presented in Section 3.8.8.1.
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During its conformity assessment, to receive its ION and FON, the PEZ offshore wind park owner will
have an obligation of result in term of compliance to the requirements for the Expected connection time
horizon and an obligation of means for the Target time horizon. By obligation of means, it is meant that
the PEZ offshore wind park owner will have to perform the simulations, identify any non-compliance and
mitigate at best the observed non-compliance with optimization of the tuning of the settings and parame-
ters of the different controls available in its installation. In the case a non-compliance is also impacted by
another Assessed or a Committed Asset, Elia shall coordinate the investigation of solution among these

Assets, together with potential solution coming from relevant Asset owned by Elia.

Also, during a period of 5 years following the receival of his FON, the PEZ offshore wind park owner will
have an obligation of means, in case of Elia request, to investigate the possibility to modify the dynamic
performance of its installation by modifying the tuning of the settings and parameters of the different con-
trols available in its installation, within the dimensioning limit of the installation and without impacting the
life time of the installation that might contribute to solve potential system performance issue coming from
the evolution of the system or the connection of another relevant close-by asset. In case a solution is
found and agreed by each party, the PEZ offshore park owner might be requested to implement the solu-
tion in a commonly agreed timing. The agreement of the PEZ offshore park owner shall not be unreason-
ably withheld, and a disagreement shall always be thoroughly justified on the basis of the negative impact
that such implementation would have on its assets. As long as the above-mentioned obligations of means

are respected by the PEZ offshore wind park owner, he will keep its FON status for its installation if re-

ceived.
Planning
2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034
(] L] L] L} L] L] L] L ] L] L] L]
DR — Y — -
Phase 1- 700 @ Phase1-700 MW AC OWF commissioning
@ Phase2- 1400 MW AC OWF commissioning
@ Phase 3 - 1400 MW DC OWF commissioning
Ba = ‘@ aevelope [ ] Nautilus commissioning® @ TritonLink commissioning*

List of candidates Application caseto PEZ phase 1 Application case to PEZ phase 2/3
o generati ts which have kicked-off (stage 1) P Phaser-momwac !

their conformity assessment

Nautilus N

o generation/network assets with known connection point and size, ’ — IR S
conformity expected in the next 5 years but has not been started (" Phase 3- oo mwoe 3 TritonLink
- eneration/network assets performance approved and
Committed 9 | Not applicable, phase 1
o connected < 5 years (FON received) 4 R sy

conformity process

e Existing ﬂz:ﬂi‘;::’?gxg:ﬁfﬁ? skeady connectad for more } (: MOG1 :;{: NEMO link :, .’: MOG1 I‘u’: NEMO link

Figure 67 : Candidates in case of non-conformance for PEZ phase 1 and phase 2 & 3
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In line with the Article 15 of the directives Commission Regulation (EU) 2016/631 and the Article 21 of
Commission Regulation (EU) 2016/1388, establishing obligations for generation and transmission-con-
nected demand facilities to provide data and model to the relevant transmission system operator (Elia). Elia
have established a set of document aiming at clarifying in transparent way the data and simulation needs
in term of accuracy and detail. Such models should represent the behavior of power-generating modules
in both steady-state and dynamic simulations (50 Hz component), as well as in electromagnetic transient

simulations.

Therefore, it is important to mention that this section comes as a clarification on existing Data and Model
validation as per the processes and requirements that are already put in place in Elia and would be there-

fore applicable to new offshore wind generation.

Given these evolution of the power system stability phenomena (see Section 3.2.), it becomes essential to
improve the processes, methodologies and simulation models quality in general. Elia already investigated
improvements to the existing provisions based on international benchmarking for advanced systems facing

similar technical challenges. The processes put in place to cover the following key elements:

1. Simulation Model Requirements: The focus here is on ensuring that the models and the data
are accurate and suitable for system studies that need to be conducted by Elia.

2. Model Validation Procedure: This process aims to enhance the representation of the new phe-
nomena and to conduct stability studies with precision. Such process lay done the requirements

and the key steps that need to be addressed throughout the connection process.

1. Simulation Model requirements

To enhance the expectations in of simulation model requirements, two new documents have been cre-
ated to cover the requirements needs considering simulation types as Steady State, RMS, EMT, Harmon-

ics, as well as provisions to mitigate issues of black box models.

The provisions do cover all PGM technologies and not only offshore wind:

» Generic and/or detailed simulation models reflecting the point of connection;
> Considerations for electrical components (AVR, PSS, governor) and other physical limits (fuel

valve, pitch, and internal turbine limits) when they influence unit response;
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» SPM/PPM type B equivalent models, with type C and D models encompassing both individual
and equivalent models;

» Site-specific load models;

v

Model aggregation based on technology type;

> Grey-boxed models complete with descriptions and minimum requirements for input/output.

For different simulation categories (Steady State, RMS, EMT), the documents specify both general provi-

sions and specific ones tailored to various unit types, such as SPGM, SPM/PPM and demand facilities.

On the other hand, provisions for indirectly connected facilities are more focused on:

» Generic simulation models;

Model validation, carried out by the relevant system operator;
SPM/PPM models, exclusively for types C and D equivalent models;
Model aggregation based on technology type;

vvyyy

Black-box models with descriptions of input/output variables.
Additionally, the data collection procedure has been enhanced, primarily concerning the data question-
naire. The new questionnaire format ensures:

» Effective data integration;
» Minimized risk of inaccuracies;

» Potential for automated data collection.

2. Model Validation

The introduction of the model validation procedure offers a win-win scenario for Elia, Generation Owners,
and Manufacturers, as it:

¢ empowers Elia to plan and operate a stable network with increased model accuracy;
e provides Generation Owners with greater confidence in the compliance and stable performance
of their assets;

e offers clear guidance to Manufacturers in carrying out their tasks.

This document provides an overview of the new procedure, which encompasses the following models:

o RMS/Power Factory Models, both in aggregated and detailed forms.
e EMT/PSCAD Models, available in both aggregated and detailed versions.

To enhance robustness, the model validation procedure has been integrated into the entire compliance
process, as illustrated in the below figure.
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The criteria for model validation are covered in detail in the technical Annex received during the connec-
tion process and were defined based on currently applicable standards. The overall procedure is divided

into four major steps:

> P1: Initial model acceptance: General Perquisite for EON;

> P2: Intermediate model performance validation: General Perquisite to ION;
» P3: Commissioning and model validation: General Perquisite to FON;
>

P4: Post-commissioning model validation.

The model validation procedure takes place during P3. During this stage, site test measurements are col-
lected and then compared against simulation results. Various simulation tests are conducted, and the de-
viation between simulated and measured data is calculated to ensure an objective assessment of simula-
tion model accuracy. The deviations must meet or be less than the permissible deviations specified in the
referenced norms, which, in this case, are the IEC 61400-27-2 norms, also in use in Germany and Ire-
land. The results of these standardized tests are used to validate the simulation model's accuracy. The
minimum requirements for controls include:

1. Active power control

2. Reactive power control
3. Voltage Control
4

Frequency Control

The final results of dynamic studies are submitted to Elia for approval in the form of a comprehensive report,
including all mandatory tests, measurements, and simulation data. Parameters, settings, and models are
considered validated when computer simulation results align with site test results within the allowed devia-
tion. Both simulation and site test results are overlaid on the same plots using the same scale. Following
the completion of site tests, the Grid user is required to submit a statement of compliance to fulfill the FON

condition, along with the associated validation report and data/models (as built).
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Figure 68 : Process for model validation
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To realize offshore ambitions in the North Sea and the other European sea basins, a massive deployment
of offshore infrastructure will be needed. The market design has as key objective to make optimal use of
this infrastructure in the interest of society. In line with European legislation, this objective materializes
into allocating the transmission capacity in the most efficient manner (socio-economic welfare maximiza-
tion) as well as into conveying the right dispatch incentive across timeframes (wholesales and balancing

markets) such that the market dispatch accurately reflects the technical limits of the transmission grid.

The decision for the split-node operation as clarified in Section 2.3 has a significant impact on the market
design of the different offshore wind farms of the Princess Elisabeth Zone. With the reference mode of
operation for PEI being the split node operation, the two different nodes will have a different market con-
figuration:
¢ One node with 2.1 GW offshore wind (PEZ lot 1 and 2) is radially connected to the Belgian grid
via 6AC cables. The market design for this node will be a Home Market model
e One node with 1.4 GW offshore wind (PEZ lot 3) is connected to the Belgian grid via a HVDC ca-
ble system. This HVDC system of the offshore wind is planned to be extended into a hybrid sys-
tem, in combination with Nautilus interconnecting the PEI with the UK and/or another HVDC inter-
connector electrically connected to the island. The market design of this hybrid system will be an

Offshore Bidding Zone (OBZ) model if specific enablers further detailed in this report are met.

When being in the Home Market model, the offshore wind of PEZ lot 1 and 2 will be integrated within the
existing Belgian bidding zone having the same price formation as for other Belgian generation or con-
sumption assets onshore as the latter are part of the same bidding zone. The redundancy for long term
outages is also included in the reference operating mode for Princess Elisabeth Island with possibility of
switching of offshore wind park from AC to DC and inversely. Scenarios will be developed to avoid any
impact for market set-up and risks are covered by the Royal Decree on liabilities. For the hybrid system
the market design of an OBZ model is a new market design concept. Its aim is to accommodate the inte-
gration of both offshore wind and interconnectors (such as the Nautilus interconnector with UK and the
TritonLink interconnector with Denmark) onto the Princess Elisabeth Island in line with the principles of
European legislation. The target market design for the hybrid system encompasses three critical ena-

blers:
e Return of the UK to the European single implicit price coupling. Following Brexit, cross-

zonal capacity on interconnectors to the UK is currently allocated in an explicit manner. This

leads to less optimal use of transmission capacity;
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e The application of an Offshore Bidding Zone to manage the structural congestion embedded
in a hybrid grid design;
e Therollout of Advanced Hybrid Coupling, which is already part of the legal framework for con-

gestion management, to make most efficient use of the onshore grid capacity

Combined these three enablers foster full competition for the transmission capacity, both offshore and

onshore, avoiding to apply an ex-ante split of capacities through forecasting. The ex-ante split of capaci-
ties leads to inherent inefficiencies and therefore socio-economic welfare loss. This is due either to over-
allocation of transmission capacity requiring costly corrective measures at some moments, or to too con-

servative forecasts leaving capacity unused during other moments.

From a societal and legal perspective, the target market design for the hybrid system thus allows for an

efficient management of (structural) congestions and thereby an optimal use of the grid infrastructure.

Yet from the perspective of an investor into offshore wind on a hybrid system, this societal optimum in-
duces uncertainties due to price and volume effects. These effects are elaborated in various studies com-
paring an Offshore Bidding Zone versus a Home Market approach for such hybrid interconnectors. But
the focus in these studies is put on the congestion in the offshore grid. From our analysis, it turns out that
congestions in the onshore grid shape the price and volume effects, notably through the competition ef-

fect induced by Advanced Hybrid Coupling.

A well-designed support mechanism, as intended in Belgium, is a fundamental piece of the puzzle to de-
risk investments and to align the interests. At the same time, it is of paramount importance that this sup-
port mechanism does not create market distortions. In the case of the Princess Elisabeth Zone, these ob-
jectives are fulfilled thanks to the choice made by the authorities to implement a two-sided capability-
based CfD mechanism for all wind of the three different lots of the PEZ.

The formal creation of the Offshore Bidding Zone stems from the structural congestion that is by design
part of the hybrid set-up of the Princess Elisabeth Island. To initiate this formal process the scope and
timing of the Offshore Bidding Zone has to be sufficiently certain. Multiple scenarios are possible, de-

pending on:

e The exact go-live date of the Nautilus and TritonLink interconnectors;

e The policy choice of a return of the UK to the European single implicit price coupling. This is a
pre-condition to avoid an ex-ante capacity split — and associated welfare loss due to forecast inef-
ficiencies — on the connection between the Princess Elisabeth Island and the Belgian onshore
grid. Without implicit price coupling with UK, such capacity split would be needed to feed on one

hand an explicit coupling with the UK and on the other hand the European implicit price coupling.
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Aside from being less efficient, explicit coupling has major drawbacks when combined with a hy-
brid grid design. The drawback combining explicit under a Home Market approach on a hybrid
system is that congestions are predictable and thus prone to market manipulation. The drawback
combining explicit under an Offshore Bidding Zone approach on a hybrid system is that forecast
errors distort the price formation in the Offshore Bidding Zone;

e Technological developments enabling a meshing of HVDC interconnectors (DC circuit breaker)

as this determines the role of TritonLink in the Princess Elisabeth Island.

Elia expects an Offshore Bidding Zone to be implemented as soon as an interconnector whose capacity
is allocated through implicit price coupling is integrated onto the Princess Elisabeth Island. Nautilus and
TritonLink are the most concrete projects yet there are other options. This scenario is expected to materi-
alize in the 2030-2035 horizon.

The related policy choice of a return of the UK to the European single implicit price coupling and techno-
logical developments are considered key enablers to realize the offshore ambitions of the North Sea

countries.

With the decision of the split node operation Elia provides clarity on the reference market design. If at
some point in the future a single node operation would become technically feasible by which the chal-
lenges as mentioned in section 2.3 are resolved, Elia will not initiate an evolution to a single node opera-
tion and its corresponding market set-up before the end of the support scheme period of the Belgian
OWEF as defined in the Royal Decree Tender, which at the time of writing is set to 20 years. This does not
preclude the market set-up could evolve over time as per the application of the policy/regulatory frame-
work to make efficient use of capacities, however the latter regulatory risk’ (seen from an investor point-

of-view) is inherently present for any investment decision both onshore as well as offshore.
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4.2. Introduction

Sections 4.2, 4.3 and 4.4 provide a high-level description of the expected evolutions in the market design

along with their consequences. Section 4.5 provides a more in-depth explanation.

o Market design

( 1. Targetmarket design for PEZ

( 2. Implications of target market design

)
)
( 3. Implementation ofthe OBZ )
)

(4. Details on markettopology and princing of OBZ under AHC

Figure 69 : Overview section market design

4.3. Target Market design

4.3.1. Impact of the split-node operation on the market design

The choice for split node operation as reference has a fundamental impact on the target Market design of
the PEZ :

e The node with 2.1 GW offshore wind (PEZ lot 1 and 2) will be part of a Belgian bidding zone ac-
cording to the Home Market model since for its operations it is only radially connected to the Bel-
gian grid via 6 AC cables.

e The node with 1.4 GW offshore wind (PEZ lot 3) connected to the Belgian grid via a HVDC cable
system which is planned to be extended into a hybrid system, will be part of an Offshore Bidding
Zone (OBZ) model. However, the timing when the 1.4 GW DC OWF will switch to an OBZ is not
exactly known. It will be done when either of both conditions is applicable:

o Implicit price coupling applied on Nautilus between BE and UK
o DC circuit breaker technology available which allows a second HVDC interconnector to
be electrically connected to the rest of the PEI.
These conditions as well as the situation before any of these conditions are applicable are further
elaborated in Section 4.5.1.
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Market design with split node operation for Princess Elisabeth Zone
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Figure 70 : Market design with split node operation for PEI
In the Home Market model, the offshore wind of PEZ lot 1 and 2 will be integrated within the existing Bel-

gian bidding zone having the same price formation as for other Belgian generation or consumption assets

onshore, as the latter are part of the same bidding zone.

For the hybrid system the market design of an OBZ is a new concept for which more details are elabo-
rated in the next sections.

4.3.2. Market design including an Offshore Bidding Zone

Elia proposes the market design of an OBZ for the part of the PEZ which has a hybrid set-up. Elia in this
section introduces 2 models, the Home Market model and the Offshore Bidding Zone model and elabo-
rates the arguments that justify the Offshore Bidding Zone model as the appropriate choice for the hybrid

set-up.
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To realize the objectives of socio-economic welfare maximization and enabling an optimal dispatch, the
market mechanism needs information on the scarce transmission capacity and needs a maximum degree

of freedom to organize an economic arbitrage for the usage of this scarce capacity.

Applying these principles to the offshore wind that is part of the hybrid set-up of the Princess Elisabeth

Island gives shape to three building blocks:

1. Offshore Bidding Zone (OBZ);
2. Implicit price coupling with the UK;
3. and Advanced Hybrid Coupling (AHC).

@ Tarket market design for Princess Elisabeth Island

} Offshore Bidding Zone L Implicit price couplingwith UK | X Advanced Hybrid Coupling

@ Why does it matter?

Maximize socio-economic welfare: a bigger cake to share
Correct incentive: enable an optimal dispatch

Maximize offshore wind production

In line with European legislation

} What does the market mechanism need?

a Visibility on the scarce transmission capacity

a Freedom to do the arbitrage of how to best use this scarce transmission capacity until real-time

Figure 71 : Target market design for the hybrid set-up of the Princess Elisabeth Island

When it comes to the integration of a hybrid grid design into electricity markets, two models can be con-

sidered:

1. The home market model: in this conventional arrangement, the offshore RES generation com-
mercially and physically feeds into its home market, i.e. into the grid of the same country in

whose territorial waters or Exclusive Economic Zone (EEZ) the park is located;

2. The Offshore Bidding Zone (OBZ) model: in which the offshore RES generation is situated in a
separate bidding zone, being physically connected to several markets. This ensures that RES
generation can flow to where it is needed and can be fully integrated into the market by simulta-
neously integrating renewable energy and using cross-border interconnections for trade.
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Figure 72 : Home Market and Offshore Bidding Zone market design

The Offshore Bidding Zone model is the superior model to obtain an efficient and consistent management
of congestion as prescribed by European legislation. Bidding zones indeed form the cornerstone of the
European zonal market model, and the bidding zone borders are to be set where structural congestion is
present.

The hybrid set-up of the PEI by design contains structural congestion: full cross-border exchanges and
full wind injection cannot be accommodated at the same time. An Offshore Bidding Zone model is here

the appropriate choice, as a Home Market model would induce major inefficiencies:

1. Under a Home Market model, the offshore wind would physically inject all their offered energy in the
Belgian bidding zone without consideration of the technical limits of the offshore infrastructure;

2. During capacity calculation, which starts two days ahead of real-time, Elia would have to ex-ante split
the transmission capacity between PEI and the Belgian onshore grid based on an early wind forecast.
Concretely, taking the Nautilus interconnector as example, the capacity to import from the UK to Bel-
gium is determined by subtracting the forecasted infeed of offshore wind from the technical capacity
of the HVDC link. This approach, where offshore wind is given ‘priority access’, mimics the normal
functioning of the market where the offshore wind is expected to be the most competitive generation
source;

3. Forecast errors are unavoidable. In case of overestimation of the wind in the forecast, transmission
capacity remains unused. In case of underestimation of the wind in the forecast, the technical limits of
the network are no longer respected. This will become visible during the operational security analysis
processes performed after the DA market coupling. Elia will have to intervene to realize a feasible
dispatch solution, leading to a decrease in wind infeed and an increase in flexible generation on-
shore. This results in increased fossil fuel generation and in redispatching costs to be borne by soci-
ety. Below example illustrates the forecast error inefficiency. The high burden of operating the system
makes a Home Market model less sustainable, less affordable, and less reliable than the Offshore
Bidding Zone model.
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Figure 73 : Inefficiencies in a home market configuration
4.3.3. Implicit price coupling

The most optimal outcome for the socio-economic welfare can be reached via a single energy market
where cross-border capacity and energy are implicitly coupled by a market coupling algorithm. This mar-
ket mechanism is today in place in the EU + Norway for trades between bidding zones within this area.
However, as a consequence of Brexit, the interconnectors between the United Kingdom (UK) and Europe
and (Northern)-Ireland (NI) were excluded from the Internal Energy Market (IEM) and thus removed from
the Singled Day Ahead Coupling (SDAC). The capacity on these borders to the UK are now offered in an
explicit manner where market participants have to separately buy and nominate cross border capacity in

order to exchange energy between the UK and Europe?s.
» Explicit coupling comes with inherent inefficiencies

Firstly, in explicit allocation market participants take decisions based on price forecasts. This sometimes
leads to inefficient use of the interconnector’s capacity, meaning electricity flowing from the expensive to
the cheaper market (so called “adverse flows”), in particular when price differentials are small. Further-
more, the price forecast of market participants can be higher or lower than the real market spread that
occurs between BE and UK power markets. This leads to an inefficiency for capturing (congestion rent)
for the interconnector. Market participants valuation of the interconnector’s capacity can be either higher
or lower than the effective market spread leading to a value capture factor which can be lower or higher
than 100%.

18 Explicit refers to the acquisition of capacity separately from the exchange of electricity. On the contrary, under an implicit alloca-
tion approach both capacity and exchange of electricity are allocated together. Some other mechanisms exist on the interconnector
with Norway and to Ireland, but none of them are equivalent to the full price coupling that existed before Brexit.
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In addition, as in explicit auction the volume allocated is determined by the demand bids of market partici-

pants, it can lead to a different usage of the interconnector’s capacity compared to implicit market cou-

pling. In other words, even when the flow is in the right direction from price perspective, the allocated vol-

ume can be too high or too low compared to an optimal reference defined by the result of implicit market

coupling.

Today explicit coupling can be operated in a fairly simple and stable manner given the point-to-point as-

pect of current interconnectors. In a hybrid grid design, however, an explicit coupling regime does not fit

with a Home Market nor an Offshore Bidding Zone approach.

The Home Market model with explicit auctions is prone to market manipulation due to the predictability of

the congestion that can occur on the leg PEZ — BE:

As explained in the previous section, in the Home Market configuration the TSO has to make a
forecast of the offshore wind production. This forecast defines the remaining capacity available
for the explicit auction on the interconnector between Belgium and the UK;

After the explicit auction, the volume of allocated capacity on the BE-UK interconnector is pub-
lished. At this point in time both the information about the TSO’s wind forecast and the results of
the explicit allocation are publicly known. This situation creates a possibility for market manipula-
tion by the OWF. The OFW can gain benefits if it would offer more volume to the DA implicit mar-
ket coupling compared to the wind forecast made by the TSO;

By doing so (and assuming the volume will be accepted in the DA implicit market coupling) the
connection between the PEI and the Belgian onshore grid will be congested. Indeed, the sum of
the allocated capacity via the explicit auction and the accepted wind volume in the DA implicit
market coupling will surpass the transmission capacity of the connection between the PEI and the
Belgian onshore grid;

Normally the OWF should not offer more than his capability as this would result in a short position
for which it will face an imbalance cost. However, the TSO will take congestion management
measures to resolve the congestion, by reducing the schedule of the OWF and triggering an up-
ward activation onshore. As TSO, Elia will remunerate the OWF at its marginal cost (~0€/MWh)
and make an imbalance adjustment to the BRP perimeter of the OWF. The end result is that by
its behavior the OWF will keep the DA revenues for the additional (fictive) volume it offered whilst
the OWF will not be penalized for the imbalance due to the congestion management measure
taken by the TSO;

These unwanted effects are an inherent risk to a Home Market set-up with explicit auctions. In

order to mitigate it, penalty schemes with close monitoring could be envisaged.
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The combination of an explicit coupling with an Offshore Bidding Zone is inefficient and distortive:

1. Firstly, it does not lead to an efficient congestion management solution. Although the connection be-
tween PEI and the Belgian shore is formally a bidding zone border between the bidding zones OBZ
and BE subject to the European implicit price coupling, Elia would have to ex-ante split the capacity
of this connection to feed at one hand the explicit allocation with the UK and on the other hand the
European implicit price coupling. Such capacity split would be based on the forecasted volume of the
offshore wind. This naturally comes along with forecast errors resulting in loss of social welfare. In
other words, whereas the inherent driver of an OBZ is to avoid forecast inefficiencies, this cannot be

achieved under an explicit coupling regime.

2. Secondly, forecast errors distort the price formation in the OBZ. This distortion occurs when the fore-
casted volume of offshore wind is underestimating the volume of offshore wind bid into the market
through the OBZ, As the offered volume of offshore wind then can only partially clear in the implicit
allocation, the marginal price of the offshore wind determines the price of the OBZ. In other words,
the price in the OBZ is set to ~0€/MWh as a result of a forecast error.

Example:

a. Capacity of the connection between PEI and Belgian shore: 1400 MW.

b. Forecasted volume of OWF: 1000 MW. This 1000 MW is made available on the bidding zone bor-
der OBZ — BE in the European implicit price coupling

c. Offered volume of OWF: 1100 MW. From this 1100 MW there can at maximum be 1000 MW ac-
cepted. Price in the OBZ = ~0€/MWh.

Under the EU-UK Trade and Cooperation Agreement (TCA), governing among others the cooperation in
the area of energy following Brexit, EU and UK authorities intend to develop a new market design, being
MRLVC. Volume coupling is an implicit allocation mechanism, but unlike price coupling it only determines
cross-border flows, with prices determined in a subsequent step. The TCA itself does not specify further
the design of the MRLVC yet puts forward the requirement that MRLVC can only have access to order
book data for the UK and for the bidding zones directly connected to the UK. As MRLVC is not allowed
access to order book data for bidding zones not connected to the UK, it is required to use a forecast for
expected commercial flows between bordering bidding zones (i.e. connected to the UK) and the rest of

the Internal Energy Market.
While MRLVC in itself would already be challenging to implement in current market topology, there is a

high uncertainty on its scalability for the offshore grid with Offshore Bidding Zones. Like explicit coupling,

also MRLVC is heavily reliant on forecasts, a factor that often results in suboptimal allocation of capacity,

134



Elia | Technical report — Final outcome of the Task Force Princess Elisabeth Zone

leading to the underutilization of vital infrastructure and inefficient allocation of offshore wind resources.
The inherent driver of an OBZ, namely ensuring market arbitrage for the scarce transmission capacity,

cannot be fully grasped.

In explicit trading, market parties bid in dedicated auctions to trade over the border and is a separate pro-
cess from the Single Day-Ahead Coupling (SDAC). In MRLVC, the SDAC orderbooks from the bordering
SDAC bidding zones are used, but the flows (and thus the trades) on the interconnectors between UK
and SDAC bidding zones are fixed before the day-ahead auction. Under both designs, the flow on the UK
borders cannot be used by the SDAC as a degree of freedom to further optimize welfare. Hence, neither
design is compatible with AHC and would lead to an opportunity loss in the advantages presented in the

next section for not being able to implement it.

Since MRLVC is a volume coupling and not a price coupling there is also no clarity, how any price infor-
mation would carry over between GB, the OBZ and EU mainland preventing that the Offshore Wind Farm

(OWF) is able to capture the real value of their electricity in the offshore bidding zone.

Another distinctive challenge in the case of the OBZ is the limited availability of local offers, often from a
single source. This makes the OBZ more susceptible to inefficiencies stemming from explicit trading or

MRLVC mechanisms when compared to larger bidding zones.

As a consequence, Elia sees explicit allocation and MRLVC as inefficient and not scalable for the off-
shore ambitions and that a full return to implicit price coupling within offshore bidding zones stands as the
most scalable and efficient solution for realizing ambitious offshore wind energy goals. Elia further under-
stands that this point of view is more and more becoming a common understanding. This transition is ex-
pected to not only enhance efficiency but also pave the way for a more seamless integration of offshore

wind resources together with offshore hybrid infrastructure into the broader energy landscape.

Elia believes that a full return to implicit price coupling is the only scalable solution for offshore
wind ambitions in the EU and the UK.

Scalability and ability of different market design options to efficiently optimizer offshore integrationin the market coupling

. ) { N .
Inefficient - Explicit I | Full I:;Z“Cﬁ Efficient
& - MRLVC | price &
not scalable ’ i coupling Scalable

Figure 74 : Market design options for integration of UK interconnectors
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4.3.4. Advanced Hybrid Coupling

Advanced Hybrid Coupling is already part of the target electricity market design in Europe as set

in regulation

The implicit price coupling model’s target solution in Europe comes along with the implementation of Ad-
vanced Hybrid Coupling. This concept originates from a need to manage the influence of cross-zonal ex-
changes between Capacity Calculation Regions (CCRS).

Each CCR is responsible for calculating the cross-zonal capacity for the bidding zone borders assigned to
the CCR. However, cross-zonal exchanges on bidding zone borders external to a given CCR also create
flows in the onshore grid of this CCR. For example, the bidding zone border between Norway and the
Netherlands is assighed to CCR Hansa whilst cross-zonal exchanges through the NorNed HVDC inter-
connector will use capacity of the onshore grid in CCR Nordic and of the onshore grid in CCR Core since
the electricity will not simply stop to flow at the landing point of the HVDC interconnectors, but will have to

be distrusted further in the meshed AC grid on each side.

Figure 75 : Overview of Capacity Calculation Regions

There are two ways to take into account the use of capacity by borders external to a CCR:

1) With Standard Hybrid Coupling (SHC), the exchanges on the external borders and hereby their
usage of the CCR’s onshore grid are forecasted by TSOs during the capacity calculation process.
The capacity of the onshore grid netted against this forecast is offered to the market coupling. Obvi-
ously, forecast errors translate to inefficiencies as either too little, or too much capacity was made
available to the market, subsequently creating a loss of welfare respectively an increase in redis-

patching costs.
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2) With Advanced Hybrid Coupling (AHC) there is no forecast needed anymore. During capacity cal-
culation, the effect of an exchange over the external border on the onshore grid is made visible to
the market coupling algorithm in exactly the same way as the effect of an exchange over an internal
border to the onshore grid is made visible. For both internal and external borders the allocation algo-
rithm has all information to do the arbitrage for the use of the scarce capacity of the onshore grid and

to find the solution with the highest socio-economic welfare.

SHC is the historical way of working and currently implemented in CCR Core. The switch from SHC to
AHC is planned for around 2025 in CCR Core and is part of the implementation of flow-based market
coupling in CCR Nordic. However, as mentioned before, AHC is not compatible with explicit allocation nor
MRLVC and thus can only be implemented on the interconnectors to UK in the event of a return to implicit
price coupling.

For interconnectors to third countries such as the UK and Switzerland it is currently prohibited to imple-

ment AHC, even though the scalability of RES integration without it is highly questionable.

Taking the concrete use case of Nautilus and offshore wind in the PEZ that is part of the hybrid set-up of
the PEI, the OBZ solves the structural congestion between the PEI and the Belgian coast by enabling
competition between import from Nautilus and offshore wind. Yet the OBZ does not manage the conges-
tion in the onshore grid of CCR Core. Without the application of AHC, Elia would still need to forecast the
flow resulting from the combination of offshore wind and import/export over Nautilus. This forecast im-
pacts the capacities made available for exchanges across the bidding zone borders of CCR Core. When
the offshore wind and/or the import/export differ from the forecast, major inefficiencies occur. Unused ca-
pacity in the onshore grid implies welfare losses whilst congestion in the onshore grid implies redispatch-
ing costs.
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Core TSOs coordinate a least-cost solution that takes care of all congestion at once in the Core onshore grid. If the optimizer
identifies that reducing the offshore infeed is part of this optimum the offshore infeed will be reduced.

Figure 76 : lllustration of forecast error leading to congestion grid in CCR Core

The example illustrates how a forecast error leads to congestion in the onshore grid in CCR Core. This
congestion is solved through a coordinated least-cost solution on CCR level. Applying the principle of op-
timization, the reduction of offshore can but is not by default part of the solution.

Note the example uses the day-ahead timeframe to illustrate the forecast inefficiency. The forecast ineffi-
ciency will however expand into the intraday timeframe and the balancing timeframe as Core TSOs ought
to implement in the coming years a recalculation of capacities for these timeframes. On top of an in-

crease in redispatching costs, inherent limitations related to having insufficient time and/or means to coor-

dinate and alleviate congestion will become apparent and aggravate the impact of forecast inefficiencies.

The only way to avoid these inefficiencies in the allocation phase is through the application of AHC, which
will remove the need for TSOs to forecast the flows coming from offshore interconnectors and thereby will
foster efficient competition between all borders, thus internal and external, for the usage of scarce capac-
ity of the onshore grid. Market arbitrage is made possible irrespective of whether the border is between
onshore bidding zones, between an offshore bidding zone and an onshore bidding zone or between off-

shore bidding zones, and irrespective to which CCR the border is assigned.
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4.3.5. Resulting target market topology

The reference of the split-node operation combined with all the building blocks together converge into a
target market topology for the Princess Elisabeth Island (PEI). Below picture illustrates this target market

topology in relation to the planned grid design thus accounting for:

1) The connection of 3.5 GW offshore wind onto the PEI of which due to the split-node operation
a) 2.1GW wind of PEZ lot 1 and lot 2 is part of the Belgian bidding zone given the Home Market
model; and
b) 1.4 GW wind of the PEZ lot 3 is part of a Belgian Offshore Bidding Zone (BE_OBZ);
2) The integration of the Nautilus interconnector onto the PEI;
3) The meshing of the TritonLink interconnector onto the PEI®. Initially TritonLink is realized as a direct
interconnector between Denmark and Belgium, physically passing through the PEI but not electrically
connected. Technological developments (DC circuit breaker technology, multi-terminal HDVC) are

expected to over time make it possible to electrically connect TritonLink to the PEI.
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Figure 77 : Target market topology for Princess Elisabeth Island

19 Elia wants to clarify that Nautilus and/or Triton are not the only projects that could be connected to the PEI. These are the most
concrete projects, yet there are other options.
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The establishment of the Belgian offshore bidding zone OBZ _BE is at the heart of this picture. The un-
certainties regarding its scope and timing are addressed in Section 4.5. The establishment of an OBZ_DK
on the Danish side of the TritonLink interconnector is added for the sake of completeness and reflects the

ambition to apply a hybrid grid design structure on the Danish side.

With the decision of the split node operation Elia provides clarity on the reference market design. If at
some point in the future a single node operation would become technically feasible by which the chal-
lenges as mentioned in section 2.3 are resolved, Elia will not initiate an evolution to the split node opera-
tion and its corresponding market set-up before the end of the support scheme period of the Belgian
OWEF as defined in the Royal Decree Tender, which at the time of writing is set to 20 years. This does not
preclude the market set-up could evolve over time as per the application of the policy/regulatory frame-
work to make efficient use of capacities, however the latter regulatory risk’ (seen from an investor point-

of-view) is inherently present for any investment decision both onshore as well as offshore.

Irrespective to which CCR these new offshore bidding zones and resulting bidding zone borders are as-
signed, the AHC competition effects comes into play. Indeed, the connection with the Belgian bidding
zone induces the application of AHC in CCR Core, and the connection with the Danish bidding zone in-
duces the application of AHC in CCR Hansa. Concretely this implies that the dispatch of the offshore

wind is also driven by its impact on the onshore grids of CCR Core and CCR Hansa.

Note that:

1. When on both sides of the interconnector the market topology applies AHC, which is the assumption
for TritonLink, this is defined as 2-sided AHC;

2. If the bidding zone border OBZ_BE - BE is assigned to CCR Core the application of the competition
effect is legally labelled as Evolved Flow-Based (EFB). EFB is conceptually the same as AHC but
then applied to a bidding zone border internal to the CCR. The ALEGrO interconnector between Bel-
gium and Germany is a first implementation of EFB in the CCR Core;

3. Technically speaking AHC is implemented in the market topology by means of a virtual hub, see de-

tails in Section 4.6. For simplification purpose the notion of virtual hub is omitted from above picture.

Furthermore, the assumption for Nautilus is that on the UK side the market topology remains ATC-based.
The set-up where AHC is applied on one side of the interconnector and ATC is applied on the other side
is defined as 1-sided AHC.

Finally, the ongoing market reform in the UK may result in a more granular market topology on the UK

side. Any possible implications of such market reform are out of scope of this report yet are not expected

to impact the rationale outlined above.
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As the 2.1GW AC connected wind (PEZ lot 1 and PEZ lot 2) is part of the Home Market model, it will be
subject to the same effects as producers and consumers that are located in the Belgian bidding zone.
When being part of the Home Market model, the wind farms of PEZ lot 1 and PEZ lot 2 will also have the

price of the Belgian bidding zone as the reference price for its support mechanism.

For the hybrid set-up, the scope of a classical OBZ versus HM comparison, as explained in section 4.3.2
focuses on the offshore grid, explaining that the offshore wind in an OBZ competes with import/export
over the interconnector and as a result is subject to price and volume effects. The price effect is ex-
plained as the price of the OBZ converging to the lowest price of the surrounding bidding zones. The vol-
ume effect is explained as negative prices in the interconnected market resulting in imports from this mar-
ket outcompeting the offshore wind. Whilst this is conceptually true, the effect of an OBZ as congestion
management measure cannot be looked at in isolation. The OBZ has to be looked at together with the
congestion management measure taken to ensure an efficient allocation of the onshore grid capacity,

namely the implementation of AHC.

This section summarizes the resulting price and volume effects in OBZ, and sketches through some ex-
amples how they can be mitigated through the application of a 2-sided capability based CfD support
mechanism. An exhaustive explanation with concrete toy-examples on how the pricing and the clearing of

offshore wind in the OBZ will take place in the foreseen target market design is provided in Section 4.6.

Advanced Hybrid Coupling will consider the impact of more/less wind or more/less import/export from or
to other bidding zones via the OBZ on the entire grid of the CCR(s) to which the OBZ is connected?°. The
prices determined in the welfare optimization during market coupling thus reflect competition for the entire
grid of the involved CCR(s), and not just competition for the grid in the bidding zones directly connected
to the OBZ.

In general, if market exchanges originating from the OBZ, being either caused by wind or import/export,

are loading the critical network elements from the involved CCR(s) more compared to market exchanges

20 The technical way of taking into account these variations of import/export will be by a change in net position of a virtual hub,

which is further explained in section 4.5
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between onshore bidding zones, the price in the OBZ has to be lower to make the market exchanges
originating from the OBZ part of the optimal welfare solution. If the OBZ has a lower (or even relieving)
impact on the loading of the critical network elements, even a high price in the OBZ can match with mar-

ket exchanges from the OBZ being part of the optimal welfare solution.

Pricing in the OBZ is thus influenced by more than just the prices in the bordering bidding zones. It is pos-
sible that the price in the OBZ is “out of bounds” compared to the prices of the bordering bidding zones.
Taking Nautilus as an example, in the hybrid grid design of the PEI, the price in the OBZ can be lower
than the minimum of the Belgian and UK prices or higher than the maximum of both. The price in the
OBZ can even be negative whilst the UK and Belgian prices are positive. This can have a positive or neg-
ative impact on the revenue of the offshore wind in the OBZ yet may be harder to predict over long peri-

ods of time.

Offshore wind included in the OBZ will also face volume effects in the market coupling. The volume allo-
cated can differ from the volume the offshore wind farm expected to produce and offered to the market.

The volume effect has two drivers:

1) Competition between offshore market exchanges and onshore market exchanges for the use of the
onshore grid. This follows from the application of AHC as it applies the flow-based market coupling
principles also upon the OBZ;

2) Competition between offshore wind and import from the UK. In case the entire UK market sits at neg-
ative prices, the import from UK outcompetes the offshore wind which is ought to bid at around zero

€/MWh marginal cost.

The volume effects and negative prices inherent to the application of AHC are a feature of an efficient

market model.

The volume risk and negative prices due to an inflexible merit order and due to distortive support mecha-
nisms for RES (incentivizing to not bid at the true marginal cost of production) are not a feature of an effi-
cient market model. The ambition of TSOs and policy makers must be to phase them out by ensuring
RES reacts properly to price signals, by unlocking flexibility at consumers and industry, and by removing
distortive effects from support mechanisms. At the time of launching this consultation, such principles are
likely to be included in the electricity market design reform on EU side. They are also discussed on UK

side.
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The evolutions in market design represent essential factors in ensuring the most beneficial solution for
the whole society. However, they are expected to increase uncertainties on the offshore wind farms reve-
nues over the long term. Basically the way AHC will be defined in the capacity calculation methodology
and the capacity made available will have price and volume effects, which are naturally difficult to fore-
cast since they are highly dependent on where in the future congestion occurs in the onshore grid and on
how the capacity calculation methodology will further evolve (minimum capacity requirements, the extent
to which internal network elements can limit capacities, etc.). It is particularly the Offshore Bidding Zone
configuration which is sensitive to this. As indicated in section 4.3.1, 2,1 GW of wind is expected to re-
main in a home-market setup, the remaining 1,4 GW will be in a hybrid setup and warrants implementa-

tion of an Offshore Bidding Zone under the conditions specified in section 4.5.

The tendering principles for the Princess Elisabeth Zone propose a contract for difference to stabilize the
wind farm’s revenues and protect them from such risks. The scheme applies in both the Home Market
and Offshore Bidding Zone model. The scheme can apply equivalently to both configurations, so long as
the corresponding local market price is used as the reference price for the scheme, i.e. the Belgian mar-
ket price for the HM model and the Belgian OBZ price for the OBZ model. One of the most important ele-
ments in the proposed high-level design is that the settled volume is based on the farm’s “Available Ac-
tive Power” or “AAP”. Rather than actual injection, it is a metric for the potential injection a wind farm
could have delivered (accounting for e.g. wind speed, park topology, outages...) even if the actual injec-
tion is reduced. This makes it characteristic of a “capability-based CfD”, as for example mentioned and
supported by ENTSO-E 21, and has a number of important advantages over injection as a metric with re-
gards to risk coverage for wind farms. This also appertains to the volume and price effects in an OBZ and

under AHC. In addition, it ensures more efficient bidding and dispatch behavior.

Some examples using a fictional strike price of 80 €/ MWh for the CfD and 400 MWh of potential injection
(= AAP) illustrate this further in an OBZ configuration. For further clarification: the strike price is the price
a candidate offers in the tender for offshore wind and represents the revenue per MWh they will be guar-
anteed under the CfD. To this end, the wind park presumed to make revenues in the market according to
a reference price over the course of the contract. The CfD will then settle the difference between the ref-

erence price and the strike price, via either payments from the state to the wind farm (if the reference

21 Referred to in their position paper on the 2023 Electricity Market Design Reform, available on: https://www.en-
tsoe.eu/news/2023/04/03/entso-e-s-position-on-the-ec-proposals-on-electricity-market-design/
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price is lower than the strike price) or payments from the wind farm to the state (if the reference price is

higher than the strike price).

For the volume effects, the use of AAP decouples the CfD payments from actual injection. Therefore, if
for example the import from UK towards Belgium outcompetes the offers made by wind because of nega-
tive pricing, the volume the wind farms were not able to sell is still covered by the CfD (to be noted that
there is no material loss of market revenues even if the wind is not selected by the market, since the non-
selection implies that the market price in the OBZ is lower than the bid price, i.e. zero or negative if the

wind bid at zero).

Note on AAP calculation:

It is first important to note that Elia does not have the responsibility to execute the settlement for the sub-
sidy scheme, but that this is a competence assigned to the regulator. Secondly, while Elia has observed
positive results in using AAP for baselining, it is our understanding that the regulator has certain rights to
verify the accuracy of AAP and if needed correct the value. It is the bidder's responsibility to ensure accu-

rate data is delivered.

Example using a fictional strike price of 80 € MWh for the CfD and 400 MWh of potential injection:
if the import possibilities towards Belgium would be saturated and there is a substantial supply offer in UK
below -30 €/MWh, this would mean the market coupling algorithm will prefer flows from UK at negative
price towards Belgium over the 400 MWh offer made by wind at 0 €/MWh?2. This results in a volume ef-
fect by which the OWF will be requested to produce lower volumes than the 400 MWh offered. However,
even if the capacity is not allocated to wind (and injection in the end is even reduced to 0 MWh), the AAP
remains at the volume the wind park could have produced and reimburses the difference payment of the
80 €/MWh with respect to the OBZ -30 €/MWh?3 clearing price for the 400 MWh of potential injection.

Section 4.5.1.4 depicts a similar situation.

Under AHC, it could be that wind is not selected (and prices are negative) even if prices of surrounding
bidding zones are all positive. This is possible if an increase of export from the CORE Flow-Based region

to the UK would alleviate constraints in the region and therefore allow more exchanges within CORE and

22 |In practice, AAP is a real-time metric, whereas the volume offered in Day-Ahead is a forecast. Due to forecasting errors, it is
therefore unlikely that the AAP will match the volume bid in Day-Ahead. The example ignores this for simplicity. However, it should
be noted that a CfD based on injection does not mitigate this and retains a worse coverage of risks overall.

2 The details of the CfD are not yet known at this stage, but it could be argued that it reimburses up to a reference price of 0
€/MWHh, since the -30 €MWh in this example is not a cost the windfarm suffers if it bids at real cost.
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if that would be a more welfare optimal solution (see Section 4.6.2.3). In that case, the wind will also not
be selected in the Day-Ahead clearing. However, the same logic as in the above example applies to such

a case (i.e. imagining the clearing price for the OBZ under AHC is -20 €/ MWh as in the referred case).

Note that, as mentioned in the previous section, the price under AHC could also be higher than any sur-
rounding bidding zone. It should further be noted that wind would still have an incentive to be selected
and inject at any price higher than its (close-to-zero) cost. If the example clearing price of the OBZ is for
example 20 €/ MWh, the wind farm would only get 60 €/ MWh (strike price 80 €/ MWh — OBZ price 20
€/MWh) from the CfD mechanism for the 400 MWh of capability, but would need to also sell that 400
MWh to get the extra 20 €/ MWh to arrive the strike price of 80 €/ MWh. The wind farm should be able to
obtain the 20 €/MWh by selling in the market of the reference price (e.qg. if the reference price is the Day-
Ahead Price, by selling in Day-Ahead). This example shows that CfD revenues are a complement to mar-

ket revenues and only both together ensure an income per MWh equal to the strike price.

The difference payments should both protect against structurally low prices for the wind farms and avoid
more payments from the state than necessary to support the project if prices are structurally high over the
period, as it aims at levelling out reference price income with the strike price. As a result, it protects
against both the risk of revenue shortage and avoids revenue volatility. In addition, the capability-based
CfD does not give incentives to inject under negative imbalance prices (i.e. when there is a surplus of
production in the system and excess injection suffers a cost), nor do negative price occurrences affect
CfD revenues. This is not the case in injection-based CfDs, where a wind farm loses the CfD payments
for every MWh not injected and for which many designs have a “cut-off” price (e.g. 0€/MWh) below which

support payments are discontinued.

Finally, system or regulatory evolutions can affect price levels in the OBZ and the volume clearing for off-
shore wind. The capability-based CfDs independent volume reference and difference payment also pro-

tects against these types of risks.
Note on Transmission Access Guarantees: The 2023 European Market Design Reform proposal con-

tains a provision to permit the use of congestion income for funding a Transmission Access Guarantee or

“TAG” for wind farms. Engie Impact put forward this design at the behest of the European Commission to
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analyze ways of congestion income sharing24. The purpose of a TAG is that wind farms would get com-
pensated if in-sufficient grid capacity is available for them to export their wind production. In addition to
the unclear scope and detailed design of TAG, it is understood TAG would only compensate for very spe-
cific volume risks, at a price which is likely to be rather theoretical. It is furthermore relatively certain that it
does not provide coverage of volume risks due to price competition or price risks in an OBZ. The capabil-

ity-based 2-sided CfD by comparison provides exhaustive risk coverage all in a single mechanism.

It should be noted that the application of the 2-sided capability-based CfD is limited by design by its life-
time, which at the time of writing is set to 20 years (as specified in the Royal Decree on the tendering pro-
cess for the Princess Elisabeth Zone), and via a potential share which is purposefully free of support via
the “carve-out” mechanism. Concerning the lifetime, Elia observes that it is in line with most similar
schemes applied abroad. Furthermore, revenues so far in the future are likely highly depreciated. For the
share that is carved out, Elia recognizes that the aforementioned risks are not covered. Nevertheless, it is
important to note that this leaves the wind park commercial revenue margin as it is exempted from the
CfD and it is their choice whether to apply this exemption or not. Elia respects the freedom of choice
given to candidate wind parks in this matter and only aims at making the risk description as clear as pos-
sible to help the candidate wind parks making their choices. On the other hand, Elia strives, with the tar-

get market design presented in this report, to achieve the most beneficial solution for society as a whole.

Secondly, it is unclear at this stage to which extent/if the 2-sided capability-based CfD covers the risk of
potential balancing costs under the mititgation measures (cf. section 5.7) or under a flexible connection. It
should, however, be noted that balancing costs give an incentive to the wind parks to resolve such imbal-
ances. Eliminating such imbalance costs and thereby removing the incentive will not trigger actions by the
wind park and, by default, leave the residual issue with the TSO. Furthermore, Article 5 of European reg-
ulation 2019/943 §1 states that “all market participants shall be responsible for the imbalances they cause
in the system”. In that sense any support targeting the management of imbalance costs should retain full
balancing responsibility for wind farms to remain compliant with EU legislation. The current report aims to
be transparent about the potential risks of imbalance costs, so candidate wind parks can take this into ac-
count appropriately. Whether further risk coverage is required to manage this is for the Belgian govern-

ment to decide, but it cannot absolve the wind parks of their balancing responsibility.

24 The report on TAG is available on: https:/enerqgy.ec.europa.eu/system/files/2022-09/Congestion%200ff-
shore%20BZ.ENGIE%20Impact.FinalReport topublish.pdf

146


https://energy.ec.europa.eu/system/files/2022-09/Congestion%20offshore%20BZ.ENGIE%20Impact.FinalReport_topublish.pdf
https://energy.ec.europa.eu/system/files/2022-09/Congestion%20offshore%20BZ.ENGIE%20Impact.FinalReport_topublish.pdf

Elia | Technical report — Final outcome of the Task Force Princess Elisabeth Zone

Offshore Bidding Zones will be an enabler to deploy a more and more meshed-oriented offshore grid in-
frastructure. With the PEZ hybrid set-up, Elia prepares this future and strongly believes an OBZ in Bel-
gium will become a necessity and ultimately a reality. This section explains what is driving the timing of
the OBZ.

Furthermore, it is important to be prepared once the trigger(s) to realize OBZ materialize. This section
identifies which legal process ought to be followed for deciding upon the creation of an Offshore Bidding

Zone and portrays some considerations for its further implementation.

The key driver for the OBZ is the integration of an interconnector whose capacity is allocated through im-
plicit price coupling. The OBZ can indeed only fulfil its objective of enabling efficient market arbitrage if all
the market exchanges making use of the connection between the PEI and the onshore grid are subject to

implicit price coupling.

Aside from the timing of the realization of the Nautilus and TritonLink interconnectors, the following ele-

ments influence the timing of the OBZ:

1) Return of UK to the European single implicit price coupling. The market topology under explicit cou-
pling is not expected to be combined with an Offshore Bidding Zone, at least not during the period
where the Nautilus interconnector with the UK is the sole interconnector integrated onto the PEI;

2) Technological developments regarding DC circuit breaker technology and multi-terminal HYDC, and
associated challenges of HVDC interoperability across multiple vendors. A stable and mature solution

is required to electrically connect TritonLink to the PEL.

Furthermore, it must be noted that the perspective of the OBZ does not depend solely on Nautilus and/or

TritonLink. These are the most concrete projects yet there are other options.
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Market design with split node operation for Princess Elisabeth Zone

Conditions for the timing of the OBZ
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Figure 78 Market design with split node operation for PEZ: conditions for timing of the OBZ

» Earliest scenario: 2030

The earliest scenario is one where the following two events materialize:

1) The realization of the Nautilus interconnector as per its current planning;
2) Return of the UK to the European single implicit price coupling. There is currently no indication

that it would be decided, nor of a timing to make such policy decision.

» Later scenario: 2035

In case the uncertainty on the return of the UK to the European single implicit price coupling remains by
2030-2035, the Nautilus interconnector by itself will not trigger the creation of an OBZ. The trigger is then
the meshing of Triton (or any a (hybrid) interconnector being connected electrically to the PEI which is
included into the European electricity market via implicit price coupling and hereby puts the intercon-
nector capacity and the wind generation in direct competition with each other during the market allocation

process) into the PEI, which requires two events to materialize:
1) The realization of TritonLink, currently under study with indicative timing 2031-2032;

2) Technological developments enabling the meshing of TritonLink into a multi-terminal HVDC set-

up — not expected before 2035.
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Note the OBZ in such scenario enables market arbitrage between TritonLink and offshore wind, yet the
forecast inefficiency of dividing transmission capacity to two different allocation processes (explicit cou-

pling with UK, implicit price coupling in Europe) remains.

It is possible the 1.4 GW offshore wind (PEZ Lot 3) is temporarily connected in a Home Market configura-
tion. In a scenario where the offshore wind is connected whilst there is no certainty about the materializa-
tion of the driver(s) for an OBZ, the 1.4 GW offshore wind (PEZ Lot 3) is connected first in Home Market.
When at a later stage there is certainty about the materialization of the driver(s) for an OBZ, the OBZ im-

plementation trajectory will determine the end of this temporary period.

In a scenario where the offshore wind is connected first and early in the process there is certainty about
the materialization of the drivers for an OBZ, it becomes an implementation choice. Either the OBZ imple-
mentation trajectory is synchronized to the arrival of the offshore wind implying there is no temporary pe-
riod where the 1.4 GW offshore wind (PEZ Lot 3) is connected in Home Market. Either the OBZ imple-
mentation trajectory is synchronized to the integration of the interconnector implying the 1.4 GW offshore

wind (PEZ Lot 3) is connected in Home Market until the interconnector is integrated.

The following EU regulations are relevant for the determination of bidding zones:

1) Regulation (EU) 2015/2022 establishing a guideline on Capacity Allocation and Congestion Manage-
ment (CACM). Articles 32 and 34 of the CACM set out rules on review of bidding zone configuration,
yet this is a very heavy, complex and lengthy process;

2) Regulation (EU) 2019/943 on the internal market for electricity, part of the Clean Energy Package
(hereafter Electricity Regulation). Electricity Regulation Article 14 offers the possibility to apply a

leaner process.

To establish an OBZ the straightforward approach is to use the lean process offered by Electricity Regu-

lation, initiated by the creation of a structural congestion report by the national TSO.

The rationale behind it is that by default bidding zone borders need to be applied to deal with the struc-
tural congestion. In order to establish an OBZ in principle it suffices to justify that the network elements
between the PEI and the onshore Belgian bidding zone contain structural congestion. As the PEl is a hy-
brid solution, the structural congestion between the PEI and the onshore Belgian bidding zone is present

by design.
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Practically speaking, the process contains the following steps:

Elia delivers a structural congestion report;

CREG approves the structural congestion report. This comes along with a public consultation
as per national rules;

Elia and CREG notify the relevant transmission system operators and relevant regulatory au-
thorities that, on basis of the approved structural congestion report, Belgium initiates a review of its
bidding zone configuration;

Belgium as Member State has 6 months to consult the relevant stakeholders, take a rea-
soned decision on the creation of an OBZ and notify this to ACER & EC. The decision should mention
an implementation date;

Publication of the decision.

As part of this process, it is to be clarified whether ‘relevant’ TSOs, NRAs, and Member States materialize
as ‘neighboring’ or if it concerns a larger geographical scope up to the whole Core CCR. Experience
feedback from similar use cases will be helpful. A first concrete application is the Danish case of estab-

lishing an offshore bidding zone for the Bornholm Energy Island.

To initiate the formal process to determine the OBZ, the timing has to be sufficiently certain. Elia will mon-
itor aforementioned drivers / uncertainties in alignment with authorities and continue to inform its stake-
holders. Based on current information, Elia expects it will take beyond the timing of the (first) tender to get
sufficient certainty.

After the formal process to establish the OBZ, an implementation track follows in which:

1) The OBZ and the new bidding zone borders need to be formally assigned to a capacity calculation
region. This requires an amendment to the pan-EU methodology of CCR determination;

2) The OBZ and the new bidding zone borders have to be integrated into the capacity calculation and
allocation processes.

Possibly amendments are needed to the regional methodologies. This can only be properly assessed

closer to the go-live date of the OBZ, because the baseline of capacity calculation and operational secu-

rity processes is massively changing in the coming 5 years at least in the Core CCR.

The lead-time to run the formal process to define and implement the OBZ is estimated at 2-3 years. The
implementation part is however dependent on regional / pan-EU decision-making and prioritization and
could take more time in case of structural / controversial amendments to regional methodologies and/or

concurrent developments in the implementation pipelines.
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This section aims to provide more understanding of the price and volume effects in the OBZ under AHC.
First the principles of flow-based pricing are explained. As part of these principles the occurrence of non-
intuitive flows and how such flows contribute to a more efficient usage of the capacity of the onshore grid
and thus to a more optimal market outcome is clarified. In the next step the concept of virtual hubs is in-
troduced. Virtual hubs are virtual bidding zones which are used to model AHC into the market topology
and are the tool which allows the market coupling algorithm to create efficient competition for the usage
of scarce capacity of the onshore grid. Finally, the different price and volume effects taking place in the
OBZ are illustrated with easy-to-understand examples building upon the previously introduced concepts

of flow-based pricing, non-intuitiveness and virtual hubs.

4.6.1.1 Flow-based can be non-intuitive

For the below discussion, we assume that welfare maximization price coupling is implemented between
SDAC and UK using the OBZ concept under AHC, as this is the theoretical target model for hybrid off-
shore interconnectors. We expect the reader to be already somewhat acquainted with the notion of “non-
intuitive prices” under flow-based market coupling, and merely depict here how non-intuitiveness would
apply to the combination of AHC and OBZ.

As a reminder, a solution is defined as “non-intuitive” when the sum of the net positions of the cheapest
areas is negative. A market result is for example non-intuitive when the area with the lowest market clear-
ing price is importing (while one would intuitively expect the cheapest markets to be exporting). This pe-
culiarity is a direct consequence of the “flow-factor competition” and is derived from the duality conditions
of the welfare maximation problem, and in particular the intrinsic relation that exists already today be-

tween the clearing prices within a flow-based area:

P, — P, = Yiccs(PTDF,; — PTDF,;) Sp; va,b
Where

- P, is the market clearing prices of area a;
- PTDF,; is the flow factor of area a over the critical branch i (part of the set of critical branches CB);
- Sp; is the dual variable / shadow price of the flow-based constraint of the critical branch branch i (rep-

resenting the cost impact of the constraint over the welfare objective function).
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Because of this relation, the price differences between pairs of hubs in a flow-based region are interlinked
by their respective flow distribution factors, and the contribution of a given price difference between bid-
ding zones to the welfare objective function is weighted by its relative impact over the grid constraints by

the means of the shadow prices.

4.6.1.2 Simple example of non-intuitive prices

The following example illustrates non-intuitivity composed by 3 nodes (denoted BE, NL and VHBE (Virtual
Hub BE)) in a triangular setup, where all lines have equal impedances. We assume that the critical
branch between VHBE and NL is the scarcest capacity and is therefore the only grid element which is

constrained, with an available margin of 200MWh.

Given the equal impedances, the grid constraint can be written as follows
—100 < ¥sNexgg + %sNexyypg + ONexy, < 100

Where

- Nex, is the net export of area a;

- Nexyy, is the net export of the virtual hub a.

This means that one third of the export from BE to NL uses the constrained line, and two third of the ex-

port from VHBE to NL uses this line (see Figure 79).

o S
L S ——

Figure 79 : Simplistic flow-based example composed by 3 hubs and 3 lines of equal impedances

Because of the flow-based price relation explained above, the price difference between NL and VHBE will
always be exactly the double of the price difference between NL and BE
(NB: this property holds for any of possible shadow price (SP) value, as the SP is variable on both side of

the third equation below)
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* Py, —Pyupe =§Sp1

* PNL_PBE=§SP1

* Hence SP ZS(PNL_PVHBE) = 3(Py — Pgg)
« and (Py, — Pyupgr) = 2(Pyi, — Pgg)

Economically, this is justified because — given that an export from VHBE to NL uses twice as much of the
scares grid capacity compared to an export from BE to NL, an export from VHBE is economically efficient

if it provides exactly twice as much of the value/welfare as an export from BE.

Making this more concrete in a toy example which is visualized in the figure below. For this example fol-

lowing simple orderbooks are supposed:

* NL: buy 3 000MWh at 100€/MWh
* BE: sell 3 000MWh at 80€/MWh
* VHBE: sell 3 000MWh at 70€/MWh

With this data, the grid constraint is in any case binding and thus importing the full 3 000 MWh demand to
NL is impossible due to the grid constraint. In the welfare-optimal solution that takes into account the con-
straint of the grid, BE exports 300MWh; NL can only import 300MWh and VHBE has a neutral net posi-
tion. In this solution the total welfare generated is equal to 300x100-300x80=6000€ (See Figure 2).

Clearing prices are deducted from the dual formulation of the welfare maximization problem which com-
prises a set of pricing constraints. For example, clearing prices are such that - in each area - they are be-
low (respectively above) or equal to the locally accepted sell (resp. buy) orders; and are above (resp. be-
low) or equal to the locally rejected sell (resp. buy) orders. This is often referred to as “in the money or-
ders are accepted and out of the money orders are reject” (from which one can also deduct that partly ac-
cepted orders are at the money and set the clearing price). Such properties ensure that clearing prices
are coherent with the acceptance/rejection of orders. Further, prices respect the flow-based price proper-

ties described above, such that optimal prices respect the flow factor competition.

For BE and NL, as the local orders are partially accepted (i.e. they are partly accepted and partly re-
jected), these orders are marginal and set the clearing prices for BE to 80€/MWh and for NL to
100€/MWh. The VHBE clearing prices must not only be at most 70€/MWh (i.e. the price of the rejected
sell order in VHBE), but must also be set such that the price difference between VHBE and NL is the dou-
ble of the price difference between BE and NL as defined by the FB pricing principles of the formula
above. This is why VHBE clears at 60€/MWh.
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Sell 3000MW@ 70¢/MW Sell 3000MW@S0C/MW

Figure 80 : 5 of the flow from BE to NL uses the constraining line

To get more intuition over these results, imagine that VHBE would be exporting. Its order can only be par-
tially accepted since the full 3000 MW cannot be exported due to the grid constraint, hence VHBE would
clear 70 €/ MWh. The maximal possible export of VHBE would be 150 MWh providing a welfare of
150x100-150x70=4500€, which is lower than the optimal solution. If we start with this solution where
VHBE exports, a reduction of 1MW of this export from VHBE to NL reduces the welfare by 100-70=30€.
But this frees up the tie constraint such that an addition of 2MW extra export from BE to NL (which gener-
ates 2x(100-80)=40€ of welfare) becomes possible. It is therefore advantageous from a welfare perspec-
tive to increase the export of BE, even though the price difference is smaller, because the export capabil-
ity of BE is the double of the export capability of VHBE. This is so as long as the price difference between
VHBE and NL is less than the double of the price difference between BE and NL, resulting in a clearing
price of 60 €/ MWh. Consequently, VHBE ends up with a net position of zero since this clearing price is
not high enough for the sell bid in the VHBE. Its clearing price of 60€/MWh is not defined by a marginal
order, but by the flow-based price property described above. This latter price means that (everything else
being equal) a sell order in VHBE will be accepted at a price of at most 60€/MWh. This is logical as with

such a price, it would generate at least the same welfare as a flow with doubled volume from BE to NL.
Similarly, if the price of the BE order would be at least 85€/MWh (everything else being equal), it would

become more profitable to clear the order in VHBE at 70€/MWh as only then the price difference between
VHBE and NL is twice the price difference between BE and NL.
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The next example aims to explain the notion of non-intuitiveness. It builds on a further modification of the
example in the previous section. In addition to the previous example a buy order in the VHBE at a price
above the clearing price of 60€/MWh is added. Logically, such an “in the money order” should be ac-

cepted. To further illustrate the notion of non-intuitiveness, the orderbooks in this example become:

* NL: buy 3 000MWh at 100€/MWh

* BE: sell 3 000MWh at 80€/MWh

*  VHBE: sell 3 000MWh at 70€/MWh

+ (NEW) VHBE: buy 150MWh at 65€/MWh

With this modified data (see Figure 81) prices are unchanged (NL clears at 100€/MWh; BE clears at
80€/MWh and VHBE clears at 60€/MWh) but VHBE now imports 150 MWh as the buy order in VHBE is
fully in the money hence fully accepted; and BE exports 600MWh while NL imports 450MWh. This is non-
intuitive because VHBE is the cheapest market and is importing (while intuitively one would expect the
cheapest market to be exporting). What happens here is that the non-profitable trade from BE to VHBE
(which implies a negative welfare of 150x65-150x80= -2250€) frees up capacity over the tie constraint (-
150MWh/3=-50 MWh going in the direction opposite of flows to NL) which enables an additional profitable
trade of 150x100-150x80 = +3000€ from BE to NL (which thus more than compensates the welfare-losing
trade).

In a nutshell, a non-intuitive flow is the consequence of some sort of “trade-off” that can non-intuitively set
“welfare loosing trades” on some exchanges if they enable further “welfare generating trades” on other
exchanges which more than compensate the losses, and is intrinsically linked to the fact that all trades
don’t have the same impact over the constraints (i.e. flow factor competition weights the “loosing trades”

and the “winning trades” based on their relative impacts over the constraints).
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Sell 3000MW@70¢/ MW Sell 3000MWSS0C/ MW
Buy 150MW@65C/MW

Figure 81 : VHBE imports while being the cheapest market, which frees up capacity enabling further wel-
fare creation

4.6.2.1 Non-intuitive example specific to AHC with a hybrid interconnector

The previous examples were not directly related to AHC and were an introduction to the notion of flow

based pricing and non-intuitivity. In this section the aspect of an OBZ with AHC is added.

Expanding on the previous example, let us consider the topology and orders as shown in Figure 4, which
schematically represents the Princess Elisabeth Zone as an Offshore Bidding Zone (OBZ) fed by wind
generation. It is connected on the one hand to Great-Britain (GB) and on the other hand to our simplified
flow-based area composed by one virtual hub in Belgium, one real hub in Belgium and a third real hub
representing the Netherlands. In reality, the flow-based will likely be the CORE flow-based region at that
time, but this simplified topology illustrates the conceptual principles sufficiently well while limiting the

complexity of the example.

In addition, a value for the capacity of the ATC lines between VHBE and OBZ and GB and OBZ is
needed. Without making any assumptions on the real ATCs, 1200MWh for the VHBE-OBZ and 900 MWh

for the OBZ-GB is used in this example for illustrative purposes.

Lastly, VHBE has no orders (which will also be the case in reality in the market coupling where virtual
hubs are indeed only there to facilitate the implementation of AHC, but where no real orders will be sub-
mitted), and the GB orderbooks are assumed to be 3000 MWh of offer at 70 €/ MWh and 3000 MWh of
demand at 60 €/ MWh. The offshore windfarm in the OBZ expects to produce 750 MWh of wind produc-
tion and offers this wind production at a price of 0 €/ MWh to the market. NL and BE orderbooks remain as

in the previous example.
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Sell 3000MWh@70¢/MWh Sell 750MWh @00/ MWh
Buy 3000MWH @65¢/MWh

Figure 82 : If the VHBE price is not visible, BE seems to (non-intuitively) export to OBZ

With these data, NL imports 450MWh and clears at 100€/MWh, BE exports 600 MWh and clears at
80€/MWh; and VHBE import 150MWh in the flow-based area and clears at 60€/MWh due to the FB pric-
ing principles, again including a non-intuitive flow between BE and VHBE for the reasons as explained in
the previous examples. On the flow-based domain, a net flow of (/4.600 - %5.150) = 100MWh on the tie
line is constraining further trade within the region. But also, further trade on the external borders is hereby
prevented, since the concept of AHC allows the market coupling algorithm to create efficient competition

between internal and external borders for the usage of scarce capacity.

This example is similar to the one above with the key difference that VHBE has no order and instead re-
exports its net position to the OBZ (which in turn, together with the wind, exports it further to GB). Be-
cause there is no flow factor competition in ATC constraints, their price properties (i.e. dual optimality
conditions) are always intuitive: the flows over ATC lines always follow the price difference from low to
high price areas; and a price difference is only possible when the ATC constraint is binding/congested?®.
As VHBE exports 150MWh to OBZ, the ATC is not congested and the OBZ clearing price must be the
same price as in VHBE, e.g., OBZ clears at 60€/MWh. At this price the offered wind production is fully in
the money hence its volume of 750 MWh is fully accepted. As a consequence, the OBZ exports a total of
900MWh (750 MWh wind + 150 MWh export of the VHBE) to GB over a congested ATC line, and GB
thus imports 900MWh and clears at 65€/MWh (the price of the marginal buy order).

25 |n our simplified examples, we ignore losses and ramping constraints — which would otherwise impact these properties.
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In terms of intuitiveness, one should remind that VHBE is a “virtual hub” and therefore its price is not typi-
cally looked at when looking at market prices across the market coupling areas (it is more common to
look at prices associated to real bidding zones). However, without considering the price of VHBE, it then
appears that BE clears at 80€/MWh, and that Belgium exports (in practice through its virtual hub) to OBZ
which clears at a lower price of 60€/MWh. The OBZ price is thus not contained within the bounds of
prices of the (non-virtual) flow-based areas. The OBZ intuitively exports to the more expensive GB that
clears at 65€/MWh.

The main take-aways of this is example are twofold:

1. The OBZ will be connected to its neighboring hubs via ATC constraints and the flows over ATC lines
always follow the price difference from low to high price areas and a price difference is only possible
when the ATC constraint itself is binding/congested (apart from ramping or losses)

2. When not considering the prices of the virtual hubs which are connected to the OBZ, it might appear
that the OBZ prices are behaving illogically and not intuitive when only comparing “real hubs” (in this
case GB and BE). Hence for correctly understanding the pricing behavior of the OBZ the virtual hub

price must explicitly be considered.

4.6.2.2 Virtual hubs are essential to understanding pricing behaviour of OBZ un-

der Advanced Hybrid Coupling

In a nutshell, the non-intuitiveness inherent to flow-based market coupling is further underscored by AHC
if some prices (e.g. the prices of the virtual hubs) not considered because they are less visible (e.g. be-
cause they do not apply to actual trades). If the prices of the VH are not considered by traders.

In general, it is NOT possible to identify any strong/robust “price property” that applies to AHC if the VH
prices are ignored/hidden. On the contrary, if VH prices are considered and visible, the prices within the
FB area respect the regular “FB pricing properties” (which may be non-intuitive but are fully justified), and
the prices over ATC lines respect the regular “ATC pricing properties” (which are genuinely intuitive, de-
spite the caveats related to ramping or losses). Therefore, in case of a 1-sided AHC model where the
OBZ will be connected to only 1 virtual hub, at least one of the two ATC lines connecting an OBZ will be
intuitive when comparing its prices to the adjacent real bidding zone (but of course intuitive to on both
ATC interconnectors when also considering the virtual hub). On the contrary, in case of a multi-sided
AHC model (e.g., an OBZ connecting to BE in the flow-based CORE area, directly to another bidding
zone with AHC and flow-based Hansa/Nordic area or even possibly with GB in a nodal setup), the OBZ
will then be connected to two virtual hubs. Hence the price properties between the OBZ and their con-
nected “real-virtual hubs” follows no analytical rule, justifying the need to also consider the prices of both

virtual hubs for properly understanding its behavior.
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4.6.2.3 Volume effects on the OWF due to competition with the FB grid

Given the above, it is very easy to create any desired illustrative example. Figure 73 is the same as the
example of Figure 72 but where the sell order in BE is now less expensive and becomes priced at
40€/MWh. Following the same reasoning as above, it remains welfare profitable to accept that order as
much as possible so that it becomes (partially) accepted. Consequently, the price in BE is now 40€/MWh
and, because of the Flow Based pricing principles, the price in VHBE is -20€/MWh (minus twenty €/ MWh)
as the price difference between VHBE and NL must be the double of the price difference between BE and
NL.

When VHBE imports 1MW from BE at 40€/MWh and re-exports this energy to OBZ, which in turn exports
it to GB where, it is sold at 65€/MWh in GB. This trade from BE to GB thus generates a welfare of 45€. In
addition, it relieves the flow-based constraint such that BE can export an additional 1MW to NL which
generates an additional welfare of 100-40=60€. As a result, the optimal solution consists of BE exporting
2100MWh; NL importing 1200MWh and GB importing 900MWh which is fully delivered by the BE hub and

not by accepting any wind production.

Flow-based area

Buy 3000MWh@100€/MWh

VHBE

ATC=900MWh ATC=1200MWh e

-20€/MWh

900MWh 900MWh T
— OMWh

Sell 3000MWh@70€/MWh Sell 750MWh@0€/MWh Sell 3000MWh@40€/MWh
Buy 3000MWh@65€/MWh

Figure 83 : Non-intuitive example where the cheapgst order in OBZ is optimally rejected due to a virtual
price
As explained before, if the price/role of the Virtual Hub in this result is not taken into account, a wrong
conclusion would be that BE clears at 40€/MWh while Belgium fully exports to GB which clears at a
higher price, and while the cheap (wind) offered in OBZ is rejected. To justify why this is optimal, let us
start with the optimal solution and suppose that we impose to accept 1 MWh of the cheap sell order of
wind in OBZ.
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This may appear as profitable at the first look, because we substitute a supply of 40€/MWh in BE with a
supply at 06€/MWh in OBZ, hence generating an additional welfare of 40€. However, doing so implies that
NL must import 1IMWh less from BE to respect the flow-based constraint, and hence 100-40=60€ of wel-

fare is no longer generated.

The net effect of imposing to accept 1MWh of the order in OBZ is thus 40-60=-20€ of welfare (which is by
construction the price applicable to OBZ). On the contrary, if the supply in OBZ would have been priced
at -20€/MWh, enforcing its acceptance would have a neutral effect, while it would be welfare optimal to
accept the supply in OBZ if it is priced strictly below -20€/MWh. This is precisely why OBZ clears at -
20€/MWh, which signals that a sell order priced below this limit would be “in the money” and accepted. As
a conclusion, optimal results under AHC can only be justified by taking into account the prices of the vir-

tual hubs and the “non-intuitive” effects implied by flow-based market coupling.

4.6.2.4 Volume effects on the OWF due to negative prices

The following example in Figure 74 further builds on the data in Figure 5 where the GB demand is re-
duced, and the GB supply becomes priced negatively at -30€/MWh. GB now offers very cheap energy,
which changes the direction of the flow such that GB exports 150MWh to NL. The fractionally accepted
supply in GB sets the clearing price of GB to -30€, as well as the prices of OBZ and VHBE which are part
of the same uncongested flow over the ATC lines between GB-OBZ and OBZ-VHBE. In the flow-based
area, the constraint is saturated, and the importing NL clears at 100€/MWh. Due to the flow-based pricing
properties, BE clears at 35€/MWh. It is to note that supply in OBZ and in BE are rejected as they are out
of the money, following the same reasoning as described above.

150MWh

Sell 3000MWHE-30€/MWh Sell 7S0MWHh S0/ MWh Sell 3000MWhESL0C/MWh
Buy 1000MWhEE6SC/MWh

Figure 84 : Volume risk for OWF due to negative prices in GB
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In 2020, Elia published its “MOG 2 system integration” study which formulated recommendations for the
system integration of 2.1GW of additional offshore wind capacity by 2028, being the Belgian ambitions at
that time. The study already concluded that specific mitigation measures were needed to manage the in-

tegration of additional offshore wind power, on top of the currently 2.3 GW installed.

The renewed offshore ambitions communicated at the end of 2022 by the government, aiming to install
between 3.15 and 3.5 GW of additional offshore wind power capacity by 2030 in the Princess Elisabeth
Zone requires a careful analysis to conclude if the proposed mitigation measures are sufficient in a sys-

tem with up to 5.8 GW of offshore wind power.

As in previous studies, it has to be investigated if the system can cope with the expected and unexpected
variations of wind power, as well as exceptional balancing conditions which will be caused by storm and

ramping events:

e storm events concern sudden variations of wind power generation due to the shutdown (cut-off)
and re-activation (cut-in) behavior of wind turbines in case of elevated wind speed (above 20
m/sec) related to high wind speed management systems of turbines;

e ramping events concern sudden variations of wind power generation as a result of wind speed
variation related to the exponential profile of the power curve at normal wind speeds (below 20

m/sec).

Being responsible for secure system operations, it is important for Elia to investigate the potential impact
of such behavior on the system security and make the necessary preparations to implement adequate
technical capabilities and appropriate procedures to cope with these phenomena. As some of these tech-
nical capabilities will need to be ensured via the wind turbines and wind parks to be installed, it is im-

portant to specify the required capabilities before the first wind park concession is tendered in 2024.

In a first step, Elia updated its projections of balancing reserve requirements following the integration of
additional offshore wind power, and variable renewable generation in general. The results confirm the in-
creasing of upward FRR reserve capacity needs from around 1000 MW today, towards 1590 MW in 2030
in the CENTRAL scenario, e.g. Elia’s best estimate based on the last Adequacy and Flexibility 2024-34
study published by Elia. Scenarios with low flexibility in the system may increase these FRR needs to al-
most 2000 MW in 2030, while most ambitious scenarios in term of flexibility developments allow to limit

these needs to around 1300 MW.
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Note that Elia’s has the ambition to manage increasing reserve capacity needs without additional balanc-
ing capacity procurements through the implementation of a dynamic procurement strategy, which is fore-
casting available local and cross-border non-contracted balancing energy bids in the system for the next
day to procure only upfront the missing energy as balancing capacity. This will nevertheless require sub-
stantial efforts in the development and participation of new flexibility in the system, either via reactive bal-
ancing through market portfolios (also referred to as implicit flexibility) or via balancing energy bids of Elia

(explicit flexibility).

Elia does not expect a fundamental impact of creating an offshore bidding zone on reserve dimensioning
and balancing capacity procurement. While reserve capacity needs may slightly increase due to lower
reactive balancing opportunities for the Balance Responsible Parties (BRPs) in the offshore Load Fre-
guency Control (LFC) Area associated to the offshore bidding zone, the flexibility that would have been
used for portfolio balancing by the BRPs should become available through balancing energy bids in the
EU balancing platforms. This will be accounted for in the dynamic procurement to reduce the need to pro-
cure balancing capacity. Network constraints between the Princess Elisabeth Island (PEI) and the Bel-
gian onshore system are neither expected to play a major role in the dimensioning of reserves as access
of upward balancing energy is always available via the connection to the onshore network, while the

availability of downward balancing energy bids is guaranteed through downward flexibility of wind power.

In a second step, Elia conducted system simulations of real-time operations with additional offshore wind
power. The simulations are built on simulated offshore wind power generation profiles towards 2030,
based on the latest assumptions of the future offshore generation park, discussed with stakeholders in
the Task Force Princess Elisabeth Zone (PEZ). The study also takes into account latest projections on

system flexibility and balancing market performance.

The system simulations predict frequent and large system violations under ‘worst case' balancing market

conditions and conclude that mitigation measures are needed to cope with:

e downward ramping events (resulting in system shortages), during storm conditions which may
result in a fast cut-off of the wind generation to protect the installations from very high wind
speeds, as well as during fast reductions of wind speeds under other conditions;

e upward ramping events (resulting in system excess), during storm conditions resulting in a fast
re-activation of the wind generation when wind speeds decrease, as well as during fast increase

of wind speeds under other conditions.

Note that in the analyses presented in this report, Elia also assumes that market participants remain re-
sponsible for imbalances in their portfolio and the system in line with the requirements from the Electricity

Regulation. This balancing responsibility translates in the incentive to minimize such imbalances.
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In addition, the study takes into account new expected developments concerning the offshore grid topol-
ogy presented in Section 2.3 and the target market design as explained in section 4.3 . This topology will
evolve from a hybrid interconnector connecting the offshore wind power and two countries, to an energy
island serving as a hub in a meshed HVDC grid. Concerning the impact on the balancing market, Elia
studied the impact on the LFC block structure when an offshore bidding zone. The option to have one
LFC block with two LFC areas aligned with the geographical scope of the bidding zones, is retained as
the most efficient:

e the onshore bidding zone (or onshore LFC Area) will contain all the wind power in the PEZ con-
nected to the AC system (2.1 GW), as well as offshore wind parks installed during the first wave
commissioned in 2020 (2.3 GW) ;

¢ the offshore bidding zone (or offshore LFC Area) will contain the wind power in the PEZ con-
nected to the DC system (1.4 GW).

Elia has a strong focus on facilitating the participation of new flexibility in the market and to increase the
possibilities of market parties to balance their portfolio. This is expected to contribute to a more efficient
and balanced system. Nevertheless, balancing market performances are subject to uncertainty and a
worst case outcome remains a possible trajectory towards 2030, certainly if barriers for the participation
of new and decentral flexibility are not timely removed. This includes the need for market reform (to allow
this flexibility to actively participate in the market and to react on price signals). The uncertainty regarding
whether sufficient flexibility will be in the market requires mitigation measures which can act as safety net
under low balancing market performance. However, if the market evolves towards good performance, the

mitigation measures will not be effectively used, or at least under rare circumstances.

The study is built on several interactions with stakeholders on the method, assumptions, results, and con-
clusions following several presentations and workshops in the Task Force PEZ. After the public consulta-
tion, Elia will conclude on the implementation of the mitigation measures for storms and ramping events

and determine the tender specifications accordingly.

Elia confirms the need for the three main mitigation measures for storm and ramping events presented in

the original MOG 2 system integration study:

Turbines with High Wind Speed capabilities allow wind turbines or wind farms to maintain generation
under very high wind speed conditions associated to storms while demonstrating a gradual ramp down of
the generation. Elia demonstrates that this capability allows to substantially reduce the occurrence and

the impact of sudden wind power cut-offs during storm conditions.
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This technology, already demonstrated in existing wind farms, is expected to become a standard feature.
Imposing this feature on newly installed offshore wind turbines is considered to be a no-regret solution.
Once installed, no further operational procedures are needed as the wind park ought to have the financial
incentives to continue generation under the highest wind speeds possible when facing adequate market

prices.

Elia will follow up on the latest information on high wind speed capabilities of available offshore wind tur-
bines on the market, up to the launch of the Tender, to ensure a reasonable trade-off between capabili-

ties requested in the connection requirements for turbines on the market and the system needs.

Ramping rate limitation on wind farms are needed to maintain system security during fast and large up-
ward ramping events, resulting in unexpected excess energy in the system, both during low wind speed
conditions (during a fast increase in wind speeds) and storm conditions (a re-activation after a storm cut-
off).

While the frequency and the impact of the latter should already be reduced with the High Wind Speed ca-
pabilities, it is shown by Elia that a ramp rate limitation is indispensable to manage excess generation.
The ramp rate limitation requires new farms to limit their upward ramp by reacting to a close-to-real-time
signal sent by Elia when the system faces large excess of energy (represented by the LFC block imbal-
ance). Note that today, the re-activation after storms is already coordinated bilaterally between each park
and Elia. With the additional 3.5 GW to be installed, a “park by park” coordination cannot be sustained
from an operational point of view. Note that existing wind parks will be allowed to choose between either

keeping today’s cut-in coordination regime?® or switching to the ramp rate limitation regime.

It is important to note that as long as the LFC block imbalance remains under a reasonable threshold,
e.g., remaining under a positive instantaneous LFC block imbalance of 500 MW, the wind farms remain
free to inject their available power without any intervention from Elia. The choice for triggering the meas-
ure on LFC block level and not on LFC Area level ensures to minimize activations (e.g. during situations
with onshore shortages) but also enables potential activations where the offshore parks are balanced
(e.g. during situations with onshore excesses). This will need to be monitored during operation and the

trigger will need to be reconsidered if negative effects are observed. In any case, the market maintains

% In order to cope with an increasing amount of parks to manage, Elia foresees to automize the cut-in coordination procedure to-
wards the commissioning of the first new offshore parks.
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the incentive to balance their portfolio and avoid the activation of the ramp rate limitation by Elia. If the
ramp rate limitation must nevertheless be activated by Elia during a large system excess, the imbalance
price is typically low and might even be negative. During such conditions, the financial impact of losing

the positive imbalance revenues remains limited and can even be to the advantage of the wind park.

Preventive curtailment foresees, in last instance, to communicate to curtail part of the wind power in the
intraday timeframe to anticipate an expected system shortage following downward ramping events. The
mechanism is needed on top of the High Wind Speed capabilities to deal with the downward ramping
events caused by the cut-off during storms, as well as with the fast downward ramping events during rap-
idly declining wind speed conditions. The measure needs to mitigate the risk of a short LFC block imbal-
ance, as it requires market players to cover the curtailed wind energy by means of additional intraday

market trades. This will then avoid wind power shortages occurring in the balancing timeframe.

Like in the current storm procedure, BRPs need to first inform Elia about the measures that they plan to
take in prevision of a forecasted storm event. Only when those measures, and the expected reserves at
disposal of Elia, would not be sufficient to cover the impact of the storm, Elia would request a downward
curtailment on the wind farms. The curtailed volume will be in function of the remaining shortage to be
managed. Note that Elia will have activated the slow start units (capacity offered outside the FRR-pro-
cess) first in line with its current storm procedure. This means that the measure will only be triggered after
giving the market the opportunity to self-balance, and after all expected balancing means of Elia are
used. If applied, the financial implications of the curtailment are expected to be limited to the spread be-
tween the intraday market price and the imbalance price, and can even be positive, at least if correctly

predicted.

An important caveat is that the predictability of downward ramping events during low wind speed condi-
tions is currently not as high as with storm events. Elia is investigating the future predictability of such
ramping events towards 2030. Elia does not exclude that, if accurate forecasting of ramping events can-
not be achieved, alternative or complementary measures will be needed, such as for instance the in-

crease in balancing capacity requirements.

Figure 85 presents an overview of the mitigation measures for storms and ramping events. Without preju-
dice of the responsibility of market players to balance their portfolios, Elia is responsible for system secu-
rity and needs to avoid system violations at any time. System simulations demonstrate the need for miti-
gation measures under low balancing market performance conditions to avoid alert and emergency state
situations and these measures are therefore a safety net for Elia to ensure system security. The required
wind turbine or wind park technical capabilities are therefore to be ensured today via the tender require-

ments.
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The mitigation measures are however designed to give to BRPs all opportunities to self-manage the ex-
pected impact of storm and ramping events in the intraday, and even up to the balancing timeframe be-
fore activating the mitigation measures. This means that during good market performance, no additional

costs for the market or society are incurred following the activation of the measures.

Elia believes that the mitigation measures are proportionate in view of alternative solutions based on pro-
curing additional reserve capacity and fair in view of the allocation of the costs to the responsible parties.

Elia aims to provide as much visibility and transparency as possible in this report by presenting the de-

sign principles to market parties. Nevertheless, while the technical capabilities to deliver the mitigation

measures will be imposed by Elia through the connection requirements linked to the tenders for offshore

wind concessions, the operational procedures themselves are subject to regulatory approval and might

also be subject to system evolutions towards 2029 — 2030.
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Figure 85 : Overview of mitigation measures

Figure 85 presents a fourth mitigation measures in light of the expected offshore grid topology, based on

the hybrid HVDC interconnector connecting the offshore wind power with Belgium and the United King-

dom. This measure is referred to as the preventive cap.
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The preventive cap serves to prevent in real-time network constraints caused by unexpected excess of
wind power in the HVDC system. It is demonstrated that in a case where the import to Belgium (following
import from the connected region, in first instance UK and later Denmark, together with the offshore wind
power generation) reaches the limits of the HVDC system, excess wind power after the intraday
timeframe needs to be capped to maintain system security. During such conditions, this excess wind

power cannot be evacuated to the Belgian LFC area without overloading the HVYDC system.

This means that in order to maintain a safe operation of the HVYDC system, a preventive cap will need to
be imposed on the wind parks connected to the DC system. It will correspond to a real-time injection limit
or operating margin that will be calculated based on the available capacity in the HVYDC system. The pre-
ventive cap is thus a specific measure needed for managing the hybrid use of an of HVDC system. With
the decision made for the split-node operation, the preventive cap will in this operational mode only apply
on wind parks connected to the DC system (Lot 3).

The parks in Lot 1 and 2, connected to the AC system will fall under normal congestion management pro-
cedures as in the split node operation they are operated separately from the DC system. During specific
situations (i.e. during long duration outages), Elia is investigating the possibility to temporary connect
wind parks in Lot 1 and Lot 2 to the DC system. During such situations, it remains possible that the pre-
ventive cap will be exceptionally applied on these wind parks. Lot 1 and Lot 2 will then need to demon-
strate the capabilities to implement the preventive cap. However, the measure will only be applied under
very exceptional conditions on the Lot 1 and Lot 2 and is therefore not expected to have significant finan-

cial impact (and will be covered by the Royal Decree Liabilities).

In view of transparency, the wind parks will be given foresight on the expected value on this injection limit,
or the operating margin in which they can inject their excess wind generation.

This information is an inherent part of the limitations considered in implicit trading with an offshore bidding
zone, where capacity calculation will reflect the direction in which capacity is available. In case it is not
possible to implement an offshore bidding zone, a home market setup will remain in place. In such case,
Elia intends to mimic similar congestion management approach. A best estimate of this injection limit (de-
termined as an operating margin for the wind farms) will be communicated in intraday to allow the wind
farms to determine the additional injections which can be supported by the system. This will require to
take into account the capacity of the HVYDC system, the cross-border exchanges in the day-ahead, intra-
day and balancing market, the capacity traded explicitly with UK, and the generation schedules within the
Princess Elisabeth Zone. Schedule updates that would go beyond the operating margins of the HYDC

system will not be accepted.
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Note that in most of the situations, it remains possible to trade excess energy in at least one direction. For
example, when the preventive cap will be triggered following export constraints towards Belgium, export-
ing towards UK remains typically possible. Further balancing opportunities to exchange very fast imbal-
ances with the connected regions may mitigate or limit the activation of the measure by allowing to export
the excess to, for instance, the United Kingdom or Denmark. Also, the availability of balancing coopera-
tion for slower flexibility may limit the duration of the trigger allowing to ensure the export of the excess
energy in the aFRR or mFRR timeframe. While such balancing cooperations are expected to exist with
Denmark (via the EU balancing energy platforms Mari and Picasso), this is not yet the case with the
United Kingdom. However, it is Elia ambition to have such balancing cooperation with UK to minimize
overall balancing costs. Elia plans to initiate these discussions with NESO, the National Energy System

Operator in GB, and Energinet.dk towards the commission of the Nautilus and Triton cable.

No financial compensation or remuneration for the mitigation measures is recommended by Elia. This be-
cause firstly, the effect of the mitigation measures on the business case of the wind parks is expected to
remain limited thanks to their design as ‘safety net’ after normal functioning. Both of the frequency of acti-
vation and the costs incurred per activation are expected to remain contained. Secondly, Elia considers
that allocating the costs to the market players responsible for the system security risk and the activation
of the mitigation measure is fair while ensuring the correct signals to the markets to self-manage imbal-
ances. Finally, any financial risks impacting the business case can be accounted in the financial support
mechanism (via the strike price of the capability-based contract-for-difference) when the candidate inves-
tors are not opting for the carve-out. For this reason, Elia tries to give as much as visibility and transpar-
ency as possible today on the design of the measure and occurrence of the events for market parties.
Note that Elia neither recommends to limit the amount of activations of the mitigation measures as it is
impossible to obtain full certainty on future system evolutions. An activation limit would undermine the ob-

jective of the mitigation measures to create a safety net for worst case market conditions.

It is however important to keep in mind that while the technical capabilities to implement the mitigation
measures will be specified in the connection requirement related to the tender, the design for the activa-
tion of the measures will need to be approved by CREG towards the connection of the first parks in
2029.

Elia investigated the potential impact of the offshore bidding zone on the mitigation measures. It con-

cluded that there are no fundamental impacts and the mitigation measures can be considered robust for a

framework with an offshore bidding zone. Nevertheless, while the offshore bidding zone improves ade-
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guate price signals in the balancing timeframe, there might be a slight increase on the activation fre-
guency, at least for the mitigation measures covering storm and ramping events. This follows limitations

of portfolio balancing in an offshore bidding zone.

Via this study, Elia recommends the implementation of three specific mitigation measures to manage the
future impact of offshore storms and ramping events on system security, and one additional mitigation

measure to manage excess wind power in a hybrid HVDC interconnector.

To allow Elia to manage system security, also in situations with limited balancing market performance, the
High Wind Speed, Ramping Rate Limitation and Preventive Cap capabilities are to be specified in the
Tender requirements (Section 5.9). By enforcing these capabilities as additional requirements in the con-
nection requirements today, Elia enables the possibility to implement the mitigation measures to ensure
system security, particularly when connecting the full offshore capacity in the Princess Elisabeth Zone to
the system in 2030. Note that the Preventive Curtailment does not impact the connection requirements as

these capabilities are already foreseen through general connection requirements.

Additionally, the operational procedures to implement the ramp rate limitations, preventive curtailment
and preventive cap need to be implemented through the regulatory framework in line with legal require-
ments. This can be implemented via the existing framework of the LFC Block operational agreement
(ramping limits and exceptional balancing measures), with activation procedures implemented via the
T&C Scheduling Agent (Ramp Rate Limitation) and T&C Balancing Responsible Parties (Preventive Cur-
tailment). Elia foresees to draft, consult and submit for approval the proposals towards the commissioning
of the wind parks. This still ensures sufficient time for implementation of the operational procedures and
required applications before the commissioning of the first wind parks. Submitting the proposals earlier in

time is not deemed appropriate in view of adapting the proposals to the latest system evolutions.

Meanwhile, Elia will continue its effort to ensure the participation of new flexibility in the market, and
thereby the ability of market players to balance their portfolio. Good balancing market performance will
allow to limit (and maybe even avoid) the triggering of the mechanisms and therefore also the financial

impact on the system.
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Previous studies such as Elia’s offshore integration study published in 2018 and the MOG 2 system inte-
gration study published in 2020, as well as the experience with the current offshore generation fleet of 2.3
GW as from 2020, have demonstrated the impact of unexpected variations of offshore wind power gener-
ation on the system imbalance in the Belgian control zone, also referred to as the Belgian LFC block. Par-
ticularly the unpredicted variations during high wind speed conditions (hereafter also defined as “storm
events”) or sudden changes in wind speeds or wind direction (hereafter also defined as “ramping events”)
have shown to trigger substantial system imbalances in the Belgian control area. This issue is particularly
relevant for the Belgian system as all Belgian offshore wind farms are situated close to each other in the
North Sea while it has been observed that they all behave in a similar way facing a storm or ramping

event.

In 2018, Elia has published a first study on offshore wind power integration aiming to prepare for the
commissioning of the first wave of 2.3 GW by 2020. It raised awareness on potential power variations of
storms and ramps facing limited predictability and formulated several recommendations which were put
into practice to manage storm events such as the development of (1) storm forecasting tools, (2) a proce-
dure triggering specific coordination between Elia and the involved market parties upon identification of a
storm (storm procedure) combined with fallback measures to pro-actively create additional flexibility in the
system (exhausted reserve procedure), and (3) additional financial incentives for market parties to bal-

ance wind power generation during extreme conditions (alpha parameter).

In 2020, Elia has published the MOG 2 system integration study which formulated recommendations
for the system integration of offshore wind capacity up to 4.4 GW. The study included several workshops
with stakeholders and public consultation of the report. The study recommended a set of operational and
technical constraints for the wind farms or concerned market players (BRPs) which need to be specified
before the tender for additional offshore wind power capacity, including the implementation of high wind
speed technologies, ramping rate limitations and preventive curtailment measures. In addition, it recom-
mended a set of general actions to be investigated by Elia such as further incentivizing appropriate reac-

tions of BRPs, enhanced mFRR activations strategies and enhanced forecast functionalities.

While the general actions were included in Elia’s different development roadmaps, the operational and
technical constraints were, on request of stakeholders, subject of an update of the study following the
commissioning of the full 2.3 GW. The scope, objectives and planning of this study were validated in a
workshop with stakeholders on June 28, 2021 but the study was thereafter put on hold following new off-
shore developments communicated by the government. In 2022, Elia re-launched this update of the study

including an investigation of:
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e theimpact of increasing offshore wind capacity from 4.4 GW to 5.8 GW on real-time balanc-
ing, reserve needs and proposed mitigations measures;

e the impact of the offshore grid topology based on hybrid HVDC interconnectors connected to
a meshed HVDC grid including an offshore energy island named the Princess Elisabeth Island,
as well as the potential implementation of an offshore bidding zone impacting the operation of

the Elia’s LFC block and imbalance price area.

5.2.2. Scope and objectives of the study

Figure 86 summarizes how the balancing study has been structured into four blocks. The first block con-
tains an update of the simulations of future offshore generation and prediction profiles, as well during nor-

mal conditions as during extreme wind power conditions defined by storm and ramping events.

In the framework of the MOG 2 system integration study (2020), the Technical University of Denmark
(DTU) validated a model on historical observations and implemented it to simulate future offshore wind
power generation and prediction profiles for 2.3 GW, 3.0 GW and 4.0 / 4.4 GW for the Belgian offshore
zone. In the framework of the study presented in this document, DTU validated and used its model based
on latest meteorological data (up to the end of 2021), the latest generation data of the full 2.3 GW off-
shore fleet installed, the new commissioning calendar (5.8 GW by 2030) and an update of technology as-
sumptions (towards 2029 - 2030). The simulated generation profiles during storm and ramp events are
used in the real-time system operation simulations for ramps and storms while the generation and predic-

tion time series are used for the reserve capacity projections. A summary of the analysis is presented in

Section 5.4, while the full DTU report is made available in Appendix 6.
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Figure 86 : Structure of the study
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The second block contains an analysis of the impact of Belgium’s renewable ambitions on Elia’s reserve
needs. On regular basis, Elia publishes projections of its reserve capacity needs. Projections until 2028
were published in the MOG 2 study (2020) with a presentation of reserve needs evolutions under best,
worst and reference scenarios. These projections were recently updated in Elia’s Adequacy and Flexibil-
ity study of 2023. The results presented in Section 5.5 of this report are based on the results published in
this study with projections based on latest system observations (system imbalances and forecast quality)

while taking into account the expected system evolutions.

Note that the results do not directly impact the tender specifications for the Princess Elisabeth Zone as
such but impact the real time system operations and costs, and this exercise should also be seen in the
framework of the request of stakeholders towards market stability and visibility on future evolutions. The
available reserve capacity is also an important assumption in the system simulations of real time opera-
tions presented in Section 5.6 and indirectly impact the justification of the mitigation measures needed to
manage storm and ramping events.

It is important to stress that reserve projections are only indicative as real reserve capacity nheeds and bal-
ancing capacity procurements will be determined on daily basis by the methodologies approved in LFC
block operational agreement and LFC Means, approved by CREG after public consultation. In addition,
the results of the projections are used as assumptions on the minimum available flexibility during storm
and ramping events and therefore impact the need for mitigation measures impacting the tender require-

ments.

The third block presented in Section 5.6 aims to update the simulations on real time system operation
during storm and ramping events with latest observations on such events, expected system evolutions
and the updated projections of generation and forecast profiles delivered by DTU. It needs to re-confirm
the need for the recommended mitigation measures and further elaborate on their implementation as
specified in Section 5.7 of this report. Note that while the initial focus of the study was on confirming the
mitigation measures, a context of 5.8 GW raises the question about the need for complementing and forti-
fying the proposed mitigation measures. The study aimed to be robust towards new evolutions compared
to the 2020 study. The model has been improved and adapted to the latest system evolutions, while mar-

ket performance criteria have been revised in view of the latest observations.

The fourth block aims at identifying the impact of creating an offshore bidding zone to which the new wind
power will be connected on the balancing market as well as on the conclusions of the other blocks (on
reserve dimensioning, system operation and mitigation measures). It is to be noted that the implementa-
tion of such offshore bidding zone is under discussion (Section 4.5). Elia also stresses the novelty and
complexity of the topic, with no best practices, limited literature and a legal framework which was never

conceived for such a context. The analyses presented in this chapter are based on the discussions of
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dedicated workshops on this subject with stakeholders. This block presented in Section 5.8 should there-
fore be seen as an extension of the analyses presented in discussion on market design of an offshore

bidding zone.

Section 5.9. concludes this chapter on balancing with an overview of the implementation roadmap of the

recommended mitigation measures presented in Section 5.9.
5.2.3. Timeline of the study

Figure 87 shows the timeline of the study showing the extensive stakeholders interaction track. Firstly,
effort was put in aligning the assumptions of the study. This is important considering the vast amount of
simulations and analyses and the difficulty to revise fundamental assumptions during the process. Sec-
ondly, attention was put in presenting the full results of the analyses to stakeholders. Stakeholders could
raise questions during the presentations, as well as after the presentations in a bilateral way. Elia an-
swered in the Task Force to ensure full dissemination of available information. Finally, stakeholders had

the opportunity to raise their questions and remarks in a formal context during this public consultation.

Task Force Princess Elisabeth

19/10/2023
Wrap up discussion and final

01/04/2022 24/06/2022 1/10/2023

Launch ofthe TFMOG 2  Resuits simulations Resuits reserve Discussion
andupdatescopeand  generationprofilesand  dimensioning and mitigation on mitigat
assumptions forecasts measures measures TENDER

o [ ] ® : [ ] [ ] [ ] ] @ Public consultation O

23/12/2020 24/06/2022 15/02/2023 17/03/2023 Q42024
Publication of MOG 2 Workshop on WG BAL workshop on Workshop on
system integration study balancing OBZ reserve dimensioning balancing OBZ

28/06/2021
Launch ofthe MOG 2
study update

Figure 87 : General planning of the balancing study
5.3. General assumptions

The generation and forecast profile simulations conducted by DTU were launched in April 2022. As-
sumptions were presented to stakeholders in the Task Force PEZ of April 1, 2022. Stakeholders were re-
guested to provide input which might improve the accuracy of calculations. Such input was needed to be

received before April 22, the latest.

Inputs were received from turbine manufacturers, the Belgian Offshore Platform and Public Services

which resulted in a communication of the updated assumptions by mail on April 29, 2022.

173



Elia | Technical report — Final outcome of the Task Force Princess Elisabeth Zone

The wind generation and prediction profiles were simulated for different scenarios. Firstly, simulations are
conducted for the existing Belgian 2018 fleet (0.9 GW) and the Belgian 2020 fleet (2.3 GW). These simu-
lations are only used for model validation as the results of the simulation can be compared with the ob-
servations. Note that the Belgian 2018 scenario corresponds with the MOG 2 study in 2020 and is kept in
this study to allow comparison between both studies but the focus of this report is on the validation of the
Belgian 2020 fleet.

Secondly, projections of wind power generation and forecasts are simulated by DTU for 3.0 GW (initially
foreseen for 2028), 4.4 GW (initially foreseen for 2029) and 5.8 GW (foreseen for 2030). Begin 2023, dur-
ing the Task Force PEZ of January 10, 2023, the Federal Government communicated an update of the
planning in which it is specified that 3.0 GW will only be realized in 2029, while the full 5.8 GW remains
foreseen for 2030. This does not directly impact the analyses conducted by DTU but the 4.4 GW scenario
loses relevance for the study. However:

o Focus of the system simulations in Section 5.6 to investigate the impact of extreme balancing condi-
tions were focusing only 5.8 GW and therefore the update of the planning has no impact on the re-
sults presented in this study;

e While the impact on reserve capacity simulations was presented in the Task Force PEZ on January
10, 2023 with the old planning. This new planning impacts the calculations for 2028 and 2029. The
simulations are for this reason updated in this report with latest renewable projections presented in
Elia’s Adequacy and Flexibility study 2023.

It is noted that the official communications of the Federal Government target an additional installed ca-
pacity of 3.15 — 3.5 GW?7 but in order to assess robust criteria for the tender, the maximum targeted ca-

pacity is taken as reference in this study.

Figure 88 represents the topology (location of the wind turbines) assumed in the study. Note that as with
the previous study, the Borssele offshore cluster in the Netherlands is considered because large wake

effects are expected due to its proximity to the Belgian fleet. The planned offshore plants in Dunkirk

27 More info on FPS Economy website: https://economie.fgov.be/en/themes/energy/belgian-offshore-wind-energy
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France are not modelled because their larger distance to the Belgium fleet makes them irrelevant in

terms of farm-to-farm wake losses.

0.96W 2.36W 3.06W 4.46W 5.86W Netherlands
Belwind Marther «  kavel 1(17Mw) * kavel 2 1 (17MW) . kavel 3 (20Mw) °* Borssele 345
Nobelwind Northwester 2 = kavel _2_2 (17MW) = Borssele 1
Morthwind Rentel - +  Borssele_2

€ _Power_1 «  Seastar

©_Power_2 . Mermaid

C_Power_3

......

Figure 88 : Plant and turbine locations relevant for the different stages of offshore wind installations

Elia assumed at the start of the simulation a fixed density on the foreseen geographical area (Princess
Elisabeth zone). Last available information on the location of the electric equipment are taken into ac-
count (location island and corridors for cables) as presented on the website of the FPS Economy in April
2022.

At this point, the potential impact of gravel beds (excluding part of the zone for construction for ecologic

reasons) is not included as there was at the start of the analysis (and still not at this moment) no certainty
on the exact surfaces to be excluded (and the potential impact on the offshore capacity installed and gen-
eration). While there is likely an impact on the capacity factor and the wind power yield, the impact on the

system integration simulations (forecast errors, storms and ramps) is expected to be limited.

The several stages of the installations of the Belgium offshore wind power fleet considered in the present
study are shown in Figure 89, coming in addition to the full MOG | fleet (the 2.3 GW case). The 3.0 GW
scenario includes the addition of the Kavel 1 area, the 4.4 GW scenario also includes the Kavel 2 areas,
and the final 5.8 GW scenarios also includes the Kavel 3 area.

It should be noted that the scenarios up to 4.4 GW are not identical to the 2020 report (even though the

names are similar), as they do not consider the same geographical areas: e.g., the 4.4 GW scenario pre-

sented in this study uses much less space than the 4.4 GW scenario presented in the 2020 report (where
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the entirety of the Kavel 1-3 areas was assigned to the additional installations in the 4.4 GW scenario).
Overall, the additional areas have much higher installation density (MW/km?2) compared to the 2020 re-

port, as can be seen in Figure 89.

Name Installed capacity (MW) Turbine capacity (MW) Area (km2) Installation density (MW/km?)
Kavel 1 700 17 ‘ 46 15.2
Kavel 2 1400 17 103 13.6
Kavel 3 1400 20 ‘ 107 131

Figure 89 : The additional installation areas

Based on the analysis of trends from historical wind turbine data carried out in the 2020 report, infor-
mation of future turbines from the manufacturers, and the Technology Catalogue from the Danish Energy
Agency?8, technology scenarios for future offshore wind power plants to be commissioned towards 2030
are created. The 2020 report envisioned 12 MW turbines to be available for 2026-2028 installations.

However, since then the Technology Catalogue from the Danish Energy Agency has updated the ex-
pected turbine size by 2030 to be 20 MW, with 15 MW turbines expected for 2025 installations and con-
sidering that the analyzed installation years are also 2 years further in the future (2029-2030, compared
to 2026-2028 in the 2020 report), the expected turbine sizes for the additional zones are thus increased
to 17 MW for installation before 2030, and 20 MW for installations in 2030. The selected turbine sizes
align with feedback received from the stakeholders. It is expected that there will be a few MW range of
rated power from different manufacturers, but this is not expected to have significant impact on the re-
sults. Note that due to the update of the planning it can be assumed that a larger share of newly installed
wind power will be based on the larger turbines (e.g. 1400 MW instead of 700 MW modelled in the study).

This study does not aim to use specific manufacturer technologies for the future wind turbines, but rather
makes generic assumptions and supplement with sensitivity analyses where manufacturer differences

and other uncertainties are considered important for the expected results regarding ramping and behavior

28 Danish Energy Agency, Technology Catalogue. Downloaded in March 2022 from: https:/ens.dk/en/our-services/projections-and-
models/technology-data/technology-data-generation-electricity-and
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during storms. To consider the variation in specific power (W/m2), similar as in 2020 report, two technol-
ogy scenarios, Tech A and Tech B, as listed in Figure 90. It shows the assumptions for installations tak-
ing place before 2030 and in 2030.

The two technology scenarios assume same rated power but different specific power (W/m2). From the
available information about offshore wind turbines, we have observed significant differences in specific
power which will impact power curves and thereby have possible impacts on ramp rates for wind speeds
below the rated power. The technology scenarios Tech A and Tech B are designed to cover the expected
range of specific powers in offshore wind installations towards 20302°. The range of specific powers is in
line with the Technology Catalogue from the Danish Energy Agency, although in this study an even wider
range is considered. The specific powers of the largest recently unveiled offshore wind turbines are within

the range of Tech A and Tech B, as are the turbines analyzed in a recent study conducted by 3E 3°.

The resulting rotor diameters in the tables are a result of the rated power and specific power choices, and
they align with feedback from the stakeholders. The hub heights are increased compared to the 2020 re-

port, as the turbines are expected to be physically larger.

Before 2030 As from 2030
Technology scenario A B A B
Rated power 17 MW 17 MW 20 MW 20 MW
Rotor diameter 219 m 262 m 238 m 284 m
Hub height 140 m 165m 150 m 175m
Specific power 450 W/m?2 316 W/m2 450 W/m2 316 W/m2

Figure 90 : Technology scenarios for offshore wind turbines for additional installations before 2030

The above assumptions lead to the power curves shown in Figure 90 for the two technology scenarios,

Tech A and Tech B. Similar to the first study, new generation turbines are expected to fit with Tech A or

2 Note that considering the planning at the start of the simulations, 700 + 1400 MW was assumed to be installed before 2030, com-
pared to only 700 MW in the latest scenario.

30 More info: https://economie.fqov.be/sites/default/files/Files/Energy/LCOE-offshore-wind-in-the-Princess-zone.pdf
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Tech B (next generation) assumptions. It is noted that newest turbines in the existing fleet confirm a good

fit with the Tech A scenario.

On top of this, based on manufacturer brochures and literature review, three high wind speed technology
scenarios are studied also shown in Figure 91. The storm shutdown types, and shutdown and restart lim-
its are the same as in the 2020 report, as no new information was received to suggest that they should be

changed.

e For 25 Direct cut-off, which is considered as baseline, the wind turbine will shut down when the
10-minute average wind speed exceeds 25 m/s;

e For HWS Moderate, the power will reduce for increasing wind speeds until the wind turbine shuts
down at 28 m/s;

e Finally, for HWS Deep, the power will reduce for increasing wind speeds until the wind turbine

shuts down at 31 m/s.
It was observed that the HWS Deep type is similar to the storm shutdown technologies already installed

in recently commissioned wind power plants in Belgium. Note that Elia recommended the HWS Deep as

technical requirement. No information is currently available on new storm control capabilities.
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Figure 91 : Power curves for assumed technology scenarios and storm shutdown type

It is to be noted that some market parties indicated during the Task Force of May 16, 2024 and based on
information received by OEMSs in June 2024, Elia confirms the above-mentioned assumptions but with a
slight modification of the specifications for the High Wind Speed connection requirements formulated in
Section 5.7.1. As this modification only concerns the average times after which the wind park is allowed
to disconnect (with a reduction of the minimum duration from 10 minutes to 5 minutes whenever techni-

cally not possible), this is not expected to have a substantial impact on the results of the simulations.
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Elia will follow up on the latest information on high wind speed capabilities of available offshore wind tur-
bines on the market, up to the launch of the Tender, to ensure a reasonable trade-off between capabili-

ties requested in the connection requirements for turbines on the market and the system needs.

5.4. Offshore generation profiles

5.4.1. Methodology

The methodology used by DTU to model wind power generation and prediction profiles, and the refer-
ences to the tools used are elaborately dealt with in Section 4 of the DTU Technical Report (Annex 1). An
overview of the approach is given in Figure 92. The scenarios towards 2030 are already specified in Sec-
tion 2.1 and are used by DTU to model the wind power generation and prediction for the foreseen 5.8 GW
offshore generation fleet in Belgium, including the foreseen 3.5 GW new capacity to be constructed be-
tween 2029 and 2030. The model itself is validated by means of historic observations on the currently in-
stalled 2.3 GW.

Scenario (technology and topology assumptions)

Input data ] ! ! Output data 1982-21
Measured wind speeds per g;m:lz:::‘ :‘::E:ZTS Teprasaniing 2018-
turbine 4
(1 minute resalution) CorRES Wake Storm shut + 5 reaktime power
. + 15 day-ahead /intra- day predicted
modelling down model yraneag e Gy preciiedponer
Measured generation per park
{1 minute resolution) Dataset 1982-21 with historic and
simulated extreme events in the future
(storm and ramping events)
Measured forecast errors 0
15 minute resolution) . 0 + 1 reaklime powee
¢ “ Validation #| = 15 day-ahead/intra- day predicted power

Figure 92 : Overview of the methodology to simulate future offshore wind power generation and predic-
tion profiles
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5.4.1.1 CorRES

CorRES®! is DTU’s Wind Energy tool for the simulation of wind power time series with realistic spatial and
temporal correlations. It uses a database of weather time series in hourly resolution as input. All simula-
tions are carried out using meteorological data from 1982 until 2021 included. The meteorological data
are updated compared to the previous MOG 2 system integration study report to the newest ERAS re-
analysis data from the European Centre for Medium-Range Weather Forecasts. The meteorological data

are updated compared to the previous study by including 2020 and 2021.

CorRES includes intra-hour fluctuations and includes turbulent fluctuations within a 10-minute resolution.
These fluctuations are added to the hourly weather data using stochastic simulations. CorRES simula-
tions are typically carried out with a resolution of 5 minutes. For extreme ramp and storm cases, interpo-
lated 1-minute resolution data are provided around each extreme case. For calibrating the plant level
storm shut down model, specific storm cases were even simulated on a 1-second resolution. The combi-

nation of large-scale weather data and stochastic simulation allows for two types of simulations:

e Large scale regions on continental domains with several wind power plants in resolutions of up to 5
minutes over 40 years. A resolution of 5 minutes has been selected as it provides the best trade-off
between the computational time to generate time series representing several years and the limited
added information of using higher resolutions. For each simulation, a reduced 15-min resolution da-
taset is created by taking the mean of each variable in 5-minute resolution (or 1-minute resolution for

the measured datasets) within each 15-min period;

¢ Detailed plant simulations that model each individual turbine in resolution of up to 1 second. The lat-
ter are used to study the impact of storm protection technologies, which are usually specified on tur-

bine-level rather than plant-level.

31 More info: https://corres.windenergy.dtu.dk/
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@ Impact of Climate Change on wind speed behavior

The literature on the impact of climate change on wind speeds primarily focuses on average wind
speeds and continental-level changes in Europe rather than country-level analysis. Based on aca-
demic literature, several key aspects have been identified in the IPCC Report on Climate Change
(2022):

o firstly, there is medium evidence and moderate agreement that wind resources are likely to
increase in Northern Europe and decrease in Southern Europe due to climate change;

o secondly, there is limited evidence suggesting that extreme wind speeds, which can poten-
tially damage wind turbines, may increase as a result of climate change;

e additionally, future wind generation in Europe could decrease during summer and autumn
while increasing in winter in northern-central Europe but decreasing in the southern-most

regions.

However, when examining storms in Europe more broadly, a report from the Joint Research Cen-
tre (JRC) indicates that climate model projections suggest minimal changes in wind hazard with

global warming in Europe (JRC, 2020). This finding aligns with the aforementioned literature.

DTU concluded that the uncertainty associated with changes in wind speeds in Europe due to cli-
mate change appears to be substantial. Although the average changes mentioned earlier may

hold, the model-to-model uncertainty outweighs the impact of climate change when looking at the
average results. In other words, the noise in the models seems to remain too large to derive solid
conclusions. For these reasons, no evolutions related to climate change are taken into account in

the simulations.

IPCC(2022): https://www.ipcc.ch/report/sixth-assessment-report-working-group-3/

JRC(2020): https://joint-research-centre.ec.europa.eu/system/files/2020-05/pesetaiv_task_13_windstorms_final_report.pdf

5.4.1.2 Wake Modelling

As turbines and plants in the Belgium offshore fleet are often tightly spaced, significant wake effects are
expected. A wake is the reduction of available energy in the wind after it passes a turbine. DTU’s PyWake
software3? was used to simulate wake losses by generating a plant power curve, simulating the power

output of the plant as a function of the mean wind speed and mean wind direction over the whole plant.

32 More info: https://topfarm.pages.windenergy.dtu.dk/PyWake/
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The plant power curve includes the wakes produced by other plants nearby, by modelling all the turbines
within 40 km distance from each turbine within the plant. Finally, CorRES uses the plant power curves to
simulate the power produced by each plant on each time stamp. The assumptions on the power plant

power curves used are presented in Section 5.3.3.

While the modelling considers the farm-to-farm wake losses, the so-called mesoscale losses are not con-
sidered. This refers to the lack of energy recovery in the atmosphere. The mesoscale losses impact very
large installations, and this effect could become significant in the 5.8 GW scenario. This means that the
reported capacity factors may be slightly overestimated, but no substantial impact is expected on the

forecast errors or variability of generation during storm or ramping events studied in this report.

5.4.1.3 Storm shutdown behaviour

When simulating multiple years of generation time series with CorRES on a 5-minute resolution for multi-
ple wind farms, the simulations need to be done on wind park level as the simulation of individual turbines
is not feasible for such long time series. However, as the storm shutdown behaviors is specified on tur-

bine level, the behavior of the different shut down technologies need to be modelled on turbine level:

e Individual turbine shutdown can be modelled in simulations with up to a 1-second resolution in
CorRES (while the weather data are hourly, CorRES creates up to 1-second time series using
stochastic simulation). These simulations are used to study how a specific turbine high wind
speed technology translates into the plant level shutdown and re-start behavior. In these simula-
tions, each turbine in a plant is modelled. Because of the high temporal resolution and turbine-
level resolution of these simulations, only specific events (one or a few days) are simulated. A
selection of high wind speed events has been taken from the 40 years of weather data to repre-
sent multiple high wind cases.

¢ In addition to the shutdown operation, the turbine level model considers the re-start operation.
After the shutdown, the wind speed must get lower than the restart limit before the turbine starts
to produce again. This effect is called hysteresis: it causes a time lag between the shutdown and
restart operation, as it takes some time before wind speed gets lower than the restart limit after a

storm event.

5.4.1.4 Scaling of measured forecast errors for the period 2018-2021

The forecast simulation part in CorRES is based on a stochastic model, which simulates wind forecast
error distributions and the spatial and temporal dependencies in the forecast errors between offshore
wind power farms. However, the simulated high and low forecast errors do not necessarily occur at the

same timestamps as in measured data (note that this is different compared to the modelling of actual
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wind generation in CorRES, which is based on weather data which ensures that the low and high actual

generation occur at approximately the same timestamps in measured and simulated data).

In order to use the simulated offshore wind forecast errors with measured data, e.g., for aggregation with
forecast errors on onshore wind and solar power, a scaling procedure was created. The procedure allows
the simulated actual offshore wind generation data from CorRES to be used with scaled measured Elia
forecast data. In other words, the high and low forecast errors will then occur approximately at the same
time as in the measured data. The procedure is based on observed forecast errors. As a final step,
scaled forecast errors were calculated for all scenarios of interest to represent the forecasts and forecast
errors statistics for the period 2018-2021 for offshore wind installed capacity up to 5.8 GW in the Belgian

waters.

This section presents the main results of the validation process of the simulation model constructed by
DTU. Detailed results can be found in Section 5 of the DTU technical report (for the 877 MW case until
2019, and the full 2.3 GW as from 2020 which will be the focus of this summary). This validation step
holds significant importance as it helps establish trust and credibility in the model. By comparing the simu-
lated wind speed and generation time series with the actual measurements, it is possible to assess the
accuracy and reliability of the model's predictions. Building upon this validation, the same model will then

be applied to simulate scenarios involving up to 5.8 GW of offshore wind capacity in Belgium.

The 877 MW case (representing the commissioning of the first farms until 2019) is mainly applied to allow
comparison of the results with the previous study and is validated for a period from mid-2017 until 2019.
The capacity factors and ramp events give a good fit, similar as in the MOG 2 system integration study
(2020), while the high wind speed events, forecast errors and correlation between the simulated and the
measured ramps even show a slightly better accuracy. This is explained by the updated meteorological
data.

For the 2.3 GW case, validation is applied for a period from December 2020 to the end of 2021. As it was
found that observed one minute generation ramps exceeded weather related variations, the data was fil-
tered by removing periods where positive imbalance prices are negative. The validation process con-
cluded that:

e capacity factors and generation distribution reveals that the simulated capacity factor (CF) tends
to be slightly higher than the measured values, even when taking into account a typical unavaila-
bility rate of 5% (CorRES runs assume 100% availability). This disparity can be attributed to the

possibility that recently commissioned plants may not have operated at full capacity continuously;
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e analysis of the generation shows that 5-, 15- and 60-minute (Figure 93) ramps are well captured

by the model, as well as the high wind speed events, forecast errors, the relation between the

wind speeds and the generation (including during high wind speed events) and the correlation

between the measured and simulated ramps and the forecast errors.

The model validation shows that CorRES can model the generation time series of the existing offshore

wind power plants in Belgium (as well the initial 877 MW case of the MOG 2 study, as the full 2.3 GW

case commissioning in 2020) with a good accuracy. It is thus considered valid for modelling the Belgian

offshore capacity extension from 2.3 GW to 5.8 GW. The use of 40 years of meteorological data in simu-

lations for higher installed capacities ensures that a wide range of extreme events are simulated.

Figure 94 : Distribution, time series and statistics of one hour generation ramps (expressed per unit)
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5.4.3. Results

5.4.3.1 General results on generation

Capacity factors (CF) and standard deviations (SD) of the aggregate generation of the entire offshore

wind power fleet in the different scenarios are given in Figure 95. Full results are presented in Section 6

of DTU’s report, including statistics for the additional installations are shown (coming on top of the exist-

ing 2.3 GW). It is reminded that unavailability of wind turbines and other losses than wake losses are not

taken into account in the simulations.

CF SD CF compared to 0.9 GW SD compared to 0.9 GW
0.9 GW 0.420 | 0.355 100% 100%
2.3GW 0.425 | 0.365 101% 103%
< 25m/s | 0.433 | 0.364 103% 103%
§ Moderate | 0.433 | 0.365 103% 103%
% = Deep 0.433 | 0.365 103% 103%
= o 25m/s | 0.447 | 0.365 106% 103%
§ Moderate | 0.447 | 0.366 106% 103%
= Deep 0.448 | 0.366 107% 103%
< 25m/s | 0.436 | 0.363 104% 102%
§ Moderate | 0.437 | 0.363 104% 102%
|- Deep | 0.437 | 0.364 104% 102%
I | o | 25mis |0.466 |0.367 111% 103%
§ Moderate | 0.467 | 0.368 111% 104%
= Deep 0.468 | 0.368 111% 104%
< 25m/s | 0.436 | 0.362 104% 102%
§ Moderate | 0.437 | 0.363 104% 102%
% = Deep 0.438 | 0.363 104% 102%
e o 25m/s | 0.472 | 0.369 112% 104%
§ Moderate | 0.474 | 0.370 113% 104%
= Deep 0.475 | 0.370 113% 104%

Figure 95 : Capacity factors and standard deviations for entire 5.8 GW fleet (from the 40 years of simula-
tions on 5 min resolution. Only wake losses are considered (availability of 100% is assumed))

The capacity factor of the aggregated fleet is expected to increase from today towards the 5.8 GW sce-

narios, with Tech B showing significant increase compared to Tech A. The higher capacity factors are

driven by higher hub heights (subject to higher wind speeds) and lower specific power turbines (resulting

in higher generation at lower wind speeds), particularly for the Tech B. Higher capacity factors imply

higher annual offshore generation with the same installed capacity. Storm events remain relatively rare
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and there are therefore only very small differences observed between the different storm shut down tech-
nology types despite the ability of moderate and deep technology types to continue generating at higher

wind speeds and come back earlier after a cut off.

Note that the resulting wake losses of 11.2% - 12.0% in this study for the additional installations in the 5.8
GW scenario (e.g., 3.5 GW of additional installations) are similar to other studies published 33, where the

most similar technology, e.g., 177MW_Generic, shows a wake loss of 11.9% for a similar scenario.

Figure 95 shows that the standard deviation increases only slightly towards the 5.8 GW scenarios, with
Tech B showing marginally higher standard deviation than Tech A. Overall, the simulated standard devia-
tion is slightly higher than in the MOG 2 2020 report which is due to higher hub heights assumed (both in

Tech A and Tech B), as well as other model and weather data updates.

5.4.3.2 Ramping events

This chapter presents the results on ramping events for the studied scenarios. As with all the scenario
results, these are based on the 40 years of simulations from 1982 to 2021, simulated with a 5-minute res-
olution. Each individual wind park is simulated, although only aggregated ramp results are reported. Full

results are presented in Section 7 of the DTU report.

This section focuses on the analyses of the ramping events in terms of standardized (% of installed ca-
pacity) and absolute (MW) generation as presented in Section 7.1 and 7.2 of DTU’s report. It is however
to be noted that the storm events are not filtered out of the data in these analyses, which means that the
ramps that occur during the cut-out and the cut-in phases of storms is included in the statistics presented.
To isolate the ramp events which are not related to storms events, Section 7.3 of DTU’s report depicts the

results for those days when the maximum daily wind speed is below 20 m/s.

Furthermore, this section focuses on the 1-hour ramping events, as those are expected to have the most
significant impact on real-time system operation but DTU’s report also includes the results for 5- and 15-
minutes ramping events. It is to be noted that time series are delivered to Elia in to evaluate the impact on
real-time system operations for specific events up to a 1-minute resolution and allow to make a clear dis-

tinction between ramping and storm events.

33 Report “LCOE offshore wind in the Princess Elisabeth zone”, 3E, Sep 2021.
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» Standardized generation variations

Figure 96 shows the standard deviation (SD) and the highest percentiles (Prct) of up- and downward

hourly ramps (calculated as the difference in generation between T and T+60 minutes, and expressed as

standardized generation, i.e. being relatively to the installed capacity) events of the hourly ramps show a

slight decrease of the largest ramps when comparing the BE 2018 (0.9 GW) scenario with the full BE

2030 (5.8 GW) scenario in 2030, at least for the scenarios with moderate and deep storm shut down

technologies. Note that this decrease in variability is substantially lower when studying the 5 minute and

15-minute ramps.

The deep and moderate storm shutdown types show slightly decreased likelihoods for the most extreme

ramps compared to the 25 m/s cut-off in. The ramp distributions tend to be skewed slightly meaning that

there are more extreme upward ramps than downward ramps, especially for the deep technologies. This

is driven by the difference in how the wind farms operate at shut down (with a gradual ramp down) versus

at the return from a storm (with an instantaneous ramp up). It will be seen later in this report that an up-
ward ramp will also be shown to be easier to manage than a downward ramp. As expected, Tech B

shows higher ramps than Tech A due to the steeper power curve during normal wind conditions.

Compared to 0.9 GW

O | 001 01 |ooe ssso | SO | o1 | ses

0.9 GW 0.076 | -0.506 -0.350 | 0.381 0.644 | 100% | 100% | 100%

2.3GW 0.075 | -0.493 -0.354 | 0.380 0.595 | 100% | 101% | 100%

< 25 m/s 0.073 | -0.473 -0.343 | 0.372 0564 | 97% | 98% 98%

§ Moderate 0.073 | -0.481 -0.344 | 0.372 0569 | 97% | 98% 98%

% i Deep 0.073 | -0.472 -0.340 | 0.368 0.562 | 97% | 97% 97%

a| 25 m/s 0.074 | -0.479 -0.344 | 0.367 0545 | 98% | 98% 96%

§ Moderate 0.074 | -0.485 -0.346 | 0.368 0.551 | 97% | 99% 97%

i Deep 0.073 | -0.481 -0.343 | 0.364 0.551 | 97% | 98% 96%

< 25 m/s 0.071 | -0513 -0.339 | 0.365 0.574 | 95% | 97% 96%

§ Moderate 0.071 | -0.486 -0.328 | 0.354 0.571 | 94% | 94% 93%

% " Deep 0.070 | -0.446 -0.322 | 0.347 0532 | 93% | 92% 91%

3| o 25 m/s 0.073 | -0.506 -0.351 | 0.367 0.553 | 97% | 100% | 96%

§ Moderate 0.072 | -0.502 -0.342 | 0.357 0577 | 96% | 97% 94%

i Deep 0.072 | -0.465 -0.333 | 0.349 0.524 | 95% | 95% 92%

< 25 m/s 0.072 | 0573 -0.345|0.374 0.633 | 95% | 98% 98%

§ Moderate 0.071 | -0.504 -0.328 | 0.359 0.603 | 94% | 94% 94%

% i Deep 0.070 | -0.447 -0.318 | 0.348 0.536 | 93% | 91% 91%

8| o 25 m/s 0.074 | -0.583 -0.369 | 0.387 0.625 | 98% | 105% | 102%

§ Moderate 0.073 | -0.522 -0.347 | 0.368 0.626 | 96% | 99% 97%

i Deep 0.072 | -0.471 -0.337 | 0.358 0.556 | 96% | 96% 94%
Figure 96 : 1 h ramps statistics (standardized generation)
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» Absolute generation variations

Figure 97 shows the average number of days per year with at least one ramping event more extreme

than the given GW value for 1 hour ramping events. The trends over different scenarios studies are the

same as above but the scenarios with more installed GW of course show more extreme ramping events:

e Itis shown that for the Tech B and Deep HWS technology downward ramps of 4.0 GW occur less

than one time per year and ramps of 2.5 GW are expected to occur multiple times per year for the

5.8 GW scenarios. Note that these downward ramps are reduced to respectively 1.5 GW and 1.0

GW for 15 minutes and respectively 1.0 GW and 0.5 GW for 5 minutes.

e Itis shown that in contrast, upward ramps of 5.5 GW can occur less than one time per year and

ramps of 3.0 GW are expected to occur multiple times per year. Note that when filtering out storm

events (days with maximum wind speeds above 20 m/sec, calculated as the weighted mean over

the fleet), this is reduced to respectively 4.0 GW and 2.5 GW being the same values for down-

ward ramps. This shows that the asymmetry is mainly caused by storm events.

In conclusion, up- and downward ramping events are expected to increase significantly in the future. It is

reminded most extreme ramp events may be underestimated, following the results of the model valida-

tion.
Negative Ramp (GW) Positive Ramp (GW)
55|50|45]|40(35(30|25|20(15(1.0({05]03}03|05(10(15|20]25|30|35(4.0[45|50]|55
0.9 GW 10]|25)] 29 |29
23GW 0.20| 6.4 (130(249] 248|133/ 9.4 1.2]0.20
< | 25m/s 0.10( 1.6 | 23 [193]281]280(193| 27 | 3.7 |0.60]0.13]|0.05
§ Moderate 0.13[ 1.9 | 23 [191|280]278|191| 26 | 3.8 |0.70]0.15/0.05
% = Deep 0.08( 1.5 22 [191]279]278|191| 26 | 3.6 |0.60]0.15/0.03
g m | 25m/s 0.10( 1.7 | 24 [196|283] 283|196 26 | 3.5|0.53]0.13]|0.05
§ Moderate 0.15( 1.9 | 24 (194|281]281|194| 25 | 3.6 |0.63]0.13]|0.03
= Deep 0.10( 1.7 | 23 [193]281]280|193| 25 | 3.4 |0.63]0.15/0.05
< | 25m/s 0.03/0.23(0.90| 3.8 | 16 | 84 | 257|313]|311|256| 91 | 20 | 6.0 2.0 (0.55|0.28]0.13
§ Moderate 0.03/0.13(0.63] 2.9 | 14 | 82 | 255|312]|310|254| 89 | 18 | 4.8 ] 1.8 (0.70|0.33]0.15
% = Deep 0.03/0.05(0.23] 1.9 | 13 | 81 | 255|312]|310|254| 88 | 17 | 4.0| 1.3 (0.48|0.25]|0.13
:’r- o | 25m/s 0.03/0.13(0.80] 5.0 | 20 | 96 |261|315]|313|260| 98 | 22 | 5.8 1.7 [0.38]0.23]0.13
§ Moderate 0.03/0.13(0.90] 3.8 | 18 | 93 | 259|313]|311|257| 96 | 20 | 4.8 ] 1.8 [0.63|0.30{0.13
= Deep 0.03(0.08(0.43] 2.7 | 17 | 92 [258(313]311|257| 94 | 19 [ 3.9] 1.2 |0.48]0.28(0.13
< | 25m/s ]0.03|0.03|0.08J0.58| 1.4| 2.8 | 6.0| 15 [ 52 (160|291 (328]|327|291|165( 58 | 19 | 8.4 | 4.2 | 2.4 |0.90]0.33|0.15|0.08
§ Moderate 0.03(0.05/0.23]|0.65| 1.6 | 4.2| 13 | 49 |158|289|327]|326(289(162| 56 | 17 | 6.6 | 3.1 | 1.6 | 1.0]0.45|0.23|0.13
% = Deep 0.05(0.15(0.48| 2.9 11 | 48 | 157|289(327|326|289|161| 54 | 16 | 5.5 | 2.2 |0.90|0.45|0.28(0.18(0.05
g mn | 25m/s ]0.03[0.03(0.05]0.25| 1.7 | 3.7 | 8.1| 20 | 63 |175|293|328|328(292(178| 67 | 24 | 9.3| 4.7 | 2.6 |0.70]0.23|0.13|0.05
§ Moderate 0.03(0.05/0.23|0.85| 1.9 | 5.7| 17 | 59 |172]|291|327]|326(290(175| 64 | 21| 7.1| 3.3 | 1.9 | 1.0|0.33/|0.18/|0.10
= Deep 0.05(0.28( 1.0 | 4.2| 15 | 58 |171|291(326|326|290|174| 63 [ 19| 5.7 | 2.2 | 1.1 |0.65|0.35(0.20(0.13

Figure 97 : 1-hour ramps - average number of days per year with at least one event more extreme than
the limit
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5.4.3.3 Storm events

This chapter presents statistics of storm events in the simulated 40 years of data. Both the likelihoods of
offshore wind power fleet shutdowns and the ramping during high wind speed days (maximum wind
speed above 20 m/s for the weighted average over all the offshore wind parks in terms of installed capac-
ity).

» Generation during storm

Simulated offshore wind power wind speeds on fleet level for the 5.8 GW Tech B scenario can be seen in
Figure 95 based on a 5-minute resolution. The highest fleet-level wind speed reaches approximately 38
m/s while highest plant-level wind speeds are even higher. It can be observed that high wind speeds oc-
cur throughout the 40 years and most extreme peaks occurred in the 1980s and 1990s. It has to be noted
that the Tech B scenario shows slightly higher fleet-level wind speeds than Tech A due to higher hub

heights.

X Jan 25, 1990, 15:00 5.8 GW, Tech B, Deep
Y 38.3569
X Oct 16, 1987, 06:00

. —
Y 34.2619 X Oct 27,2002, 12:10
35 - Y 32.2414
.

Figure 98 : Fleet-level mean wind speeds (weighted by OWF installed capacity) in the 5.8 GW Tech B
scenario (5 min resolution), with some example high peaks highlighted

Example time series around the 1990 extreme high wind speed event can be seen in Figure 95. With
such high wind speeds, the entire fleet (5.8 GW) is in shutdown for some hours with all the scenarios con-
sidered. In this specific example, the Deep HWS technology type shows lower ramping (both 5 minute
and 1 hour) than the 25 m/s cut-off. Note that a full cut-out event was recently observed with the storm

Eunice in February 2022.

It is interesting to note that the moderate HWS technology type shows higher 5-minute ramping than the
25 m/s cut-off technologies, even though the cut off happens at higher wind speeds. This is explained as
in this example, the wind speed variation is slightly faster around the moderate technology type cut-off
wind speeds, causing higher ramps than with the 25 m/s cut-off. This shows that the storm shutdown
types should be compared based on statistics over a longer time series rather than on individual cases.

The figure also shows how the deep technology types may cause larger upward variations.
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Figure 99 : Simulated time series for an extreme storm case for the 5.8 GW Tech B scenario

Figure 99 shows that even with the deep shutdown technology types, the 5.8 GW Tech B scenario is ex-
pected to sometimes experience a total fleet-wide shut-down. The figure shows that this was expected to
happen during 6 of the 40 years observed (e.g. every 6 to 7 years). It is further analyzed that the high
wind speed technologies have a limited impact in reducing this number of occurrences where the entire
fleet experiences a total shut down. Nevertheless, the technology is demonstrated to provide substantial
benefits in reducing the total hours in shut down (during events where part of the park is impacted) and

the downward ramp during storms.
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Figure 100 : Number of hours when the entire fleet is in shutdown (aggregate generation zero) per year in
the 5.8 GW Tech B Deep scenario (right), and daily max wind speeds above 20 m/s (left) for each year

» Absolute generation variations

Figure 101 shows the average number of days per year with at least one ramping event more extreme
than the given GW value for 1 hour ramping events for the high wind speed days. It is shown that the
deep shut down technology type reduces likelihoods for large negative ramps. For the 5.8 GW scenario
with Tech B:

o the Deep HWS technology type can reduce also the most extreme downward ramps from 5.5 GW
(occurring less than one time per year) and 3.0 GW (occurring more than one time per year) to
3.5 GW and 2.0 GW respectively;

e the most extreme positive ramps of 5.5 GW (occurring less than one time per year) remain similar
for all types, but the Deep HWS technology types is also found to have an effect on the positive
ramps reducing the amount of events happening multiple times per year from 3.5 GW to 2.0 GW.
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Negative Ramp (GW) Positive Ramp (GW)
55|50|45/40(35(30|25]20/15/1.0|05|03}03(05[10|15|20|25|30(35(40]|45(|5.0]|55
0.9 GW 048| 324414
2.3GW 098|7.7| 12| 12 | 7.7| 1.8 |0.53|0.15
< | 25m/s 0.05/048| 34| 12 | 15| 15 | 12 | 4.3 | 1.3 |0.43|0.13]0.05
§ Moderate 0.08/0.70| 3.3 | 11 | 14 | 14 | 11 | 4.2 | 1.3 |0.53|0.15]|0.05
(% = Deep 0.03/0.38| 2.6 | 10 | 14 | 14 | 10 | 3.3 | 1.2 |0.43|0.15]|0.03
g m | 25m/s 0.03|0.55|3.2| 13 | 16 | 16 | 13 | 4.1 | 1.2 |0.38|0.13]0.05
é Moderate 0.08/0.68| 35| 11 | 14| 14 [ 11 [ 4.0 1.3 |0.48|0.13]0.03
= Deep 0.03|0.53| 2.7 | 10 | 14 | 14 | 10 | 3.3 | 1.1 |0.48|0.15]|0.05
< | 25m/s 0.03/0.20/0.83] 2.4 (48 (89| 15| 17| 17 | 15| 10 | 5.4 | 3.2] 1.3 |0.43]|0.23]/0.13
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:'r- m | 25m/s 0.03]/0.10/0.58} 2.9 (53|10 | 15| 18| 19 | 16 | 11 | 5.7 3.3] 1.1 (0.28|0.18/0.13
é Moderate 0.03]/0.10|0.68) 1.7 (35( 73|13 | 16| 17 | 14 |84 |4.0( 2.3] 1.3(0.53|0.25/0.13
= Deep 0.03]0.05|0.20J0.60( 2.1 (6.2 | 13 | 16 | 17 | 13 | 7.1 | 2.7 | 1.3]0.60(0.38]|0.23]0.13
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§ Moderate 0.03]0.05/0.18(0.58( 1.3 (2031|5799 15| 18| 18 | 16 [ 11 (6.6 4.0| 2.7 1.9 | 1.3 |0.88/0.40(0.23(0.13
(% = Deep 0.08/0.20|0.65) 1.7 (46 (96| 15| 18] 18 | 16 | 10 | 54| 2.7] 1.5 1.0 |0.63|0.38/0.23]|0.18(0.05
g m | 25m/s ]0.03(0.03|0.05]0.20( 1.6 (3.1|4.7]66(96( 14|18 | 20| 20|18 |14 |10 |7.1]5.2]3.6]23(0.60[0.20{0.13/0.05
§ Moderate 0.03]0.05/0.18(0.73( 1.3 (23| 3.7|63| 11|16 | 19| 19 | 16 (11 (72| 4.4| 29| 2.2| 1.6 |0.90/0.30(0.18(0.10
= Deep 0.15/0.33|0.80} 2.2 (489916 | 19]) 19| 16 | 10 |56 2.9] 1.5( 1.1 |0.78|0.55/0.33|0.20(0.13

Figure 101 : 1 h ramps: average number of days per year with at least one event more extreme than the
limit, for days with max fleet-level wind speed above 20 m/s

5.4.3.4 Forecast errors

This chapter summarizes the analyses of the simulated forecast errors for the scenarios. Full results are
presented in Section 9 of the DTU report including:
e an analysis of the forecast errors in terms of standardized (% of installed capacity) and absolute
(MW) generation for the day-ahead, intraday and last forecast;
¢ an analysis of the forecast errors during high and low wind speed days, as well as days with high

ramps and storms.

This chapter focusses mainly on the day-ahead forecasts. The forecast errors are always calculated as
e_t=p_(t,actual)-p_(t,forecasted) which means that a negative forecast error corresponds with an overes-
timation and thus a shortage wind power generation. All forecast errors are analysed on a 15-minute res-
olution. It is important to note that it would be irrelevant to use simulated forecast errors for one specific
event obtained from the time series, as the objective is not to replicate forecast of a particular event but to

represent overall forecast uncertainty. The analysis is performed aiming at 2 objectives:

1. provide a global statistical analysis allowing to gain knowledge in forecast errors to be expected in
normal and extreme conditions, and in particular (1) assess if the increased geographical spread of
installations impacts the fleet level forecast errors (2) study if storm shut down technology impacts the

forecast errors;
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2. provide the fleet-level forecast errors for the years 2018 — 2021 for a 2.3 GW, 3.0 GW and 5.8 GW
offshore fleet. This is used as input for the analyses of the impact on Elia’s reserve needs in Section

4 of this report.

» Standardized results

Figure 102 shows the day-ahead forecast error statistics for the different scenarios expressed in stand-
ardized generation. It can be seen that the standard deviation (SD), used as a measure for the absolute
forecast accuracy (compared to the mean which indicates the symmetry of the forecasts), decreases
slightly towards the 5.8 GW scenarios when compared to the BE 2018 scenario (0.9 GW). This decrease
is due to increased geographical distribution as in general, it is easier to forecast a larger than a smaller
region. Tech A and Tech B scenarios show similar statistics while the Deep HWS technology type shows
very slightly reduced likelihoods in the last forecast for very large forecast errors compared to 25 m/sec

direct cut-off.

Analysis of the intraday forecast show, as expected, lower standard deviations compared to day-ahead,
while the last forecast is showing lower standard deviations compared to the intraday. For example, the
standard deviation of 0.114 in the 5.8 GW Tech B Deep scenario is reduced to 0.090 and 0.065 when
moving respectively to the intraday and last forecast.

Compared to 0.9 GW
Mean SD P0.001 P0.01 P99.99 Pr99.999 SD

0.9 GW -0.003 | 0.128 -0.818 -0.669 0.704 0.900 100%

2.3 GW -0.003 | 0.126 -0.735 -0.650 0.656 0.836 99%

< 25 m/s -0.002 | 0.121 -0.719 -0.639 0.622 0.714 95%

5 Moderate -0.002 | 0.121 -0.738 -0.641 0.624 0.729 95%

(% = Deep -0.002 | 0.121 -0.740 -0.640 0.624 0.737 94%
g o 25 m/s -0.002 | 0.121 -0.719 -0.643 0.618 0.706 95%
5 Moderate -0.002 | 0.121 -0.719 -0.644 0.620 0.709 95%

e Deep -0.002 | 0.121 -0.739 -0.644 0.622 0.728 95%

< 25 m/s -0.002 | 0.114 -0.673 -0.601 0.648 0.810 89%

5 Moderate -0.003 | 0.113 -0.676 -0.602 0.646 0.823 89%

(;D e Deep -0.003 | 0.113 -0.672 -0.594 0.637 0.823 88%
:fr_ o 25 m/s -0.001 | 0.116 -0.674 -0.602 0.661 0.787 91%
5 Moderate -0.002 | 0.115 -0.674 -0.604 0.662 0.799 90%

e Deep -0.002 | 0.115 -0.674 -0.601 0.660 0.800 90%

< 25 m/s -0.003 | 0.113 -0.731 -0.608 0.647 0.745 88%

5 Moderate -0.003 | 0.112 -0.763 -0.639 0.636 0.763 87%

(;D - Deep -0.003 | 0.111 -0.725 -0.589 0.584 0.757 87%
g o 25m/s -0.002 | 0.116 -0.711 -0.608 0.636 0.701 91%
5 Moderate -0.002 | 0.115 -0.741 -0.644 0.640 0.747 90%

= Deep -0.002 | 0.114 -0.733 -0.605 0.608 0.766 89%

Figure 102 : Day-head forecast error statistics
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» Absolute results

Figure 103 shows the average number of days per year with at least one day-ahead forecast error more
extreme than the given GW limit. Tech A and Tech B scenarios show similar statistics and the results in-
dicate again that largest forecast errors are slightly less likely for the Deep HWS technologies compared
to 25 m/sec direct cut-off. This is due to the fact that for high wind speed days, the Deep type reduce gen-
eration forecast uncertainty (even as the quality of wind speed forecasts is the same) following the wind
speed having lower impact on the generation forecast error. It is to be noted that in some cases, this

might increase the forecast error during the cut in phase after the storm.

Results show that forecast errors of 3 GW can happen multiple times per year, while higher forecast er-
rors, even up to 4.5 GW are exceptional (less than one time per year). Similarly to Figure 103, largest
forecast errors are reduced in intraday and last forecast where the size of forecast errors happening mul-

tiple times per year is reduced from 3 GW to 2 GW and exceptional forecast event do not exceed 3.5 GW.

Negative forecast error (GW) Positive forecast error (GW)
55|5.0(45]|4.0|35(3.0/ 25| 20|15 10 [ 05| 03] 03 | 05 | 10 [15| 20| 25|3.0(3.5(4.0]145|5.0(55
0.9 GW 34 | 451] 404 | 34
2.3GW 0.8 [ 19.3 |110.0(181.5|181.2|108.1| 17.8| 0.8 | 0.1
< | 25m/s 05| 6.6 | 40.4 |142.3(209.0]209.4|141.1( 399 | 6.1 | 03] 0.0
§ Moderate 05| 6.7 | 40.4 |141.3(207.6]207.9/139.6( 39.7| 6.0 | 0.3 ] 0.0
% = Deep 0.0] 05| 6.6 | 40.1 (140.8/207.1]207.4(139.0| 394 [ 59| 0.4 ] 0.0
3 o | 25mis 0.6 | 6.7 | 40.5 |142.9(209.8]211.7|142.7( 39.7| 59| 04 ] 0.0
§ Moderate 0.6 | 6.8 | 40.6 |141.9(207.9]209.1|140.8( 396 | 59| 04 ] 0.0
= Deep 00] 06| 6.7]| 404 (141.1(207.21208.8|1140.11 39.3 |1 59| 04| 0.0
< 25m/s 0.1 11| 6.8 |28.5| 83.6 1186.5|241.9|242.3|187.3| 83.5 (28.7| 76| 1.4 (0.3]0.1
é Moderate 01)11] 6.6 (27.9| 82.4 |184.4|240.3]240.7|185.1| 81.0 [27.3] 7.0| 1.3 |0.3|10.1(0.0
% = Deep 0.1/ 10| 6.3 |27.4| 81.7 |184.0(239.9]240.4|184.6| 80.2 |26.4| 65| 1.1 (0.3|0.1
:rr_ o 25 m/s 0.1)15] 7.7 |30.2| 86.1 |188.6(243.7|245.21191.7| 86.9 [31.0] 9.0| 1.5|0.4|0.1
§ Moderate 0.1| 16| 7.6 |29.6( 84.7 |185.9(241.3]242.5|188.8( 84.6 |29.6| 8.6 | 1.6 [0.4[0.1]|0.0
= Deep 0.1| 14| 7.2 |29.0( 83.9 |185.2(240.6]242.2|188.2( 83.0 |28.7| 7.8 1.3 (0.4{0.1]|0.0
< | 25mis 0.1|0.7(2.8| 9.7 |27.4(65.6127.8(220.2|265.8]262.4|216.3|123.1(60.1(25.3| 10.1|3.7(1.2(0.3]0.1
§ Moderate 0.0(0.1]0.2(0.7|2.7] 9.1 | 26.4|63.9(125.5|218.0(264.4]261.1|214.1(120.2|57.5|23.1] 8.6 [2.9/0.8|0.3]0.1
% = Deep 0.1|/0.5(2.4| 8.7 |25.7(63.1|124.6(217.7|263.9]260.8|213.8|119.3(56.4(22.3| 7.9 |2.4(0.5(0.2]0.1]|0.0
@ m| 25mis 0.2/0.7(3.7]12.1]32.1(70.8]133.0(220.9|265.8]264.6|220.1|128.5(67.0(30.2| 12.7|4.4(1.4(0.2] 0.1
§ Moderate 0.0]0.3]0.9/3.5(11.4|30.7(69.2]|130.3|218.2|263.6|262.6|217.1|124.8(64.1|27.8|11.0({3.5/1.1{0.3]0.1
= Deep 0.0]0.2|0.6/3.0(11.0|30.1{68.2]129.1|217.5|263.0|262.2|1216.5|123.8(62.6|26.8|10.2(3.0|0.7({0.1]0.1

Figure 103 : Day-ahead forecast errors: average number of days per year with at least one event

» Results for high wind speed days, high ramp days and storm days

DTU’s report also includes a comparison between forecast errors during days with and without high wind
speed, resulting in the conclusion that large forecast errors are more likely during high wind speed days
(fleet-level max wind speed larger than 20 m/s). In general, it is concluded that the largest forecast errors

(above 4.5 GW) occur more frequently during high wind power conditions but that no large differences
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are discovered for lower errors. The Deep HWS technologies shows slightly lower forecast errors during

high wind speeds days compared to 25 m/s direct cut-off.

In addition, an analysis of the forecast errors during days with high ramps (defined as “ramping event
larger than 2 GW”) and during storm days (defined as “max wind speed larger than 20m/s and ramping
event larger than 2 GW”) was conducted. It is found that the Deep HWS technologies show significantly

less events (up to 50% less) with high ramp compared to the 25 m/s cut-off shutdown type.

It is further concluded that high ramp and storm days show higher forecast errors. However, due to the
relatively small amount of events, in particular for storms, the estimation of forecast error distributions is
subject to large uncertainty. It needs to be noted that forecasts are difficult to simulate then, as the target
is not to replicate the variability due to weather, but to try to represent the forecasts by the Elia’s forecast
provider and to then estimate forecast behavior in future scenarios. For this reason, the results presented
for forecasts and forecast errors for the extended capacity scenarios need to be taken as the average
evolutions in the forecast errors resulting from different geographical installation distributions and storm
shutdown technologies. The actual simulated forecast and forecast error values for an individual event

are stochastic and can be high or low due to randomness.
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The validation of DTU’s CorRES model to analyze the generation time series of the offshore wind power
plants towards 2030 is updated based on latest information available on:
e latest wind speeds and wind power generation in Belgium available until 2021;

e latest installed wind power scenarios up to 5.8 GW and offshore wind power layout.

Based on the results of the model validation, the model is considered suitable for modelling the fu-
ture offshore wind power generation profiles and corresponding forecasts which are used for Elia’s

system simulations and analysis in this report.

When looking at the standardized generation, ramping events are expected to be slightly reduced com-
pared to the 2.3 GW situation of today in relative terms, i.e. in relation to the installed power. This is
caused by the effect of considering larger geographical areas typically reducing the effect of wind power
variations and forecast errors. Nevertheless, this effect is much lower as typically witnessed for other
technologies due to the relatively small Belgian North Sea territory in which wind power can be consid-
ered. Despite this effect, large ramping events are expected to be observed with 5.8 GW offshore wind
power:

1. Itis shown that for the Tech B & Deep HWS technologies, downward ramps of 4.0 GW occur less
than one time per year and ramps of 2.5 GW are expected to occur multiple times per year. Note that
these downward ramps are reduced to respectively 1.5 GW and 1.0 GW for 15 minutes and respec-
tively 1.0 GW and 0.5 GW for 5 minutes;

2. ltis shown that upward ramps of 5.5 GW for the same scenario can occur less than one time per year
and ramps of 3.0 GW are expected to occur multiple times per year. Note that when filtering out
storm events (days with maximum wind speeds above 20 m/sec, calculated as the weighted mean

over the fleet), this is reduced to similar values as with the downward ramps.

Obviously, the storm shut down technology does not play a role when filtering out storm conditions while
Tech B result in larger generation variation due to its steeper power curve during normal wind speed con-

ditions, compared to Tech A.

Similar as in the previous study, it is concluded that it is possible to lose the full installed capacity due to
an extreme storm event and this in all studied scenarios. The occurrence with which this is expected is 6
or 7 times out of the simulated 40 years. Moderate and Deep storm HWS technologies are found to allow
to mitigate the frequency and the system impact of storms in terms of generation variations compared to
direct cut off technologies at 25 m/sec, as observed with some existing wind turbines. Nevertheless,

these are not found to be able to entirely mitigate the risk of losing the entire fleet during a storm event.
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HWS technologies, aiming at maintaining generation at higher wind speeds can reduce the most
extreme downward ramps from 5.5 GW (occurring less than one time per year) and 3.0 GW (occurring
more than one time per year) to 3.5 GW and 2.0 GW respectively. In contrast, the most extreme positive
ramps of 5.5 GW (occurring less than one time per year) remain similar for all technologies although the
Deep technology types is also found to have an effect on the positive ramps reducing the amount of
events happening multiple times per year from 3.5 GW to 2.0 GW. This is explained as cut in events after

storms will happen less frequently with the HWS technologies.

While the Tech A versus B does not play a role when filtering out the storm events, the Deep HWS tech-
nologies provide large benefits to system operation, particularly for managing the downward ramps. How-
ever, while there is also an effect on mitigating the upward ramps, there is no effect on the most extreme
situations. Note that upward ramps are typically easier to handle than downward ramps via cut-in coordi-

nation.

The fleet level standardized forecast errors decrease with increasing capacity installed. Results show that
large forecast errors of 3 GW can happen multiple times per year, while higher forecast errors, even up to
4.5 GW are exceptional (less than one time per year). Largest forecast errors are reduced in the intraday
and last forecast where the size of forecast errors happening multiple times per year is reduced from 3
GW to 2 GW and exceptional forecast event do not exceed 3.5 GW. These figures can be improved with
future forecast quality improvements, and it is important to keep investing in maintaining and improv-

ing forecast accuracy.

DTU’s report includes a comparison between forecast errors during days with and without high wind
speeds allowing to conclude that large forecast errors are more likely during high wind speed days (fleet-
level max wind speed larger than 20 m/sec). In general, it can be concluded that the largest forecast er-

rors (above 4.5 GW) occur more frequently during high wind power conditions.
It is important to note that the effect of climate change has not been considered as no sound conclusions

can be drawn at this point on a potential impact of climate change on the frequency and severity of ramp-

ing and storm events.
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In the MOG 2 system integration study, projections were presented regarding Elia’s future reserve capac-
ity needs. These projections are updated in this report. The aim is on the one hand to clarify the impact of
the integration of variable renewable generation such as offshore wind on reserve capacity and balancing
capacity procurements. On the other hand, this reserve capacity determines the minimum flexibility avail-
ability in the system to deal with storm and ramping events and is therefore an important assumption in

the system simulations presented in Section 5.6.

The reserve projections are based on the methodology presented in Section 5.5.2 and the same results
are already presented in Elia’s Adequacy and Flexibility Study 2023. The projections are based on sce-
narios taking into account (1) the ability of market players to balance new renewable generation in their
portfolio. This concerns the ability to balance forecast errors related to renewable generation and forced
outages based on intraday re-scheduling and reactive balancing; (2) the evolution of the system imbal-
ances related to the existing generation mix; (3) assumptions related to forecast improvements. Note that
(1) and (2) are strongly related to the available flexibility in the system. A better coverage of the total flexi-
bility needs of the system will provide better access to flexibility for market players and facilitate them to

balance new and existing variable generation and demand in their portfolio.

These scenarios are used to make projections of system imbalances up to 2034 by upscaling historic
system imbalances considering expected forecast errors related to the future generation mix, and in par-
ticular the increase in variable renewable generation. This is based on projections regarding the installed
wind and solar power presented in the CENTRAL scenario of Elia’s Adequacy and Flexibility Study 2023

study applied on historic time series of forecast errors.

As part of a last step, estimations regarding future FRR/aFRR/mFRR needs are calculated based on
Elia’s dynamic dimensioning methodologies, in line with the current legal and regulatory framework. Note
that Elia’s reserve dimensioning methods are specified in the LFC block operational agreement and are
approved by the regulator after public consultation. These results are then further processed towards the
balancing capacity to be procured by making assumptions about the expected availability of non-con-

tracted balancing means in the system.

Note that a first analysis was conducted Q4 2022, presented in the Task Force PEZ of January 10, 2023
and the WG BAL workshop of February 15, 2023. An update of a part of the results have been conducted
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in Q1 2023 to take into account the effect of latest projections on renewable capacity including the up-
dated offshore wind power planning communicated by the Government in Q1 2023. The result of this up-

dated has been presented in Elia’s Adequacy and Flexibility Study 2023 as well as this report.

In a first step, scenarios are built representing the ability of market players (or the balancing responsible
parties) to balance their portfolio. This is based on an analysis of historic LFC block imbalances, BRP
portfolio imbalances and offshore generation day-ahead and intraday forecast errors. The scenarios take
into account best and worst case estimations on future market performance in dealing with LFC block im-

balances.

In a second step, historic LFC block imbalances are scaled up towards 2024-2034. The parameters pre-
sented in the next section are used in an iterative formula represented in Figure 104. The expected sys-
tem imbalance for every year ‘T’ between 2024 and 2034 (Slt) is calculated for each quarter-hour 1’ as

follows:

e The expected evolution of system imbalances following the balancing performance of BRP
portfolios compared to the previous target year (Slr.1). Note that the calculation starts from ob-
served system imbalances for 2020 and 2021 (Slo). A 1% improvement / deterioration in system

imbalances translates into a factor Xt of 99% / 101%

e The contribution of forecast errors related to incremental renewable capacity installed in
the system imbalance. This concerns new renewable generation for technology i (PV, Onshore,
Offshore) installed between year T-1 and T (ICt.1.1,). The forecast errors are calculated as the
difference between the observed real-time generation and day-ahead forecast, expressed as a
percentage of the installed capacity. Note that the calculation starts from observed forecast errors
for 2020 and 2021 (FE,,). The calculation takes into account:

o Animprovement factor representing the improvement of the day-ahead forecast error of
a renewable technology. A 1% improvement / deterioration in the forecast quality trans-
lates in-to a factor Yr; 0f 99% / 101%

o A factor Zt, representing the share of the forecast errors on the incremental capacity in-
stalled of a renewable technology which will not be covered by the market players and

therefore contribute to the system imbalance.
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Recurrent formula (iteration): for all imbalance settlement periods (15min) in a year

Expected evolution of

imk . N q
TR [T ST Contribution of forecast errors (FE;) of incremental capacity installed (AIC)

Expected system
imbalances S\\il' target — pfecinfg:l:::n::lg?g;gp to the system imbalance of new renewable generation for technology i (PV,
year T portfolios compared to year Onshore, Offshore) installed between year T-1and T
T4
* * * X
Sl; X:* Sl + AlCryq;* FEg * Yo Iy
Real-time generation),— Day-ahead-forecast,
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Figure 104 : Visual representation of the methodology used to undertake system imbalance projections

In the third step, the current methodology is used to simulate based on these projections the dynamic
FRR needs. The upscaled LFC block imbalances are set against the database of predicted system fea-
tures used in the existing dimensioning methodology to simulate the result of the probabilistic approach.
A part of the dataset is used to train the algorithms; the other part is to make simulations for 2024-2034.
This allows to determine the average FRR needs, as well as the variability of these FRR needs, taking
into account the maximum of the probabilistic results (PROB99), deterministic methods based on the di-
mensioning incident (DET N-1) and the minimum legal threshold (HIST99). Finally, an estimation is made
of the current aFRR needs based on the new methodology to be implemented in 2024 to determine the

ratio between aFRR needs and mFRR needs.

5.5.3. Assumptions

5.5.3.1 Belgian technology mix

A. Installed renewable capacity

Figure 105 shows the projections on installed renewable capacity between 2024 and 2034 used to ex-
trapolate system imbalances. These are aligned with the CENTRAL scenario in Adequacy and Flexibility
Study 2023. It is noted that the renewable ambitions are much larger compared with the previous study
(represented by the dotted lines in the figure) with additional offshore generation as from 2030 (+1.4 GW),
the increase speed of photovoltaic power developments (+ 1.6 GW in 2023 and even + 4.0 GW in 2032)
and additional onshore wind as from 2026 (+ 0.9 GW in 2032).
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Figure 105 : Installed capacity of offshore wind, onshore wind and solar in Belgium towards 2034 based
on CENTRAL scenario Adeqflex’23 (compared to Adeqflex’21 by means of dotted lines)

B. Forced outages of large generation and storage units

Note that also the large generation and storage units affect future imbalances through the forced outages.
Also, these capacities have been taken from the CENTRAL scenario in Adequacy and Flexibility Study
2023, including the prolongation of Tihange 3 and Doel 4, as well as two new large CCGT units as from
2025. The forced outage probabilities were also updated in the framework of the study and used for this

report as well.

Forced outages of the existing (Nemo Link) and new (Nautilus as from 2030) HVDC interconnectors with
UK, as well as with Denmark (Triton Link as from 2032) affect the system imbalances in the Belgian LFC
block and are therefore also taken into account based on the forced outage probabilities. To correctly
model the impact on the upward and downward reserve needs, the import / export ratio of the intercon-

nectors is taken from observations and available economic dispatch simulations.

Note that the topology of these interconnectors may also affect the calculation of the dimensioning inci-
dent, set as a minimum value for the reserve capacity needs as well in upward as downward direction.
The current design options for Nautilus / Triton ensure that probability of losing more than 1000 MW re-

mains well under the probability levels currently accounted as dimensioning incident as:
« HVDC system will consist in a full bipole system (e.g. a dedicated metallic return will be foreseen in

the cable system). Doing so, a pole failure or a cable failure will only lead to the loss of half of the
HVDC system which will not be more than 1000 MW.
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* The probability of losing more than 1000 MW only becomes unacceptable when coupling both HYDC
systems (PEZ / Nautilus & Triton link) on the island. By design the coupling will only be implemented
in presence of a mean to automatically open the coupling after a fault (e.g. HVDC circtuit-breaker) and

the probability of losing more than 1000 MW remains sufficiently low.

Furthermore, under normal conditions, no other grid elements related to the Princess Elisabeth Zone
(connection of the wind farms to the island, AC connection of the island to the Belgian shore grid, on-
shore grid infrastructure) are expected to impact the dimensioning incident. It is therefore concluded that
by design, the offshore wind power developments do not substantially impact the dimensioning incident in
Elia’'s LFC block.

As foreseen in the Federal Development Plan, Nautilus (as from 2030) and Triton (as from 2032) will be
included in the forced outage simulations in the probabilistic method of the dimensioning (at potential im-

pact of 50% of their installed capacity following the full bi-pole technology).

5.5.3.2 System imbalance and renewable forecast data

To determine future forecast errors to extrapolate the currently observed system imbalances, the day-
ahead offshore generation and prediction are taken from DTU’s simulations for the 2.3 GW (until 2028
included), 3.0 GW (2029) and 5.8 GW (as from 2030) specified in Section 5.4 of this report and represent
future generation and prediction profiles corresponding to weather conditions in 2020 and 2021. This al-
lows to take into account estimated technology and topology of the future offshore wind power fleet on
the 15’ offshore forecast errors used for FRR / mFRR dimensioning. Furthermore, these time series also
represent higher resolutions (up to 5 minutes) which is used to study the effect on aFRR dimensioning.

For these reasons, this data is preferred over Elia’s measurement and forecast data.

For the onshore wind power and solar forecast errors, the historic results of the day-ahead forecast tools
of Elia are used for the same period 2020-21 with a resolution of 15 minutes. The 5 minute resolution is
constructed by means of linear interpolation. Also the historic system imbalance data used as basis for

the extrapolations is taken from 2020-21.

5.5.3.3 Market performance indicators

The market performance indicators are used to determine the share of future forecast errors if wind, solar
and demand will be managed by the market, and which share will effectively contribute to the system im-
balance to be managed by Elia with its reserve capacity. Four scenarios were constructed and presented

by Elia to stakeholders:

1. A worst case or LOW FLEX’ scenario which does not involve the participation of flexible appli-

ances such as home batteries, heat pumps and electric vehicles in the electricity market. In this
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scenario, there is no enhanced market design and no work is undertaken to address other barri-
ers standing in the way of new flexibility participating in the market. Market players are therefore
considered not to be able to balance their portfolios in a suitable manner and the system largely
relies on Elia’s balancing capacity procurement and activations.

2. A best case or ‘HIGH FLEX’ scenario, which includes the near-full participation of flexible appli-
ances in electricity markets. In this scenario, a facilitating market design is fully and quickly
adopted, and work is undertaken to address other identified barriers standing in the way of new
flexibility participating in the system. Market players are able to balance their portfolios in a suita-
ble manner and the system will only rely on Elia’s balancing capacity procurement and activations
as a last resort.

3. A ‘CENTRAL'’ scenario, representing Elia’s best estimate, which is positioned between the LOW
FLEX’ and ‘HIGH FLEX’ scenario. This scenario assumes that a facilitating market design is
quickly and fully adopted and work is undertaken to address the barriers standing in the way of
new flexibility participating in the system. However, this scenario assumes that these changes will

take time to occur, and market imperfections and some barriers will not be immediately lifted.

4. A 'CENTRAL-’ scenario which represents the evolution of the reserve needs if slower and insuffi-
cient progress is made on the uptake of end user flexibility. Elia will need to perform an upward

revision of its projections if this scenario materializes.

The scenarios are based on assumptions related to market performance indicators, representing the abil-
ity of the market to balance forecast errors. Forecast accuracy improvements are fixed at 1% per year,
except for the worst case (‘LOW FLEX’) scenario where it is set at 0%. The chart on the left-hand side of
Figure 103 shows the evolutions in system imbalance over time for the four scenarios: it represents im-
provements to the system imbalance in percentage terms compared with the previous year, considering
the same amount of installed generation (iteratively taking into account new renewable capacity added to
the system over the previous years). This represents evolutions in the assumed ability of market players
to balance the installed capacity. The chart on the right-hand side of Figure 103 shows the evolution of
the BRP coverage, e.g., the ability of market players to cover forecast errors related to new renewable
capacity. It represents the percentage of the corresponding forecast errors related to new capacity which

is covered by the market while the remaining share contributes to the system imbalance.

Note that large system imbalances were observed in 2021 and 2022 related to the energy crisis years
and to the challenge in terms of the visibility of market players connected to the generation of decentral-
ized capacity. For 2024, the scenarios differ in the speed of recovery after the crisis and the uptake of so-

lutions to improve the visibility of decentralized generation. After 2024, scenarios depend on the speed of
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improvements to the market design and addressing other barriers standing in the way of the participation

of end user flexibility. The lower coverage for offshore in the “CENTRAL” and “CENTRAL-* scenarios re-

lates to ongoing investigations to determine the assumptions related to the degree of BRP coverage of

offshore wind forecast errors. Note that the assumptions taken are also based on the hypothesis that new

capacity, including new offshore wind, is subject to balancing responsibility and corresponding incentives.
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Figure 106 : Evolution of the market performance indicators used for the system imbalance projections
2024-2034

Observed LFC block imbalance trends

Figure 104 depicts the yearly evolution of the absolute values of the LFC block imbalance between 2011

and 2023 (until mid-July 2023) and the increase (deterioration) or reduction (improvement) is expressed

as percentage of the previous year:

results show that since 2016 (latest 8 years), a yearly average increase of the absolute average

value of 1.3% was observed. A similar evolution is observed for the largest imbalances where an

average increase of 3.5% was observed,;

results show that since 2019 (latest 5 years), a yearly average increase of the absolute average

value of 1.5% was observed. A similar evolution is observed for the largest imbalances where the

average increase of 3.2% was observed,;
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Figure 107 : Evolution of the Mean Absolute and 99% Percentile Absolute LFC block imbalance ex-
pressed as the increase (+) / decrease (-) expressed as percentage of the previous year

Based on these results a yearly deterioration of the general LFC block imbalances -4.0% was taken as

starting point for 2022 in all scenarios. These are assumed to:

- improve slowly towards -0.5% towards 2026 in a LOW FLEX scenario;

- improve rapidly towards 1.0% towards 2026 and even 1.5% towards 2028 in a HIGH FLEX scenario;

- improve to 0.0% and 0.5% in 2026 and 0.5% and 1.3% in 2028 for the CENTRAL- and CENTRAL
scenario, respectively. A reduction of the market performance to 0.3% and 1% is assumed with an
offshore bidding zone compare to the existing generation fleet following reduced reactive balancing

opportunities in an offshore bidding zone.

With its continuous efforts to provide the market with the right tools and incentives to balance their portfo-
lio, Elia aims to improve LFC block imbalance quality in all scenarios despite the challenges of the energy
transition.

e Observed ability of BRPs to balance their portfolio

The ability for BRPs to deal with offshore generation in their portfolio depends on various elements. Im-
portant is the access of individual BRPs to flexibility. As shown in the previous study, this ability can vary
from BRP to BRP but on average, this is only expected to improve in the future by means of better ac-
cess to markets and better price signals in line with the presented scenarios. Note that the flexibility is
also not necessarily to be found physically in the BRP’s portfolio but can also be accessed via intraday
markets and trough reactive balancing (where BRPs help to balance the system by activating flexibility in

their portfolio reacting on imbalance settlement prices).

A first indicator which is used to build the scenarios on LFC block imbalance projections are the intraday
forecast updates, e.g., the evolution of the forecast error when going from the day-ahead to the last fore-
cast. These indicators can be calculated by means of historic observations. The literature shows that the

relative theoretical improvement potential of an intraday forecast compared to a forecast on D-1 is in the
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range of 30% to 40% maximum. Based on observations of Elia’s forecast tools and offshore wind power
nominations in 2020-21, Figure 108 shows that this improvement finds itself at the lower end with 20% to
30% improvement. This is lower than observed in the previous study for 2018-19 which seems to be due
to better day-ahead forecasting. Note that for offshore, it is more representative to look at the nominations

than at the Elia forecast tool due to known forecasting issues in this period.

However, with improving liquidity on intraday markets, it is assumed that BRPs can adapt their position in
function of this forecast update. Note however that with increasing renewable capacity, these forecast er-
rors, generally expressed in percentage, require increasing volumes of flexibility, generally expressed in

power.

Mean Absolute Error Mean Absolute Error Intraday forecast
2020 - 2021 .
Day-ahead Last Forecast improvement
Offshore 11,0% 9,0%
Offshore Nom. 7,9% 6,0%
Onshore 4,1% 2,8%
Photovoltaics 1,6% 1,2%

Figure 108 : Forecast error statistics for year 2020 and 2021 (Elia forecast tools and offshore wind power
nominations)

It is to be noted that additional analyses in the MOG 2 system integration, focusing on the system imbal-
ance and market positions during unpredicted offshore wind power variations, and in particular largest
variations which have the most impact on the larger LFC block imbalances relevant for reserve dimen-
sioning, have already confirmed that there are positive correlations between the forecast errors and the

BRP imbalances.

The intraday forecast improvement and additional analyses on the behavior of the system imbalance dur-
ing periods with large forecast errors justify the BRP coverage starting point of around 30%. Concerning
the projections, the BRP coverage is expected to improve in all scenarios in line with the scenarios pre-

sented above.
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Based on the projections of system imbalances for 2024 and 2034, projections are made on the FRR,
aFRR and mFRR needs. These needs are calculated based on the current dynamic dimensioning
method applied by Elia on a daily basis to determine the reserve needs, while the aFRR needs are deter-
mined based on the methodology which is approved to be implemented in Q4 202434, Figure 109 (upper

left), the projections for upward FRR needs show that average reserve levels can:

- increase from around 1100 MW in 2024 to around 2,200 MW in 2034 in the LOW FLEX scenatrio;
- increase from around 1060 MW in 2024 to around 1,360 MW in 2034 in the HIGH FLEX scenario;
- increase from around 1090 MW in 2024 to around 1,660 MW in 2034 in the CENTRAL scenario;

- increase from around 1090 MW in 2024 to around 1,850 MW in 2034 in the CENTRAL- scenario.

This means that the average reserve needs can increase with a factor 2 compared with today’s FRR lev-
els (around 1,040 MW), following the penetration of variable renewable generation in a ‘worst case’ LOW
FLEX scenario. Projections show that offshore wind developments have a prominent effect between 2029
and 2030. It is also confirmed that in a best ‘HIGH FLEX’ scenario, this reserve capacity increase towards
2034 can be limited to a factor 1,3. As indicated above, Elia considers the CENTRAL scenario as its best
estimate scenario. If the upcoming evolutions indicate that market design improvements or solutions to
identified barriers do not progress as foreseen, Elia will shift its best estimate towards a CENTRAL- sce-

nario, closer to the LOW FLEX scenario.

34 More info on Elia website: https://www.elia.be/en/electricity-market-and-system/system-services/keeping-the-balance
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Figure 109 : FRR and aFRR reserve needs projections

The projections for downward FRR needs (Figure 109, upper right) show that average reserve levels can:

e increase from around 1090 MW in 2024 to around 2,100 MW in 2034 in the LOW FLEX scenario;
e increase from around 1030 MW in 2024 to around 1,170 MW in 2024 in the HIGH FLEX scenario;
e increase from around 1060 MW in 2024 to around 1,520 MW in 2034 in the CENTRAL scenario;

e increase from around 1060 MW in 2024 to around 1,750 MW in 2034 in the CENTRAL- scenario.

The downward reserve needs projections in the run-up to 2034 are found to behave in a similar way to
the upward reserves, although the reserve needs are slightly lower as downward reserve needs are less
impacted by forced outage risks. While forced outage risk of generators only impact the upward reserve
needs, outages of HVDC interconnectors can impact the downward reserves when losing the cable when
scheduled in energy export. Note that this asymmetry between the upward and downward FRR needs is
lower in the LOW FLEX scenario, since the forced outage risks of generators have lower weight com-

pared to the prediction risks of renewable generation.

208



Elia | Technical report — Final outcome of the Task Force Princess Elisabeth Zone

As demonstrated in the MOG 2 system integration study by comparing a scenario with and without addi-
tional offshore wind energy, offshore wind power has an impact on the reserve capacity needs. This is
also confirmed in this study by means of the incremental FRR needs between 2028 and 2030. However,
no specific assessment is made of the impact of additional offshore wind power in this study. Reserves
are assessed for all renewables and outages together and there is no specific value in analyzing the im-
pact of individual drivers under current legislation (cf. Article 157 of the SO Regulation). Instead, it is con-
sidered more useful to focus on managing this reserve capacity needs increase and it particular the cost
of balancing capacity procurement.

While the results in the previous paragraphs focus on the average reserve needs, Figure 110 details the
expected behavior of the dynamic reserve needs following the simulations. Note that these results origi-
nate from the Q4 2022 simulation run (before updating the renewable generation profiles with the latest
ambitions communicated by the government begin 2023) but this is not expected to have a significant im-
pact except for 2028 which already assumes 700 MW of additional wind power installed and therefore will

overestimate the reserve needs.

upward FRR -ref case a- 2024 upward FRR -ref case a- 2028 upward FRR -ref case a- 2032
2500 2500 2500

2000 2000 2000

1500 1500 1500

1000 &’ 1000 1000

500 500 500

Prob 99 Det N-1 Hist 99 FRR needs Prob 99 Det N-1 Hist 99 FRR needs Prob 99 Det N-1 Hist 99 FRR needs
Methods Methods Methods

downward FRR -ref case a- 2024 downward FRR -ref case a- 2028 downward FRR -ref case a- 2032

2500 2500 2500

2000 2000 2000

1000 + 1000 1000

500 500 500

1500 1500 1500

o o 0 0

Prob 99 Det N-1 Hist 99 FRR needs Prob 99 Det N-1 Hist 99 FRR needs Prob 99 Det N-1 Hist 99 FRR needs
Methods Methods Methods

Figure 110 : box plots of the FRR needs results and the methodology components (PROB99, DET N-1,
HIST99) in 2024, 2028, 2032
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It is shown that, until 2028, the upward FRR needs are, in contrast to today, more and more driven by the
probabilistic result (PROB99) while the minimum threshold (DET N-1) set by the dimensioning incident
still plays a substantial role. The legal threshold (HIST99) does not play any role. However, towards 2032,
the dimensioning incident becomes irrelevant with the increasing probabilistic results. The legal threshold
becomes a constraint as well, flooring minimum values as well as limiting the reserve sharing potential
constrained by the difference between the DET N-1 and the HIST99.

The same trend is observed for the downward FRR needs where similar trends are observed. The dimen-
sioning incident remains relevant after 2024, although to less extent with increasing probabilistic results,
as well when the dimensioning incident is 0 MW when predicting the Nemo Link in import (or considering
the asset as unavailable). The HIST99 floors the minimum needs. Towards 2032, the dimensioning inci-
dent becomes irrelevant as well and the HIST99 will floor the reserve needs. It is important to note that
these represent the results of the CENTRAL scenario, being Elia’s best estimate. Results of a HIGH
FLEX scenario will result in lower probabilistic results, and therefore increase the role of the dimensioning

incident again.

In line with the system imbalance projections and general FRR needs evolutions, aFRR needs are ex-
pected to increase from around 140 - 150 MW in 2024 (this increase compares to the current aFRR
needs of 117 MW and is explained amongst other factors by an expected increase in the targeted balanc-
ing quality by European TSOs). Depending on the scenario, these volumes may increase in the NO FLEX
scenario to 210 — 220 MW in the lead-up to 2034 or return to 150 MW within the same timeframe (after a
temporal increase of 160 MW from 2026 onwards) in the HIGH FLEX scenario. In the CENTRAL sce-
nario, these volumes are assumed to evolve towards 170 MW. Note that the aFRR needs are calculated
separately for upward and downward directions, but as the difference is generally small, the projections
are represented by the average of the upward and downward results. Note that the mFRR reserve needs

are calculated as the difference between the FRR needs and the aFRR needs.

In 2022, Elia presented its methodology to stakeholders for accounting non-contracted balancing energy
bids on mFRR from 2027 onwards. This will be based on a machine learning forecast of the available
MFRR balancing energy bids which are not related to upfront procurement for the next day. The effect on
balancing capacity procurement is therefore expected to be felt from 2028 onwards. Based on the same
timeline, Elia has proposed to investigate dynamic approaches for accounting for cross-border flexibility
(through reserve sharing). Together, these evolutions are expected to result in the following:

e mFRR reserve sharing volumes of up to 250 MW / 350 MW for upward and downward capacity

respectively in the lead-up to 2027, increasing to 300 MW / 350 from 2028 onwards through the

implementation of dynamic sharing methodologies;
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e based on dynamic and partial procurement strategies in the HIGH FLEX and CENTRAL scenar-
ios, partial procurement strategies allow the mFRR balancing capacity procurement to be gradu-
ally reduced by forecasting available non-contracted balancing energy bids and subtracting these
from the needs;

e an assumption that downward flexibility can remain covered without downward procurement of

MFRR balancing capacity.

Figure 111 depicts the up- and downward balancing capacity to be procured under each scenario. These
assumptions remain subject to many uncertainties. While Elia’s Adequacy and Flexibility Study indicated
an increasing availability of fast flexibility means (reaction in a few hours down to 15 minutes), this does
not translate in a one-to-one manner to available non-contracted balancing energy bids and depends
largely on the ability to comply with product characteristics of mFRR, as well as relieving the barriers for
new flexibility delivered by end users to actively participate in balancing markets. The contribution of
cross-border flexibility depends on liquidity in the mFRR balancing energy platform, while reforming the
regulatory, or even legal framework, to fully account for cross-border flexibility in the local dimensioning of
balancing capacity. Elia investigated a methodology to account for non-contracted balancing energy bids

in MFRR dimensioning and presented a specific implementation plan in the lead-up to 2027.

Based on the results of the available ramping flexibility (reaction within 5 minutes), similar conclusions
could also be drawn for aFRR needs. However, no plans exist at this point in terms of the implementation

of methods allowing to account for non-contracted aFRR balancing energy bids.
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Figure 111 : Expected upward and downward mFRR procurement
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This study updates the projections of Elia’s FRR reserve requirements (FCR remains outside the scope of
this study as dimensioned on continental level and not expected to be impacted by the foreseen Belgian
offshore developments) following the integration of additional offshore wind power, and variable renewa-
ble generation in general. Besides the scenarios concerning Belgium’s generation fleet, this is based on
the ability of the market players to deal with future portfolio and system imbalances caused by offshore
wind power, as well as with other variable renewable prediction errors and variations and forced outages

of generation and transmission assets.

It is important that under the current infrastructure design proposals, no impact as such is identified
through the dimensioning incident, i.e. the largest outage in the system which determined the minimum
reserve capacity needs under all conditions. This is due to the design choices increasing the redundancy
of the equipment.

In contrast, the probabilistic results confirm the increasing upward (downward) FRR reserve capacity
needs towards 2030 in all scenarios:

e To01910 MW (1740 MW) in LOW FLEX scenario

e To 1320 MW (1100 MW) in a HIGH FLEX scenario

e To0 1590 MW (1410 MW) in the CENTRAL scenario, e.g. Elia’s best estimate.

The focus of Elia is on the management of this increase in general, rather than on isolating the impact of
offshore wind power. While it is possible to determine the impact of offshore wind power (as shown in the
MOG 2 2020 study) through sensitivities this is not very relevant as reserve capacity needs are deter-
mined by all drivers together, based on observed system imbalances following SO Regulation. Neverthe-
less, the impact of offshore is relatively clear following the substantial increase in needs between 2028
and 2030 with an increase of upward FRR capacity needs with 440 MW (LOW FLEX), 82 MW (HIGH
FLEX) and 238 MW (CENTRAL) and downward FRR capacity needs with 328 MW (LOW FLEX), 26 MW
(HIGH FLEX) and 165 MW (CENTRAL). This translates mainly to mFRR needs while aFRR needs are
expected to increase with almost 20 MW (to around 200 MW) in the LOW FLEX scenario and remain sta-
ble (at around 155 MW) in the HIGH FLEX scenario. These capacities are used in the system simulations
as specified in Section 5.6 to determine the need for mitigation measures to deal with exceptional balanc-

ing conditions following offshore storm and ramping events.

Note that Elia’s has the ambition to manage increasing reserve capacity needs without additional balanc-
ing capacity procurements by means of implementation of its dynamic procurement roadmap, forecasting
available local and cross-border non-contracted balancing energy bids in the system for the next day and

procuring only upfront the missing energy as balancing capacity. This will nevertheless require substantial
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efforts in the development and participation of new flexibility in the system, as well under form of reactive

balancing (through BRP portfolios) as balancing energy bids (through explicit bids).

As further discussed in Section 5.8, Elia does not expect a fundamental impact of creating an offshore
bidding zone on reserve dimensioning and balancing capacity procurement. While reserve capacity
needs may slightly increase following lower reactive balancing opportunities for the BRPs in the offshore
LFC Area (taken into account in the reserve projections), this should not impact the available flexibility
offered in the EU balancing platforms through explicit bidding. Potential geographical constraints can be

taken into account in the dimensioning methodology but are expected to not play a major role as:

e shortages in the Offshore Bidding Zone free up capacity on the cable and can under normal con-
ditions always be balanced by activating balancing energy in the Belgian LFC area (complemen-
tary to potential access to the connected balancing markets);

e excess in the Offshore Bidding Zone can always be managed by wind power control through ex-
plicit balancing energy bids or other control measures (complementary to potential access to the

connected balancing markets).

This section aims to evaluate the real time system operation impact of increasing the installed offshore
wind power capacity from 2.3 GW to 5.8 GW. The assessment builds on the results presented in previous
sections concerning the expected offshore generation profiles, as well as on system evolutions with re-

spect to available flexibility in the system facilitated through Elia’s reserve capacity.

Section 5.6.1 provides an overview of the methodology used for the system simulations and the evalua-
tion criteria with which the results are assessed. Section 5.6.2 discusses on the most important assump-
tions in the modelling : (1) the minimum flexibility available during balancing events (ensured by available
FRR), (2) the ability of market players to balance their portfolio during a storm or ramping event, and fi-
nally (3) the activation characteristics of the reserves. Section 5.6.3 validates the model by means of ana-
lyzing step-by-step the impact of the assumptions compared trough the previous study. Finally, the re-
sults of the simulation events are presented and analyzed in Section 5.6.4 taking into consideration the

scenarios and sensitivities with conclusions in Section 5.6.5.

Note that the scope of the system simulations is limited to storm and ramping events. These are defined

as:

1. Ramping events (below wind speeds of 20 m/s): sudden variation of wind power generation as a
result of wind speed variation related to the exponential profile of the power curve at normal wind

speeds.
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2. Storm events (above wind speeds of 20 m/s): sudden variation of wind power generation due to
cut-out / cut-in behavior of wind turbines in case of elevated wind speed related to high wind

speed management systems of turbines.

The methodology is based on a deterministic approach where the objective of the model is to evaluate
the impact of a given event on real-time system operations. The analyses below do not take into account
any mitigation measure or specific restriction yet, however some sensitivities have been performed to as-
sess the impact of the recommended mitigation measures. These impact assessments are discussed in
Section 5.7.

5.6.1.0 Selection of events

The Technical University of Denmark (DTU) has provided simulations for different scenarios of installed
offshore wind farms in the Belgian North Sea. These simulations include the power output of existing and

new offshore wind farms in resolutions up to five minutes for a horizon of 40 years.

For each scenario of installed offshore capacity (2.3 GW, 3.0 GW, 4.4 GW and 5.8 GW), DTU has de-
fined sets of storm and extreme ramping events, based on observations in 40 years of simulation data.
Furthermore, the frequency of occurrence and other important characteristics of these events are also
available. A focus is put on a selection of ramping and storm events for 4.4 GW (for comparison with the
previous study) and 5.8 GW (current scenario for wind power developments in Belgium towards 2030)
scenarios that are used in the study as an input to the real-time impact assessments. Note that the 4.4
GW scenario is only used to allow the comparison of the results in this study with the outcome of the pre-

vious study presented in the MOG 2 system integration study of 2020.

» Selection of ramping events

Extreme ramping events are high increase (or decrease) in power output over a limited time period. The
analysis focuses on three types of ramping events, as provided by DTU, namely:

*  5-minute ramping events;
* 15-minute ramping events;

*  60-minute ramping events.

A database containing a collection of such ramping events, classified based on the generator, shut down
technology and the power ramp (over 5, 15 and 60 minutes) is used. Based on these dimensions, specific
events have been selected representing the different cases to be analyzed. The data for any given case

consists of a timeseries with a resolution of 1 minute.
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A selection of eight events is identified from the 60-minutes ramping events database, complemented
with the 15-minute ramping events, to select events with fast variations. The analysis was performed only
using data sets considering wind turbines of technology type ‘TECH B’. This will result in higher wind
power variations compared to ‘TECH A’ due to the steeper power curve profile at normal wind speeds.
The selection of assumptions resulting in the largest variations is justified by Elia to be able to ensure

system security in every feasible scenario.

» Selection of storm events

Storm events result in a decrease of power output due to the wind speed exceeding the cut-out speed of
wind turbines. A storm event is characterized by a cut-out (shut down of the turbines) phase followed by a
relative stable power output, at 0 MW, and a cut-in phase (re-activation of the turbines). The analysis
mainly focuses on extreme storm events with very high wind speeds resulting in a high or total cut-out of

the offshore wind farms.

Similarly, to the ramping events, a selection of eight events with maximum power deviation during the
storm as well as longer periods of cut-off are used for the purpose of the analysis. The analysis per-
formed focuses on the 25m/s — direct cut off shutdown technology of wind turbines, to observe the viola-

tion durations without any mitigation measure.

5.6.1.1 Simulation model

A simulation model has been developed to simulate the reaction of the system on ramping or storm

events using three categories of assumptions (Figure 112):

(1) available balancing energy, representing the minimum flexibility available during balancing events
trough Elia’s available FRR reserve capacity;

(2) the BRP reaction, representing the ability of market players and corresponding BRPs to balance
their portfolio during a storm or ramping event; and

(3) the FRR reserve capacity activation process, representing the activation of available aFRR and

mMFRR balancing energy bids.

The aFRR activation process takes into account imbalance netting with other regions, the availability of
aFRR balancing energy bids, reserved and non-reserved. The mFRR activation process takes into ac-
count the mFRR balancing energy bids, reserved and non-reserved, as well as available sharing capaci-

ties with other regions.
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The simulation model results in two principal outputs:

1. ‘Contribution to the System Imbalance (SI)%* is defined as the difference between the change in
power output of the offshore wind farms and the reaction of respective BRPs (meaning that the rest of
the system is assumed to be balanced);

2. ‘Area Control Error (ACE)®® defined as the difference between contribution to the System Imbalance
and Net Regulating Volume, representing the Balancing Energy activated by the TSO.

Imbalance netting
aFRR Reserved
aFRR Non-Reserved

mFRR Reserved
mFRR Sharing (fixed)
mFRR Non-Reserved

Balancing Energy BRP reaction

Simulation
model

Ramp or storm
event

Output

< Yes
No

Figure 112 : Schematic representation of the simulation model used for analysis of impact on real-time
system operations

The output of the model is a remaining area control error, representing the shortage or excess following
the storm which could not be managed by the market or Elia. This results in unscheduled exchanges with
other regions which are to be avoided. The simulated behavior of the ACE is then used to analyze the

duration of violations durations in each of the different cases.

5.6.1.2 Validation criteria

In order to validate whether a simulated ramping or storm event can be considered as acceptable in
terms of impact on real-time system operations, specific validation criteria on the maximum acceptable
ACE and duration of the ACE have been defined in the context of this analysis. These validation criteria

are based on requirements of SO Regulation, as well as operational agreements between TSOs. These

35 Also referred to as LFC block imbalances

36 Also referred to as FRCE (Frequency Restoration Control Error)
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will be used to assess the severity of outcomes and thus the potential need in term of mitigation

measures:

e article 18.2 of SO Regulation indicates that the Continental Europe Synchronous Area goes into
alert state if the frequency deviation is higher than 50 mHz for 15 minutes or higher than 100
mHz for 5 minutes;

e article 18.3 of SO Regulations states that the Continental Europe Synchronous Area will go into

emergency state if the frequency deviation exceeds 200 mHz.

In order to convert this into an ACE based criteria for the Elia control area, it is considered that Elia
should not be responsible for more than 25% of the deviation in the nominal frequency of the synchro-
nous area. This ratio is high compared to the size of the Belgian LFC block, which is somehow reflected
by the ratio of the FCR obligation of Belgium which is around 80 MW of the total volume of 3000 MW
needed for the overall continental synchronous area. The 25% threshold is reflected as well in the Article
152.13 of SO Regulation, which indicates that a participation of more than 25% to the total deviation for
more than 30 consecutive minutes needs to be avoided. The validation criteria are defined to avoid the

occurrence of such events.

With the above principles and considering a regulating power factor of the continental system of 30000
MW / Hz (this means that a deviation of 3000 MW leads to a frequency deviation of 0.1 Hz or 100 mHz),
the frequency deviation from SO Regulation can be converted into an ACE of the Elia control zone. This

means that:

e afrequency deviation higher than 50 mHz for 15 minutes corresponds to an ACE higher than 375
MW for 15 minutes, which should be assimilated to an alert state. A frequency deviation higher
than 100 mHz for 5 minutes becomes an imbalance higher than 750 MW for 5 minutes, which
should as well be assimilated to an alert state;

e afrequency deviation higher than 200 mHz (for any duration) becomes an ACE higher than 1500
MW, which should be assimilated to an emergency state;

e coming back to Article 152.13 of SOGL, we can also state that the imbalance of the Elia control
area cannot exceed 25% of the reference incident of continental Europe (which is 3000 MW) for
30 minutes. So, the imbalance of the Elia control zone cannot exceed 750 MW for 30 minutes

without entering in emergency state.
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Status indicator:

Following the above SO Regulation articles, the validation criteria are differentiated in function of the se-
verity which is done by means of a color indication as in the EAS (Emergency Awareness System) in Fig-
ure 113:

it represents the normal situations and all acceptable cases;

2. the yellow zone represents a violation of the criteria and implies that the
extraordinary procedure for frequency deviation would be launched, which requires all TSOs to take
action to reduce the frequency deviation;

3. Red zone - Emergency state: The red represents a violation of the criteria and could trigger load

shedding (depending on the observed frequency at that time) and thus to be avoided at all times.

® Emergency
1500 +50

11254
750 - +25 Normal

+375 Alert

375+ +125
ACE Frequency deviation

[MW] 01 0 [mHz]
-375 - 12,5

=750 -
-1125 4
-1500

Duration [min]

Figure 113 : Graphical representation of the validation criteria

5.6.2. Assumptions

5.6.2.1 Available reserve capacity during storm and ramp events

As explained in the Section 5.6.1, the methodology takes into account available flexibility in the system
through balancing energy bids. Total flexibility in the system depends on many elements and is made
available by the market (through intraday market and portfolio balancing) and by the TSO (through re-
serve capacity). While the market flexibility is captured in the simulations through the BRP reaction (dis-
cussed in Section 5.6.2.1), the available balancing energy is based on projections of Elia’s FRR reserve
capacity. It can be seen as the minimum flexibility in the system ensured by the TSO following dimension-
ing methodologies in line with the legal requirements and after regulatory approval. This includes aFRR

and mFRR. Note that the framework of Elia’s reserve projections is discussed in Section 5.5.

Figure 114 gives an overview of the available reserve scenarios. A first simulation is based on minimum

flexibility (referred to as Case 1). The available FRR is aligned with the upward FRR reserve capacity in
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the HIGH FLEX scenario, e.g., around 1300 MW in 2030. Note that in a HIGH FLEX scenario, the ability
of market players to balance their portfolio during normal system conditions is high and Elia’s reserve ca-
pacity needs remain therefore low. Note that the available aFRR in every scenario remains aligned with
Elia’s CENTRAL scenario (which is Elia’s best estimate), i.e. around 180 MW in 2030. Note that:

¢ the downward FRR needs are lower in a best case scenario, i.e., around 1100 MW;

e the aFRR needs are lower in a best case scenario, i.e., around 160 MW,

o available flexibility can in theory be lower following dynamic dimensioning methods for FRR and
aFRR, determined on the predicted imbalance risks in the system. Nevertheless, it is not deemed
likely that these will be lower during periods with potential storm or ramping events, typically char-
acterized by high wind.

Case 2 is characterized by additional mFRR availability and is approximatively aligned with the CENTRAL
scenario, around 1500 MW in 2030. As the CENTRAL scenario is Elia’s best estimate, one could say that
case 2 might be the most representative in terms of minimum flexibility. Also note here that the upward
FRR in the CENTRAL scenario is slightly higher, i.e., around 1600 MW and the downward FRR is slightly
lower, i.e. around 1400 MW. This means that the system violations might be slightly overestimated in up-
ward direction, and slightly underestimated in downward direction®’. The estimations and sensitivities

should be used to map best estimate minimum reserve capacity on the conducted sensitivities, in this

case 2.
| eseniescemario_|___FRRIW__[__aFrRim | e
Case 1 1300 1120
Case 2 1500 1320
180
Case 3 2000 1820
Case 4 2500 2320

Figure 114 : Assumptions on the available FRR in the system

Case 3 and 4 assume increasing mFRR availability through non-contracted balancing energy bids in the
European balancing energy platform (Mari) with an assumed total FRR of 2000 MW and 2500 MW re-
spectively. This is not unrealistic as additional cross-border flexibility will become available as such

through the European balancing platform Mari as from 2024. Nevertheless, liquidity on these platforms

37The minor differences with the cases presented and the scenarios is explained by the fact that final calculation of the reserve ca-
pacity projections were finished after the system simulations were already conducted. Both tasks were conducted in parallel to re-
duce the lead time of the study.
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are subject to large uncertainty and one should realize that storm and ramping events are likely corre-

lated with neighboring systems which justify to be cautious when interpreting these results.

Note that in the previous study, a sensitivity analysis was conducted by adding additional volumes of
aFRR to selected cases. This is related to the availability of imbalance netting or additional non-con-
tracted balancing energy bids through Picasso. This sensitivity was found to have a positive effect on sys-
tem violations but is not re-conducted following the uncertainty on liquidity. Furthermore, the mitigation
measures need to be robust for worst case conditions, which justifies taking a conservative assumption

not taking into account additional aFRR volumes.

5.6.2.2 Balancing market performance during storm and ramp events

The balancing market performance is reflected in the system simulation model by means of three indica-

tors:

e Coverage [%)]: represents the part of the increase or reduction in power generation covered by the
market. It relates to how a decrease or increase in offshore wind power translates into a system im-
balance.

e Coverage gradient [%/min]: represents the rate with which the market reacts to cover power varia-
tions. It relates to how fast an offshore wind power variation translates into system imbalance varia-
tions.

e Full Recovery Time [min]: represents the time needed for BRPs to fully cover the system imbalance
in a stable way. It relates to how long it takes to return the system imbalance to 0 MW after an off-

shore wind power variation.

It is important that the methodology to determine these indicators is improved compared to the previous
study considering a set of recent events. While the indicators were based on a few best and worst case
examples of system imbalance behavior during storm and ramping, a methodology is put in place to cal-
culate the above-mentioned indicators based on all storm events and for 6 to 7 of the largest non-storm
related ramp events per year. The values are based on observations during storm periods and largest

ramping events over a period from the start of 2020 until Summer 2022. This only relates to events after

the commissioning of the full 2.3 GW wind power. The results are shown in Figure 115.

Down Ramping event (shortage) Up Rampingevent (excess) Storm cut-out
Assumptions for T Full T T Full T Full T
suoew Coverage | recovery | Gradient | Coverage | recovery | Gradient | Coverage | recovery | Gradient
time time time

Best case

Worst case

Performance compared

to MOG 2 (2020) assumptions _

Figure 115 : Balancing market performance assumptions
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The balancing market performance indicators for the storm cut-outs are all higher or at least equal com-
pared to the previous study. The best case performance is based on the best average coverage observed
(storm Eunice in 2022 and Christoph in 2021). The worst case is based on the worst average coverage
observed (storm Dennis in 2020). The full recovery time is based on the average of the yearly maximum
and minimum duration the period 2020-2022 while the gradient is based on the average gradient over the

same period.

The downward ramping events during storms and other events are observed to be higher or equal
than in the previous study. The worst case and the best case coverage are based on the average of the
yearly maximum and minimum over the period 2020-2022 while the gradient is based on the average gra-
dient over the same period. Note that that no improvement is observed for the worst case compared to
the previous study. The behavior during downward ramping events is very asymmetric to the upward di-
rection where performance is not assumed to be much higher (which was not taken into account in the
previous study as not split was made between upward and downward ramping events). This observation
follows the fact that wind power can react on excess energy by means of self-curtailment.

@ Update of balancing market performance based on latest observations until Summer 2023

Note that on request of some stakeholders during the Task Force discussions, Elia conducted an up-
date of its original analysis (until Summer 2022) with observations until Summer 2023. It is first con-
cluded that no new storm events were registered between Summer 2022 and summer 2023. Values
are therefore maintained on best and worst market performance observed (average performance over
the duration of the storm). No obvious positive trends in market performance are observed during the

latest 3 years (large variations in behavior or storm, predictability, and system impact).

The analysis was however extended with largest up- and downward ramping events in the second
part of 2022 and first part of 2023. The update confirms that base case market performance during
upward ramping events should be improved to 90% (as confirmed by representatives of the offshore
sector during the Task Force discussions). Nevertheless, the worst case assumptions is maintained at
50%, based on the yearly average of the minimum performance between 2020 and mid-2023. As the
mitigation measures are based on the worst case conditions, no impact of increasing the performance
to 90% is therefore expected on the conclusions of the study. Market performance assumptions on
the downward ramping events are confirmed (yearly average of the minimum and maximum perfor-

mance).

Note that the average gradient over different type of events is confirmed and varies between 2,8%

and 3,7%, and is therefore maintained at 3,0% for reasons of simplification.
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In general, it is noted that the best case events relate to well forecasted events, while worst case events
relate to badly forecasted events. Furthermore, it is noted that no clear positive evolution is observed over
time neither for storms or ramps. It is however not easy to draw such conclusions as the performance de-
pends on many aspects such as the predictability, the behavior of the event and the general conditions in
the system such as the availability of flexibility in the system. Nevertheless, by lack of better information, it
is assumed that these market performance indicators will prevail towards 2030.Market performance levels
are thus kept equal to current observations and therefore assume that absolute performance is increased
to maintain the same relative performance in view of adding 3.5 GW of offshore wind power. In other
words, these balancing market performance indicators already assume a substantial improvement in pre-
dictability and flexibility in the system to allow market players to maintain balancing performance with ad-
ditional offshore wind power. Note that in contrast, market performance during normal conditions, used
for the reserve projections (Section 5.5.3.3), are assumed to improve, at least in Elia’s best estimate and

high flexibility scenarios.

5.6.2.3 Activation characteristics of reserves

This section specifies the assumptions on reserve activation in the simulation model. It includes several

improvements compared to the MOG 2 system integration study.

Firstly, the aFRR controller is tuned to larger aFRR activation volumes (larger than the contracted vol-
ume). In addition, the foreseen 5 min Full Activation Time (FAT) for all aFRR reserves activation is taken
into account, using Merit Order List activation sequence in line with the new foreseen design evolution
linked with the connection to Picasso. The mFRR activation logic is improved to capture better operator
decisions (direct / scheduled activations) following the foreseen design after connection to the European

balancing energy platform (Mari).

Secondly, the modelling dependence between frequency and system imbalance is improved by taking
into consideration more up to date figure on k-factor characteristics. It is important to note that the study
is based on system imbalances and area control errors resulting from offshore wind (compensated by as-

sumptions on available flexibility) only. The rest of the system is assumed to be balanced.

No fundamental impact on the model is expected when considering an offshore bidding zone. No major

impact is assumed on system imbalance if wind power is connected through DC or AC.

The uncertainty on available reserve capacity, BRP ability and topology evolution are captured through

sensitivity analysis (cf. Section 5.6.2.1 and Section 5.6.2.2).
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The philosophy for validation considers a selection of eight events tested against thirty-two combinations
of sensitivities. This results in a total of 256 simulations. The combinations correspond to the type of the
events (storm and ramping events), the direction of the event (upward and downward), the market perfor-
mance (best and worst) and the available FRR (1300 MW, 1500 MW, 2000 MW and 2500 MW). As men-
tioned in Section 5.6.1.0, the eight events are selected as being the most severe events — as well in
power variation as in duration. Furthermore, these tests are carried out on different horizons of installed
capacities, i.e. 4.4GW and 5.8GW.

The following steps have been performed in order to validate the newly received data and the model ad-
aptations compared to the previous study as well as to analyse the impact, independently of the installed

capacity scenarios and market performance assumptions:

a. Validation of the impact of modelling improvements and establishing consistency with previous

validation study (impact of new data)

e Update of wind generation profiles
e Update of timings for the scheduled activation aligned with foreseen FRR product design

e Scheduled and direct activation considered simultaneously.

The updates to the model concerning the aFRR controller (Picasso design) and mFRR activation logic
(Mari design) allow a better capture the flexibility behavior. These updates are found to have a marginal

positive impact on the violation durations following the improved flexibility response.

Simulations in the 4.4GW horizon are carried out at first, to compare the impact of the revised DTU data
and the modelling updates against the previous 4.4GW in the MOG 2 system integration study of 2020.
This comparison against the previous reference establishes an understanding of the new revisions and
provides a new point of reference against which the further studies assessing the impact of 5.8GW off-

shore wind capacity and expected market performance can be compared.

b. Analysis of impact of increasing the installed offshore wind power capacity from 4.4GW in the

previous study to 5.8GW, based on the newly available data

Having established a new point of reference in the first validation study, the objective in this validation
study is to observe the impact of 5.8 GW offshore wind capacity. The simulations carried out under this
part of the study assume the previously considered market performance. This is done so as to focus only
on the impact of increased offshore capacity. As it could logically have been expected, it is concluded
from the outcomes of this study that there is a negative impact of the new installations on the violation du-
rations, as for a given flexibility and unevolved market performance it takes a longer duration for the ACE

to return to normal state.
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c. Analysis of the impact of expected market performance, in the view of the new market perfor-

mance assumptions

Following the modelling updates, revised data and new offshore capability the idea here is to assess the
overall impact on the system considering the improved market behavior. In general, this has a positive
effect on the violations compared to the previous study particularly for the best case simulations for which
the market performance is substantially increased compared to the previous study. The study focuses on
the violations observed in sensitivity corresponding to different market behaviors and flexibility situations
across storm and ramping events. The observations of this study can be used as a reference to justify the

need and study the impact of the proposed mitigation measures.

MOG2 4.4GW 5.8GW 5.8GW
2020 Study old BR.P old BR.P New BI'!P
assumptions assumptions assumptions
DTU data version Old data New data New data New data
Offshore wind power 44GW 44GW 5.8 GW 5.8GW
capacity
Technology scenario Tech—-B Tech—-B Tech—-B Tech—-B
Storm shutdown scenario 25m/s 25m/s 25m/s 25m/s

Sensitivity on available
flexibility

1250 - 2500 MW

1250 - 2500 MW

1250 - 2500 MW

1300 - 2500 MW

Activation type

Direct +

Scheduled

Direct +

Scheduled

Direct +

Scheduled
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Scheduled

Market performance
indicator version

Old indicators

Best / Worst case

Old indicators
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Measured impact
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Impact of
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Figure 116 : Overview of validation studies carried out for different sensitivities and scenarios

This section presents an overview of the simulation results, obtained from the validation studies de-
scribed in the previous section. The outcomes from the validation studies ‘a’ and ‘b’ as discussed in the

previous section, were found to be in line with the expectation.

With the reference of validation studies “a” and “b”, the focus of the section revolves around the observa-

“

tions in the validation study “c”, performed to assess the impact of improved market performance.
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As discussed in Section 5.6.1.2, the total (cumulative) violation durations for the eight events in storm (cut
—in, cut — out), upward and downward ramping events are categorized into alert and emergency states

and these are observed for two dimensions of sensitivities:

a) Market performance — represented by best or worst market performance scenarios;

b) The available flexibility — represented by the available FRR balancing energy scenarios.

5.6.4.1 Upward — storm

The observations for storm events, specifically the ‘cut — in’ or upward part of the storm, when the genera-
tion returns after a period of absence, are depicted in Figure 117. The figure shows the cumulative viola-
tions (representing excess energy in the system) observed for different FRR scenarios for both the best
and worst market performance scenarios, and further classifies the violation duration based on the state

of the system — alert and emergency.

Best Scenario Worst Scenario

System State

alert
B emergency

1820 1 ZQSE

mFRR reserves (MW)

0 500 1000 1500 2000 2500 3000 3500 ] 500 1000 1500 2000 2500 3000 3500
System State Duration (in min) System State Duration (in min)

Figure 117 : Overview of cumulative violation durations in the case of storm cut-in events

Observations

e Violations with best market performance:
- No violations are observed in any of the available FRR scenarios for all the eight simulated
events. The market performance is sufficient to sustain the balancing needs even under the low-
est available FRR reserves conditions.

¢ Violations with worst market performance:

- Violations of alert and emergencies are observed for all available FRR scenarios (except for the
highest reserve scenario where the violations remain limited to the alert state);

- The observed violations in ACE are well correlated to the available FRR such that a maximum
cumulative violation duration of 780 minutes (199 minutes of alert and 580 minutes of emer-
gency) is observed in the lowest FRR scenario (1300 MW);

- For atotal simulation duration of 2913 minutes across eight events, the emergency state in the

lowest FRR scenario lasts 580 minutes — giving a 20 % emergency duration;
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- Violations remain limited to the alert state in the high FRR scenarios. For the highest FRR sce-
nario of 2500 MW, the ACE still spends a total of 319 minutes in alert state, while the emergency
state violations already occur 215 minutes in the FRR scenario of 2000 MW.

5.6.4.2 Downward — storm

The observations for storm events, specifically the ‘cut — out’ or downward part of the storm, when the
generation is lost is depicted in Figure 118.

Best Scenario Worst Scenario

2320 1 1332 System State
alert

B emergency
1820

mFRR reserves (MW)

1120

(1] 500 1000 1500 2000 2500 3000 3500 4] S00 1000 1500 2000 2500 3000 3500

System State Duration (in min) System State Duration (in min)

Figure 118 : Overview of cumulative violation durations in the case of storm cut-out events

Observations

¢ Violations with best market performance:
- The market performance is sufficient to sustain the balancing needs, even in the lowest FRR sce-
narios. We nevertheless observe 5 minutes of Alert violations in total for all FRR levels (not ob-
servable on the graph due to the scale).

e Violations with worst market performance:

- The worst market performance scenario observes alert and emergency state violations for lowest
FRR scenarios studied (except for the highest FRR scenario where the violations remain limited
to the alert state);

- For the least FRR levels sensitivity, the total violation observed is 3581 minutes (641 minutes in
alert state and 2940 minutes in emergency state);

- For atotal simulation duration of 5207 minutes across eight events, the emergency state in the
lowest FRR cases lasts 2940 minutes — giving a 56.4 % emergency duration;

- Violations remain limited to the alert state in the high FRR cases. 1332 minutes (out of a total
5207 minutes) of alert state are observed at the highest FRR, while the emergency state viola-
tions already occur 1572 minutes with an available FRR of 2000 MW.
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5.6.4.3 Upward — ramps

The observations for upwards ramp events, for 25m/s direct cut-off technology with no ramping rate limi-

tation, are as depicted in Figure 119.
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Figure 119 : Overview of cumulative violation durations in the case of upward ramping events

Observations:

o Violations with best market performance

The best market performance scenario is capable of sustaining the balancing needs even in the
low scenarios;

It is important to note that the upward ramping events are simulated without any mitigation
measures (ramping rate limitation) applied, and the fact that best market performance manages

to avoid any violation in ACE.

e Violations with worst market performance

The scenario with worst market performance scenario observes violation durations in ACE in both
alert and emergency states;

The violations observed are well correlated to the available FRR, with a maximum violation of 535
minutes (160 minutes of alert and 375 minutes of emergency) corresponding to the lowest FRR
scenario (1300 MW);

For a total simulation duration of 2194 minutes across eight events, the emergency state in the
lowest FRR scenario lasts 375 minutes — giving a 17 % emergency duration;

For a worst market performance, situations with high FRR observe violations as well. An alert
state for 227 minutes is observed for the highest sensitivity and while the next highest sensitivity
observes an alert (273 minutes) state and an emergency state (93 minutes);

These results confirm the need for mitigation measures to manage excess energy, such as ramp-

ing rate limitation and cut-in coordination.
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5.6.4.4 Downward — ramps

The observations for downwards ramp events, are as depicted in Figure 120.

2320

1820

MFRR reserves (MW)

1120

1320-

Best Scenario Worst Scenario

Best BRF Assumption and Warst BRP Assumption

System State
alert
B emergency

200 400 600 800 1000 0 200 400 600 800 1000

System State Duration (in min) System State Duration (in min)

Figure 120 : Overview of cumulative violation durations in the case of downward ramping events

Observations:

o Violations with best market performance

The downward ramping events observe violations (in both alert and emergency states) for lower
available reserve scenarios (case 1 and case 2) For a total simulation duration of 2548 minutes

corresponding to the simulation of eight events, a total violation of 470 minutes (369 minutes of

alert and 101 minutes of emergency) is observed — giving a 4% emergency duration.

Observing emergency in the best market performance further emphasize the need for mitigation

measures, even under best case market performance.

e Violations with worst market performance

The downward ramping events observe a large amount of violations in all the simulated FRR situ-
ations;

A maximum violation of 1137 minutes (251 minutes of alert and 886 minutes of emergency) cor-
responding to the least FRR cases;

For a total simulation duration of 2548 minutes across eight events, the emergency state in the
lowest flexibility lasts 886 minutes — giving a 34.6 % emergency duration;

Even in the highest FRR cases, violations are found to last.

The simulation also conveys that even with the highest flexibility the downward ramping events under

25m/s direct cut-off technology will experience emergency state violations in ACE (236 minutes). These

observations in general shed light on the need for new mitigation measures to manage unexpected short-

ages. This issue was not identified in the previous study (2020), as upward and downward ramps were

treated as a single event.
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5.6.5. Conclusions

In order to evaluate the possible impact of the newly projected installed capacity of 5.8 GW on real time
system operations, a set of eight events has been simulated for each scenario and sensitivity : (1) corre-
sponding to the type of event, i.e. storm and ramping events, (2) the specific part of the event, i.e. upward
(including storm cut-in events) and downward (including storm cut-out events), and (3) market conditions,

i.e. with best and worst market performance and available balancing energy bids situations.

- Amount of violations increases under worst and best case
assumptions compared to 4.4 GW despite better market performance
c assumed
% - No violations are observed anymore compared to 4.4 GW
T under best case assumptions (thanks to better market - Violations become also present in the best case
g— performance assumed)
= - Substantial increase of the violations in the worst case
4
This identifies a need for additional mitigation measures on top
- Frequency of violations increases under worst case of the recommendations in the MOG 2 system integration study
assumptions compared to 4.4 GW even during periods with high
flexibility available in the system
- Still no violations are observed under best case assumptions
% The results under worst case assumptions confirm the - Amm.mt of v.inlations under worst case assumptions
E. need for the recommended mitigation measures in the remains similar to 4.4 GW (due to increasing market performance)
< MOG 2 system integration stud s :
© Y 9 v The results under worst case assumptions confirm the need
for the proposed mitigation measures in the MOG 2 system
integration study

Figure 121: overview of conclusions for storm and ramp events

The analysis identified that when increasing the installed offshore wind power capacity to 5.8 GW, the vi-
olations differ from the MOG 2 system integration study in an expected manner: the new market perfor-
mance assumptions, generally better than in the previous study, are observed to counter the increased

offshore wind power capacity compared to the previous study (4.4 GW).

It is fair to say that neither the most pessimistic (worst case BRP reaction combined with lower FRR avail-
able flexibility) nor the most optimistic (best case BRP reaction combined with higher FRR available flexi-
bility) cases are the most likely scenarios: the reality will likely be somewhere in between the different
possible combinations depending on the BRP reaction, intraday and balancing market liquidity and speed
of market reaction. Nevertheless, the worst case scenario remains a very relevant scenario for Elia as a

safety net is required to balance the system if market performance would evolve to such scenarios.
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The most important insights of our simulations show that:

1)

2)

3)

For the storm cut-in and cut-out events,

under the best market performance assumptions, no violations are observed which is similar to
the MOG 2 system integration study. This can be attributed to the improved market performance
compensating the impact of the increased offshore capacity;

Increasing violations are observed under the worst case market assumptions even under the as-
sumption of higher market performance The duration of violations has increased, even in high

available FRR scenarios due to the increased installed offshore wind capacity.

For upward ramping events:

no violations are observed under the best market performance assumptions, similar to the MOG
2 system integration study. This can be attributed to the improved market performance compen-
sating the increased offshore capacity;

the number of violations under the worst market performance assumptions remain similar to the
previous study as well. The effect of increasing the offshore wind power capacity is offset by the

improvements in market performance.

For downward ramping events:

It is important to note that the upward and downward ramping events (at wind speeds not related
to storm events) are now investigated explicitly with different market performance for the upward
and downward directions;

under the best market performance assumptions, violations appear despite the improved market
performance. This unsatisfactory performance in the best market performance scenario can be
attributed to the fact that market performance assumptions remain similar as in the previous
study, which combined with increased installed offshore wind capacity;

under the worst market performance assumptions, the violations observed are substantially in-

creased compared to previous study.

In general, the results under worst market performance assumptions confirm the need for mitigation

measures presented in the MOG 2 system integration study. Based on the analysis of the results and

their sensitivities, it is found that the negative impact of the storm and ramping events can be avoided by

a combination of:

Increasing the balancing market performance or availability of FRR (in Belgium or abroad) and/or
Increasing the reaction speed for the activation of available FRR (by BRPs and/or Elia) and/or
Reducing the impact of wind power deviations at the source by implementing the mitigation

measures defined in the next section.
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In its MOG 2 system integration study published in 2020, Elia already recommended three mitigation

measures to manage the impact of storm and ramping events on system operations (Figure 122):

o enforce High Wind Speed capabilities on new offshore wind farms as a solution to limit the im-
pact of storms to the extent possible;

e impose Ramp rate limitations on new offshore wind farms to manage fast and unexpected up-
ward ramps during large excess system imbalances.

e extend the existing storm procedure with a measure for Preventive curtailment for new offshore

wind farms in case of inadequate market response and expected flexibility shortages.
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Figure 122: Overview of recommended mitigations measures for storm and ramping events

While these recommendations were drafted in a context of installing an additional 2.1 GW offshore wind
power in the system, this study updates the analyses in view of the renewed offshore ambition to in-
crease offshore wind power capacity with 3.5 GW towards 2030. This study needs to ensure that the sys-
tem will be able to cope with 5.8 GW offshore wind power, while taking into account the impact of new
evolutions concerning offshore grid topology (with hybrid interconnectors in a meshed HVDC network)
and the potential connection of the additional wind power in an Offshore Bidding Zone (for which the im-

pact is discussed in Section 5.8).

The proposed mitigation measures are based on four main principles. Firstly, Elia is responsible for
system security and all mitigations measures are designed to allow Elia to avoid system viola-
tions at any time. System simulations presented in Section 5.6 demonstrate the need for the mitigation
measures to avoid alert and emergency state situations under worst case market conditions. However,
during situations with good market performances, the mitigation measures will not be triggered. Because
the evolution of the market performance towards the future is uncertain, the mitigation measures are to

be seen as a safety net that can be triggered in case of bad market performance. For this reason, the
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technical capabilities to effectively implement these mitigation measures are to be ensured via the con-
nection requirements that will be communicated for the tender of the wind parks. The implementation of
the measures via procedures for activation will be implemented in the regulatory framework towards the

commissioning of the wind parks.

Secondly, the recommended mitigation measures are designed to give market players all opportu-
nities to self-manage the expected impact of storm and ramping events in the intraday, and up to the
balancing timeframe. By means of this market-first principle, the activation of the mitigation measures can
be avoided under good market performance. No operational costs will be incurred for society and the

wind parks under such situation.

Thirdly, the recommended mitigation measures are designed to be proportionate in contrast to alterna-
tive solutions based on procuring additional reserve capacity. They also ensure a fair allocation of the
costs to those parties responsible for these costs, in contrast to socialization towards all the grid users.
This allocation of these costs also needs to ensure appropriate incentives for involved market parties to

avoid the activation of the mitigation measures under the second principle.

Fourthly, Elia aims to provide as much visibility and transparency as possible towards the offshore
wind power tender by presenting the design principles of the mitigation measures to market parties. Nev-
ertheless, in contrast to the technical capabilities enforced via the connection requirements, the recom-
mended mechanisms will be subject to a regulatory approval process. This approval is foreseen in the
years ahead of the commissioning of the wind farms. System evolutions and discussions between the
regulator, Elia and market parties may therefore result in adjustments from the design proposed in this
document. This uncertainty is also the reason why Elia does not want to consider in this stage limits on

the potential activation of the measures.

Visibility and transparency will be maintained as well after the commissioning of the parks as the pro-
posed measures, as exceptional balancing measures are subject to reporting to the regulator. Elia does

not exclude improvements of the procedures based on return on experience.

In conclusion, the measures are in general well in line with the roles and responsibilities of TSOs (respon-
sible for system security) and market parties (responsible for balancing their positions). It allocates the
balancing costs to parties causing the operational risks which is according to Elia a healthy principle.
Monitoring is foreseen for situations where deviations from this principle could occur. When failing to self-
manage the problems, the measures are directed to the responsible BRP, or in some cases the grid user,
which can be contractually arranged between the grid user and BRP. Socialization of the costs via re-
serve procurement is considered as expensive and unfair. Elia also believes the regulatory framework
already allows the implementation of these measures via a modification the LFC Block Operational

Agreement, the T&C Scheduling Agent and the T&C Balancing Responsible Party.
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While the measures are targeting the new offshore wind parks, visibility and transparency on the
measures given in this document should allow market players to include them into their business case.
Elia clarifies that it if sees a need for technology specific requirements on other technologies (e.g. battery

storage), it will also develop appropriate proposals after discussions with stakeholders and regulator.

5.7.1.1 Measure

This mitigation measure intends to enforce technical minimum requirements on new wind turbines of wind
farms to maintain generation during high wind speeds. The capability will be enforced through the con-
nection requirements on new offshore wind turbines (Section 5.9). The measures require new offshore
wind turbines to maintain generation until wind speeds of at least 31 m/sec (representing the average
over a period of 10 minutes) and this after a gradual ramp down of the power output before full discon-
nection. The measure is based on the technical characteristics of HWS Deep power curves presented in
Section 5.3.3. Firstly, imposing a sufficiently high cut-out speed reduces the number of events, and
avoids system imbalances and system security violations, particularly during unpredicted events. Sec-
ondly, a gradual ramp down smooths the shut down profile during a storm event and reduce the impact of

power shortages during storm shut down wind speeds.

The Deep HWS curves are based on storm shut down technologies as they are already installed in the
latest of the commissioned offshore wind power plants in Belgium (while some of these parks can already
maintain the 31 m/sec for the 10 minute average time, some might still disconnect already after 30 sec-
onds average time). Based on discussions with turbine manufacturers in 2020 and 2022, and inputs re-
ceived from the Technical University of Denmark, and the fact that no fundamental remarks were re-
ceived from wind power manufacturers during the public consultation, these technologies are expected to

become a standard feature for offshore wind turbines.

It is to be noted that some market parties indicated during the Task Force of May 16, 2024 new concerns
on the ability of new turbines to fully comply with the HWS Deep capabilities. These new concerns were
the result of a better view on the commercially available turbines for the Princess Elisabeth Zone while
approaching the launch of the Tender. Based on information received by OEMs in June 2024, Elia con-
firms the above-mentioned assumptions but with some slight modification of the specifications for the
High Wind Speed connection to ensure that most manufacturers of turbines would be able comply, at
least on wind park level. Additional occurrences of shortages and excesses during and after storms will

need to be managed via preventive curtailment and ramp rate limitations.
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Elia will continue to follow up on the latest information on high wind speed capabilities of available off-
shore wind turbines on the market, up to the launch of the Tender, to ensure a reasonable trade-off be-
tween capabilities requested in the connection requirements for turbines on the market and the system

needs.

The technical requirement will require a power curve behavior as presented in Figure 123 which has to be
respected at turbine level:

1) to avoid a sudden cut-off before 31m/sec (for an averaging time of 10 minutes, or down to 5

minutes if properly justified by the turbine manufacturer);

2) asudden cut-off with an instantaneous reduction of the wind power injection from full capacity to

0 MW will not be accepted and a minimum slope of power decrease will be requested with :

a. gradual power decrease starting at an average wind speed at least 5 m/sec below the sud-

den cut-out average wind speed (2a);

b. gradual decrease of power must be guaranteed until a Nominal Power of at least 0.5 before
sudden cut-out occurs (2b).
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Figure 123: lllustration of the minimum requirements to be respected at turbine level for HWS mitigation
measures®

38 The Normalized Power from Figure 42 does not take include a possible “Boost function”. In other words, a turbine is considered to
deliver a normalized power of 1.00 without boost.
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In line with the original proposal in the system integration study, Elia will also provide specifications in the
connection requirements on the ability to withstand wind power variations (wind gusts) within the 10 mi-
nute average period considered above: it will only allow disconnection if wind speeds exceed above 34
m/sec average over 30 seconds and 38 m/sec average over 1 second according to the HWS Deep profile
put forward. However, following feedback received from the market, Elia will formulate the 30 second and
1 second requirements as ‘soft’ requirements, allowing to specify lower values when justified by the tech-

nical specifications given by the manufacturer.

Elia clarifies that it will not accept any deterioration of the above-mentioned capabilities following the im-
plementation of power boost functionalities (the ability of the wind turbine to deliver additional power dur-

ing short duration).

Following the request from offshore wind power developers, an alternative implementation will be facili-
tated by Elia where wind parks will be allowed demonstrate the requested capabilities on connection point
level. It has to be shown that the capabilities are equivalent to the implementation on turbine level. This
needs to be based on simulated extreme events (wind speed profiles) which need to show that Power
Output of the wind park is equivalent as if the measure was implemented on turbine level. The resulting
active power output injection profile shall not present worse behavior than the profile relying on capabili-

ties at turbine level (i.e. in term of imbalance toward the system) .

5.7.1.2 Justification

Impact on wind power variations

The analyses of DTU (cf. Section 8.3. in the DTU technical report) shows how the Deep HWS capabilities
can have a substantial effect on large downward ramping events during storm events compared to a di-
rect cut-off as from 25 m/sec. The analyses of the frequency of large ramping events during high wind
speeds days (maximum daily fleet-level wind speed above 20 m/s) in Table 31, Table 32 and Table 33 of

the DTU technical report show that:

¢ The maximum downward ramp in 5 minutes is reduced from 1.5 — 2.0 GW to 0.5 GW while

events happening more than once per year is reduced from 0.5 GW to 0.3 GW.

e The maximum downward ramp in 15 minutes is reduced from 3.0 - 3.5 GW to 1.5 GW while

events happening more than once per year is reduced from 2.0 GW to 0.5 GW

e The maximum downward ramp in 60 minutes is reduced from the full 5.8 GW to 3.5 GW while

events happening more than one event per year is reduced from 3.5 GW to 2.0 GW.

In contrast to the downward ramps, there are no positive effects associated to the upward ramp, which

are found to face a slight increase of largest ramps during the re-activation (cut-in) phase after the storm.
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This is largely outweighed by the benefits of the capability as it is far more difficult to manage downward
ramping compared to upward ramping events which can always be managed via downward activations

and ramping rate limitations.

Impact on system violations

The positive effects of the Deep HWS capabilities are demonstrated by means of Elia’s system simula-
tions. Figure 124 compares the amount of alert and emergency state system violations in minutes over 8
storms events for best and worst case market conditions, and different levels of available balancing en-
ergy bids in the system. It is to be noted that there are almost no violations3® observed under best case

market conditions, regardless of the chosen turbine technology.

e The HWS Moderate technology (with a cut-off wind speed of 28 m/sec) increases the total
amount of minutes in alert or emergency state compared with the HWS Deep technology with re-
spectively 30%, on average (average 23% for the emergency state and 36% for the alert state).

e The 25m/s Direct cut-off increases the total amount of minutes in alert or emergency state com-
pared with the HWS Deep technology and HWS Moderate technology with an average of respec-
tively 52% (average 31% for the emergency state and 68% for the alert state) and 17% (average

6% for the emergency state and 25% for the alert state).

% Limited to 5 minutes for scenario with lowest available flexibility in the system (not visible in Figure 124)
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Figure 124 : Overview and comparison of simulation results for storm events for 25m/s direct cut-off
(“DC”), HWS Deep (“Deep”) and HWS Moderate (“Moderate”) technology

When expressing the results in terms of number of violations it is shown that for the analyzed storm
events, the number of alert and emergency sate violations are decreased when comparing the HWS
Deep technology with the 25m/s direct cut-off or HWS moderate technology (Figure 125, left). Note that

the four occurrences with the 25 m/sec direct cut-off for the alert state relate to only 5 minute of violations.

Violation Count — Best case BRP reaction Violation Count — Worst case BRP reaction
Violation 25m/s HWS HWS Violation 25m/s HWS HWS
Class . Class .
Direct cut-off Moderate Deep Direct cut-off Moderate Deep
Alert 4 0 0 Alert 32 32 25
Emergency 0 0 0 Emergency 21 21 18

Figure 125 : Comparison of reported violation between “25m/s Direct cut-off”, “Moderate” and “Deep”
technology

The system simulations demonstrate that the HWS Deep technology is helpful in reducing emergency sit-

uations, particularly during:

e Worst case market behavior e.g. during unforecasted storm events

e Minimum availability of non-contracted mFRR balancing energy

Additional analyses also show that the biggest benefits compared to the direct cut-off are observed during

the beginning of the storm-cut out.
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However, the results also show that the obtained behavior is not sufficient to manage system violations
during worst case market conditions. The HWS Deep technology measure will needs to be comple-
mented with an additional mitigation measure as risk of emergency situations persist (the preventive cur-

tailment presented in Section 5.7.3 Preventive curtailment).

5.7.1.3 Financial impact

While the presented Deep HWS capabilities may imply an investment cost for wind power developers, the

requirements are reasonable in view of the benefits in terms of system operation:

e the market has already implemented compliant HWS Deep technologies in the existing farms and
the technology is expected to become a customary feature for turbine manufacturers;

e no objections were received by wind power sector (including technology providers participating in
the TF PEZ) on these technical capabilities towards 2029;

o the use of HWS technologies is already incentivized through Elia’s Grid Connection compliance
requirements as per the actual “Compliance Simulation Procedure Type D PPM” : “The PPM
owner shall propose mitigation measures against high wind speed conditions (> 25 m/sec) that
could result in large wind turbines infeed loss (for example wind turbines with 30 m/sec cut-off
setting or different cut-off settings above 25 m/sec). The mitigation measures can be tested

against a wind speed profile to be defined in agreement with Elia”.

While Elia recognizes the connection requirement might have an impact on the investment cost (which
can be accounted in the business case) , high wind speed capabilities allow to increase the operational
revenues by increasing generation of wind turbines during storm conditions (higher cut-out wind speed).
This is expected to reduce or even avoid lost generation during a storm event and result in a positive im-

pact on the revenues of the wind farms during operations.

5.7.2.1 Measure

This mitigation measure intends to limit the upward ramp rate of new offshore wind farms during elevated
positive imbalances in the Elia LFC block. It aims to mitigate the frequency and impact of excess power
following increasing wind speed conditions or re-activations (cut-in) after a storm by means of a simple,
automatic and transparent procedure compared to the manual cut-in coordination of existing wind parks.
The measure will be implemented via control capabilities specified in the connection requirements while

the operational procedure will be implemented via the regulatory framework (Section 5.9).
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With this measure, the LFC block imbalance will be continuously monitored by Elia. As shown in Figure
126, when the real-time LFC block imbalance would exceed a certain value (referred to as the RRL
threshold), an activation signal is sent to the wind park which will need to implement the upward ramp
rate limitation (RRL) within one minute after the signal was sent by Elia. Every time the real-time LFC

block imbalance falls below the RRL threshold, the wind farms will be free again to ramp up without limits.

Wind power generation
Maximum generation
(under wind speed
conditions)

Wind parks have to apply the |--------==--3 ‘
limitation within 1 minute

RRL_~
15MW/min = sum of the

power increase of all new
wind parks.

— Limitation proportional
to wind parks capacity

N N

Sl >500MW St > 500MW Limitation communicated

Limitation triggered M N via signal to wind parks

by the real-time SI S| <500MW Sl < 500MW

Figure 126 : lllustration of a wind power (fleet, park or turbine) cut-in after full cut-out

This trigger will be imposed on individual wind parks pro-rata to the installed capacity compared to the
newly installed offshore capacity. In view of the foreseen 3.5 GW, this means that a park of 350 MW
would face a limitation of 1.5 MW/min. By sending the signal directly to the grid user, it guarantees a
timely reaction. Note that sending the signal to the BRP level risks delaying the activation process (requir-
ing a reaction needed in one minute). Furthermore, the BRP framework is not conceived for intra-15’ re-
actions which would require measures (incl. pre-qualification, tests, ...). Secondly, sending the activation
signal to the BRP would result in additional complexities when allowing multiple BRPs per connection
point. In such cases, the signal would need to be re-allocated to several BRPs. Finally, under the fore-
seen conditions (with low to negative prices), market parties should not have incentives for portfolio man-

agement, i.e. to allocate the measure to alternative assets.

This measure can be activated during storms as well as normal wind speeds (non-storm conditions), i.e.
during large LFC block imbalances during fast wind speed variations (on the exponential part of the wind
power curve). For storms, Elia will transparently and automatically approve the cut-in of power of the wind
park via intraday program change requests (IDPCRs) which will remain subject to the imposed ramp rate
limitation. Existing farms, subject to the current cut-in coordination, will be able to choose to remain sub-

ject to the current mechanism (and its foreseen evolutions), or the ramp rate limitation.
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@ Existing cut-in coordination®

Today, a requirement on cut-in coordination for existing offshore wind farms is already implemented in

the Terms and Conditions Scheduling Agent and T&C Outage Planning Agent and is in line with Arti-
cle 131 of the Code of Conduct.

Under this mechanism, when a storm event has ended, the Scheduling Agent Offshore Power Park
Module requests the approval to cut-in by sending an IDPCR. Elia manually approves the IDPCR and

coordinates the cut-in phase for each wind park individually.

Currently it still remains feasible for Elia to apply this on a case-by-case basis and this process rarely
resulted in limitations of the wind farms. Nevertheless, this process needs to be automatized towards
the commissioning of new wind farms following the increased complexity of managing additional wind

farms.

In addition, market parties also request clear parameters and guarantees, particularly:

= Clear and transparent framework around cut-in coordination;

= No undue delay and a maximum duration of the cut-in;

= Non-discriminatory process between wind farms;

= Existing farms shouldn’t be impacted by new wind farms rules;

= Take into account the available technical functionalities.

While the recommended ramp rate limitation is in line with these principles, not all existing farms are
capable to react based on real-time signals. For the latter, the alternative solution proposed by Elia as
“Automatic Cut-in Coordination” is to automatically approve the IDPCRs of existing farms while impos-
ing a linear ramping profile (or equivalent) in a pre-defined period of around 1 hour after request to
come back via the Scheduling Agent. Alternatively, for existing offshore wind farms able to react on
real-time signals, the Ramping Rate limitation proposed to new farms can be applied instead of

the automatic cut-in coordination.

40 Elia clarifies that the cut in coordination should not be considered as re-dispatching under Article 13 of EU regulation 2019/943.
During the cut-in after a storm, the scheduling agent requests Elia to change its program (via the IDPCR process), after which Elia
has the right to accept or decline this in view of its assessment on system security. When the request is declined by Elia, this should
consequently not be considered as re-dispatching as there is no deviation from the original ‘programmed’ position. This measure is
implemented in the Terms and Conditions Scheduling Agent and T&C Outage Planning Agent and is in line with Article 131 of the
Code of Conduct.
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Elia also reminds that the existing parks will be allowed to migrate to the ramp rate limitations on vol-
untary basis, which will then replace the existing cut-in coordination. In this mechanism, the ramp rate
limitation (or curtailment) will only be activated when the system imbalance exceeds a certain thresh-

old.

Currently, the best setting of RRL and the RRL threshold is found to be respectively 15 MW/min and a
system imbalance of 500 MW. As further discussed in Section 5.7.2.2, these parameters allow to solve
most of the upward ramping violations, while limiting the impact on the capacity factor and giving an op-
portunity to the market to react to high imbalance prices before imposing a restriction. These parameters
are foreseen to be specified in the LFC block operational agreements after consultation, and regulatory

approval.

The ramping rate limitation would be imposed in line with SOGL Article 137(4)(a):

“All TSOs of an LFC block shall have the right to determine in the LFC block operational agree-
ment the following measures to support the fulfilment of the FRCE target #!parameter of the LFC
block and to alleviate deterministic frequency deviations, taking into account the technological re-

strictions of power generating modules and demand units:

(a) obligations on ramping periods and/or maximum ramping rates for power generating modules

and/or demand units; ...”

Note that the ramping limitation is also foreseen in the European Network Code establishing Require-
ments for Grid connection of Generators (RfG NC). The provision is covered in Article 15(6)(e) and Article
28 covering General system management requirements applicable to AC-connected offshore power park
modules. According to RfG, ramping limitation provisions can be asserted by a relevant System Operator
in coordination with the relevant TSO to fix maximum limits on rates of change of active power output.
The limits would take into consideration the nature of the prime energy mover (e.g., ramping down con-
straints are not possible in case of wind production for example). This is implemented at national level as

per the provisions of the Article 114 of the Belgian Federal Grid Code.

5.7.2.2 Justification

An important assumption when determining the design of the measure are the assumptions on:

¢ RRL threshold: the LFC block imbalance level which triggers the ramp rate limitation sent by Elia;

4 FRCE is equal to the ACE of an LFC Area
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e RRL: the value of the limitation expressed in MW / minute and to be understood as the sum of the

allowed power increase of all wind farms falling under the mechanism.

When dimensioning these parameters, a trade-off is searched between solving the violations identified
and limiting the impact on the production of the wind farms. Elia’s ambition is to be able to eliminate all
potential violations. However, as ramping rate limitations are only applied in the first place on new farms,
the ramping rate limitation that would have to be imposed on these new farms to be able to solve all sim-
ulated violations solely with this mitigation measure is not proportionate to the risk caused by these new

farms.

Simulations in the MOG 2 system integration study calibrated these parameters at a System Imbalance of
500 MW (RRL threshold) and 15 MW / min (RRL):

e Simulations of the RRL threshold between 300 MW and 500 MW have shown that no significant
improvement on the system violations is incurred with a threshold of 300 MW. For this reason, it
has been chosen to keep the target value of 500 MW. Even while some violations remain, it is
difficult to justify a threshold lower than 300 MW to maintain a reasonably low activation fre-
quency of the measure;

e Simulations on the RRL between 15 MW / min and 25 MW /min have shown that a limit of 15
MW / min still maintains some system violations, hence a higher RRL was not considered.

Figure 127 represents the impact of the ramping rate limitation of 15MW/min with an activation threshold
of 500 MW, expressed in cumulative duration of violations. The figure only shows the result for the worst
case market performance scenario as the best case market performance does not show any violations,
even without the mitigation measure. It is shown in this figure how all violations can be mitigated during
periods with available reserves while emergency state violations can almost be entirely mitigated under

periods with low available balancing energy bids.
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Figure 127 : Overview of duration of violations over eight simulations per scenario (market performance
and available mFRR) for upward ramping events with (up) and without (down) a ramping rate limitation of
15MW/min triggered by a S| of 500MW

Figure 127 and Figure 128 demonstrate the effect of the recommended ramp rate limitation (with RRL at
15 MW/min and the RRL Threshold at 500 MW) in terms of duration and frequency of system violations. It
is to be noted that in these simulation, the ramping rate limitation was only implemented for the additional
3.5GW offshore wind capacity. No cut-in coordination was considered for the 2.3GW of existing capacity.
Results show that the Ramping rate limitation measure does not just shortens the time spent in alert or

emergency state but also reduces the number of events for which a violation is noticed.

Violation Count — BRP Optimistic scenario Violation Count — BRP Pessimistic scenario

Violation Without ramping | With ramping rate Violation Without ramping | With ramping rate
e rate limitation limitation 4 rate limitation limitation

Alert 0 0 Alert 20 3

Emergency 0 0 Emergency 11 1

Figure 128 : Comparison of reported violation observed without Ramping Rate Limitation and with Ramp-
ing Rate limitation of 15MW/min triggered by a S| of 500 MW

Ramping rate limitations should only be applied when it is strictly needed to guarantee system security.
When the market properly forecast and compensate the occurrence of an increase in offshore wind pro-

duction, the ramping rate limitation should not be triggered.
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For this reason, the trigger is designed on the LFC block imbalance (and not on the PEZ area) which al-
lows to net potential offshore excess imbalances with onshore shortages before activating the measure.
This reduces the expected amount of activations of the measure. Once triggered, it is valid for all offshore

wind farms in the PEZ.

However, such design also creates the possibility of triggering the measure following onshore excess im-
balances, even when the offshore wind parks are not contributing to the imbalance. This undesirable situ-
ation is the counter-side of accounting netting between the onshore and offshore areas within the LFC
block. Elia does not see alternative solutions which do not substantially increase complexity and reduce
transparency of the measure. On request of the market, Elia investigated alternative solutions based on
triggering the measure on the PEZ imbalance, or the Area Control Error but foresees to maintain the de-
sign of the trigger as initially proposed. However, Elia will monitor the implementation of the measure to
assess the frequency and impact of this undesired situation. Elia will consider reviewing the approach if
the current design leads to severe negative effects. As explained in the next section, Elia foresees a lim-

ited financial impact of the measure as explained in the next section.

5.7.2.3 Financial Impact

The activation of the ramp rate limitations in the balancing timeframe mitigates the injection of energy of
the wind farms. While this does neither impact the day-ahead nor the intraday market revenues, this will
reduce potential balancing revenues (or increase balancing costs) when the imbalance price would re-
main positive. However, as this measure is only expected during large positive LFC block imbalances
(representing large excess power in the system), imbalance prices are typically low during such periods,
and can even be zero or negative. In such case, the impact on these lost revenues are expected to be

limited, and may even result in a financial gain during negative price period.

When the wind farms are subject to a capability-based contract-for-difference, there is no financial impact
on the revenues generated by the compensation mechanism as the capability-based nature determines
the level of the compensation on the potential injection and not on the physical injection. Under such sub-
sidy scheme the financial impact of the activation should remain limited to the balancing cost as specified
in the previous paragraph. Also under a Power Purchasing Agreement, the financial impact should re-
main limited to the balancing costs as there is no subsidy revenue which can be impacted by the activa-
tion. The balancing costs will be allocated to the wind park or the purchasing party depending on the con-

tractual agreement between them.

Note that in a well-functioning balancing market, the imbalance price gives a signal to market parties to
sustain excess injection as long as the downward flexibility in the system can cope with these injections.
Under such conditions, positive imbalance prices incentivize to maintain injections. On the other hand,

during downward flexibility shortages, prices become zero to negative, incentivizing market parties to
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cease injections. Under normal conditions, such reaction from market parties will avoid large positive LFC
block imbalances and avoid triggering the ramp rate limitations. Nevertheless, the measure is needed as

safety net as it remains possible that market players are not able to recover their position quickly enough

to avoid activation e.qg. following fast variations which could prevent the market parties to immediately re-

cover its position. Nevertheless, the ramp rate limitation will be de-activated as soon as the market reacts
and the LFC block imbalance return below the threshold.

Finally, the results in Section 5.4 demonstrate that large upward ramping events which are more suscep-
tible to lead to high positive imbalances, do not happen at very high frequency. In view of all elements
raised above, the financial implications of the ramp rate limitation on the business case are expected to
remain limited. The activation of the measure is expected to remain low in occurrence and in financial
cost. Also note that financial risks perceived by the market can be factored in the strike price of the com-
pensation mechanism. Finally, compensation of the mechanisms may harm incentives of BRPs to self-

manage storm and ramping events.

It is to be kept in mind that the presented design is a proposal of Elia and should finally be approved by
CREG. Elia sees the mechanism it in the scope of the LFC BOA (with the possibility to specify ramping
limits and exceptional balancing measures) in line with SO Regulation (Article 119), for which activations

procedures are implemented via the T&C scheduling Agent42.

5.7.3.1 Measure

This mitigation measure allows to preventively curtail wind power after forecasted storm or downward
ramping event. The preventive curtailment of the injections of wind farms in the Princess Elisabeth Zone
will be communicated during the intraday timeframe. This measure incentivizes the affected BRPs to
source the energy to be curtailed on the intraday market to cover their day-ahead positions and avoid the
expected imbalances caused by the storm or ramp events. The measure anticipates downward variations
of wind power and therefore avoids imbalance shortages resulting in system violations. Note that the
measure will only be applied when market players are not adequately covering the identified balancing

risks and if Elia identifies insufficient reserve capacity in the system.

42 The ramp rate limitation is therefore not considered to be a re-dispatching measures and fall outside the scope of Article 13 of the
Internal Market for Electricity (2019/943).
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The trigger to preventively curtail wind farms will be based on the Elia’s current storm procedure (Figure
129), currently approved via Elia’s LFC block operational agreement (exhausted reserve procedure) and

the Terms and Conditions BRP (storm procedure). This procedure will be based on three steps:

¢ In a first step, the forecast of a storm by Elia (based on its weather-based forecast tools*3) will
trigger the storm procedure. This will result in sending a storm alert which will be communicated
to the market parties;

e In a second step, market parties will communicate to Elia the actions undertaken to manage the
storm risk in their portfolio. Based on the interaction with Elia, the remaining shortage risk will be
identified by Elia;

¢ In athird step, Elia will assess the remaining shortage risk in terms of reserve capacity in the sys-
tem by means by means of available contracted and non-contracted balancing energy bids. If po-

tential shortage risks are identified, Elia will fall back on the exhausted reserve procedure.

Activation of additional
flexibility via activation
slow-start units

Communicates intra-day
measures taken to mitigate
impacton portfolio

alertsand
communicate
with BRD

Storm
forecasts

procedure

AS-IS storm

Figure 129 : Representation of the existing storm procedure

In the current fallback mechanism, Elia instructs the start of units with a slower start up time, typically of a
few hours (currently conventional gas-fired power plants but a technology neutral framework will be put in
place as from 2024 to allow participation of other technologies) to run a minimal power to deliver upward
flexibility to the system to cover potential energy shortages during the storm. The trigger of this excep-
tional balancing measure (also referred to as the exhausted reserve procedure) is specified in the LFC

block operational agreement while the activation procedures for selected units are specified in the Terms

and Conditions BRP.

This existing fallback measure is recommended to be complemented with the mitigation measure to pre-
ventively curtail injections of new offshore wind farms in the Princess Elisabeth Zone. If the expected

shortage risk cannot be managed by actions of the BRPs affected by the storm, or by Elia’s reserve ca-

43 The wind power storm forecast is based on weather forecasts and technical assumptions on the wind power park, as well the
available capacity of the fleet. It does not account implicit (reaction of the market to price signals) or explicit balancing actions (re-
serve activations by Elia), not congestion limitations although it takes into account limitations based on temporal unavailability of the
fleet (cf. connection limitations following maintenance of the connection cables). The publications of the observed wind power gen-
eration on the Elia website indicate whether wind power have been reduced in real time following the activation of decremental bids
on wind farms. Relevant changes to the method and assumptions will be discussed in the Working Group Balancing.
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pacity, or by creating additional flexibility through the activation of additional slow start units, the addi-
tional shortage risk will be managed by Elia via preventive curtailment communicated to offshore BRPs
the intraday timeframe. The curtailed volumes will be allocated to the affected BRPs pro rata to their con-
tribution in the total shortage risk. BRPs which show to cover the imbalance risk during the storm or ramp-
ing events are not impacted by the measure. A security margin on the starting and ending time of curtail-
ment will be considered to cover cases where storm or ramping events occur earlier or later than fore-

casted.

As the wind power generation curtailment is imposed in advance and the BRPs will therefore need to
cover for this curtailed energy via the intraday market, the storm will not result in an imbalance shortage
and avoid depleting Elia’s balancing energy. Indeed, Elia expected that the intraday market will offer more
liquidity than the balancing market due to the longer lead time to real time. This gives additional time for
the market to activate flexibility: in the intraday time frame, units with start-up times can still be dis-

patched, in contrast to the balancing time frame.

While the current exhausted reserve procedure is currently only put in place for storm events, the trigger
is recommended to be extended for downward ramping events. The success of the measure for this type
of events nevertheless depends on the feasibility of accurate forecast of such ramping events and uncer-
tainty still exists if the measure can adequately cover ramping events. It is therefore not excluded that the
limited predictability may require complementary solutions such as for instance the procurement of addi-

tional upward balancing capacity.

5.7.3.2 Justification

While storm events are not explicitly excluded from reserve dimensioning, accounted as such in the train-
ing of the dynamic dimensioning algorithms, these do not have a substantial effect on the dimensioning
as the reserve dimensioning methodology aims to cover only 99% of the system imbalance risk (method-
ology approved by CREG based on legal minimum criteria). Predicted and unpredicted storms might in
theory be recognized by the algorithm but do not seem to indicate substantially higher system imbalance
risks. However, Elia’s system simulations show that the measure is needed to deal with storm cut-out

events and downward ramping events as shown in Section 5.6.4.2 and Section 5.6.4.4.

Section 5.6.4.2 shows that storm cut-out events create many violations. Part of those violations are man-
aged via the High Wind Speed deep mitigation measure. However, as demonstrated in section 5.7.1, this
mitigation measure does not suffice to resolve all violations and the preventive curtailment measure is

needed to deal with such situations.
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Moreover, in Section 5.6.4.4, it was shown that downward ramping events during wind speeds which are
not related to storms also create a significant number of violations. No other measure is currently in place
or foreseen to manage those violations. The extension of the preventive curtailment measure is thus
needed to mitigate the effect of those downward ramping event provided that a reliable forecast of such

events can be developed.

5.7.3.3 Financial impact

The activation of the measure results in a communication in the intraday timeframe in which the wind
power injection will be announced to be curtailed in real time to anticipate unmanaged downward varia-
tions of wind power (following storm or other weather-related variations). The measure will only be trig-

gered when BRPs are not adequately covering identified balancing risks.

The mechanism, when activated, will create a shortage in the portfolio of the BRPs subject to the meas-
ure, i.e. those BRP having an uncovered imbalance risk in their portfolio. This will incentivize these BRPs
to buy energy in the intraday market to avoid the shortage in their portfolio in real-time. As the mechanism
is foreseen to be communicated during the intraday timeframe, there is no impact on the day-ahead mar-
ket revenues. However, there is an impact in the intraday market cost as the involved market parties will
need to buy additional energy. On the other hand, the activation avoids a shortage position in real-time
and will avoid these balancing costs. In case of a perfect forecast and trigger, the cost will correspond
with the spread between the intraday and imbalance prices. Note that this can even result in a revenue as
it is possible that the imbalance price is higher than the intraday market price. In case of an imperfect

forecast and trigger (false trigger), the cost will correspond entirely to the intraday market costs.

Wrong forecasts of storm or ramp events by Elia may however result in an undesired cost for market par-
ties. Similarly to the current storm procedure, the forecast triggers first a coordination phase with BRPs.
During such coordination, Elia takes into account all mitigations measures taken by the BRPs. Structural
deviations between the Elia and BRP forecast will trigger ex post investigations to improve Elia’s fore-
casts. However, despite Elia’s best efforts, forecasts will never be perfect and such wrongforecast would
indeed trigger the mechanism (after accounting mitigation measures of BRPs, the expected balancing en-
ergy bids in the system, and the activation of the slow-start units). This may cause a cost for the affected
market parties. Note that part of the intraday procurement costs can be compensated by additional bal-

ancing revenues (during positive prices).
While storm forecasts are fairly reliable, this is not yet the case for ramp events. Nevertheless, the condi-

tion to apply this measure on (non storm) ramp events is to have reliable forecasts by 2029. Without such

forecasts, complementary or other measures will be considered (such as reserve capacity procurement).
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Similarly to the ramp rate limitation, there is no direct financial impact of the activation of the preventive
curtailment on the compensations received though the CfD, when the candidate wind parks are consider-
ing it. Indeed, curtailed volumes are not accounted due to the capability-based feature of the mechanism,
determining the compensation based on the potential generation (without curtailment). Consequently, the
activation of the measure remains limited to the balancing costs as specified in the previous paragraphs.
The expected balancing cost can be accounted in the business case and the requested support under the
CfD. Also under a Power Purchasing Agreement, the financial impact will remain limited to the balancing
costs as there is no subsidy revenue impacted by the activation. The balancing costs will be allocated to

the wind park or the purchasing party depending on their contractual agreements.

Note that in a well-functioning balancing market, the intraday and imbalance price gives a signal to mar-
ket parties to anticipate a storm or downward ramping event. Under such conditions, positive imbalance
prices incentivize to avoid shortages to the extent possible. If after a storm trigger, it would result that
market parties have taken sufficient measure to manage the imbalance risk, the preventive curtailment
will not be triggered. If the mechanism is triggered, it will only affect the wind power plants with uncovered
imbalance risks. Finally, during situations with lots of flexibility by means of balancing energy bids in the

system, the measure will not be activated.

It is also important to note that expected observations following storms remain relatively rare. Based on
2020-22 observations, it is limited to 4 storms a year of, lasting on average 13 hours, meaning an aver-
age impact of only 52 hours per year. As explained above, the market reaction is expected to further re-

duce the frequency of triggering preventive curtailment.

Large downward ramping events may happen more frequently (downward ramping of 2.0 GW may hap-
pen around 10 days per year) but happen with shorter duration (around two hours). Market reaction is ex-
pected to further reduce the frequency of triggering preventive curtailment. As mentioned above, the ef-
fectiveness of this measure to cover system violations depends on future predictability of ramping events

and a failure to develop accurate forecast might result in a need for additional measures.

In view of all elements raised above, the financial implications of the preventive curtailment on the busi-
ness case are expected to remain limited. The activation of the measure is expected to remain low in oc-
currence and in financial cost. Similarly to the ramp rate limitation, the financial risks perceived by the
market can be factored in the strike price of the compensation mechanism if no carve out is considered.
Finally, compensation of the mechanisms may harm incentives of BRPs to self-manage storm and ramp-

ing events.
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Note that Elia does not recommend to limit the amount of activations of the mitigation measures as it is
impossible to obtain full certainty on future system evolutions. An activation limit would undermine the ob-
jective of the mitigation measures to create a safety net for worst case market conditions.

Also here, it is to be kept in mind that the presented design is a proposal of Elia and should finally be ap-
proved by CREG. Elia sees the mechanism it in the scope of the LFC BOA (with the possibility to specify
exceptional balancing measures) in line with SO Regulation (Article 119), for which activations proce-

dures are implemented via the T&C BRP#4,

Section 4 of this consultation document explains that an offshore bidding zone and a hybrid interconnec-
tion configuration should be considered for the new offshore wind farms of the Princess Elisabeth Zone
connected to the DC system Princess Elisabeth Zone. This section investigates the potential implica-
tions of these evolutions for the balancing timeframe in general, and the impact on the mitigation
measures for storm and ramping events in specific. While the second objective needs to ensure ro-
bust technical requirements for new offshore wind parks, which are valid for any grid or market context,
the first objective aims to provide stakeholders as much visibility as possible on the future market design

in view of preparing their offers for the offshore wind power tender.

Firstly, it has to be stressed that this topic remains new in the electricity sector and lacks best practice ex-
amples while literature on the subject remains limited to high level discussions on operational implications
of offshore bidding zones“*>. Secondly, it has to be kept in mind that the legal framework has initially not
been conceived for a context with such bidding zones, connecting mainly generation capacity and little to
no offtake. Thirdly, there remains uncertainty on the final grid topology as well as the capacity of wind
power which will be connected to the offshore bidding zone. It is therefore the ambition of this text to put
forward a robust balancing market design, of which the principles remain valid for any possible scenario.

In order to conduct this analysis, several questions need to be answered: (1) how will reserves be acti-
vated in an offshore bidding zone, (2) how will the dimensioning of reserves be conducted, and (3) what

will be the impact on the activation of the proposed mitigation measures. It has to be taken into account

4 The preventive curtailment is therefore not considered to be a re-dispatching measures and fall outside the scope of Article 13 of
the Internal Market for Electricity (2019/943).
4 A few papers were published recently:

North Sea Wind Power Hub “Balancing of offshore energy hubs”, November 2023

Energinet.dk “Dimensioning of reserves and balancing of Danish Energy Islands”, October 2023
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that an offshore bidding zone is not a regular bidding zone in terms of balancing as it is characterized with
high forecast risks due to the large concentration of variable generation while facing no flexibility other
than the downward flexibility delivered by the wind power itself, at least when assuming no other demand,
storage, or generation technologies in the offshore bidding zone.

Article 6(6) of the Regulation (EU) 2019/943 of 23 November 2017 establishing a guideline on electricity
balancing (hereafter referred to as EB Regulation) stipulates that each imbalance price area shall be
equal to a bidding zone, except in the case of a central dispatching model where an imbalance price area
may constitute a part of a bidding zone.

e According to Article 2(65) of the Regulation (EU) 2019/943 of 5 June 2019 on the internal market
for electricity (hereafter referred to as CEP Regulation) a ‘bidding zone’ means the largest geo-
graphical area within which market participants are able to exchange energy without capacity al-
location.

e According to Article 2(13) of the EB Regulation an ‘imbalance price area’ is the area for the calcu-
lation of an imbalance price.

e According to Article 2(18) of the EB Regulation a ‘central dispatching model’ is a scheduling and
dispatching model where the generation schedules and consumption schedules as well as dis-
patching of power generating facilities and demand facilities, in reference to dispatchable facili-
ties, are determined by a Transmission System Operator (TSO) within the integrated scheduling
process. In contrast, according to Article 2(17) of the EB Regulation, a ‘self-dispatching model’ is
a scheduling and dispatching model where the generation schedules and consumption schedules
as well as dispatching of power generating facilities and demand facilities are determined by the
scheduling agents of those facilities.

As the Belgium system is a self-dispatching model, it is thus concluded that the implementation of an off-
shore bidding zone in Belgium legally requires a separate offshore imbalance price area. Note that the
geographical scope of the imbalance price area can be considered equal to the imbalance area, defined

by Article 2(11) of the EB Regulation as the area in which an imbalance is calculated.

According to Article 54(2) of the EB Regulation, in a self-dispatching model, the geographical scope of an
imbalance area is also equal to the scheduling area specified in Article 3 of the Commission Regulation
(EU) 2017/1485 of 2 August 2017 establishing a guideline on electricity transmission system operation
(hereafter referred to as SO Regulation). A scheduling area is specified as an area within which the
TSOs' obligations regarding scheduling apply due to operational or organizational needs. Article 110(2) of

the SO Regulation specifies that where a control area covers several bidding zones, the geographical
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scope of the scheduling area is equal to the bidding zone. A control area is also defined in CEP Regula-
tion Article 2(67) as a coherent part of the interconnected system, operated by a single system operator
and including connected physical loads and/or generation units if any.

Figure 130 shows a graphical overview of these definitions. It allows to conclude that the Elia control
area, when containing the onshore and offshore bidding zone, will also need to contain a separate off-
shore imbalance area, imbalance price area and scheduling area. This is also in line with the spirit of the
creation of bidding zones, where energy prices account for the transmission capacity between these
zones and reduce the need for internal re-dispatching.

Imbalance price area (EU Regulations) Load-Frequency Control structure (SAFA*)

Article 2(2) of CEP Regulation : largest geographical area
within which market participants are able to exchange o
energy without capacity allocation Synchronous The Synchronous Area has the obligation to i_ulﬁl
the frequency quality target parameters by using
area the frequency containment process
= Article 110(2) ofthe SO Article 6(6) of the EB
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LFC b|OCk dimensioning of frequency restoration reserve
EBGLAT. 54(2) (FRR) and replacement reserves (RR)
Scheduling Imbalance Imbalance
Al A Pri A A LFC Area has the additional obligation to
rea rea rice Area LFC Area fulfil the frequency restoration quality target
parameters by using the frequency restoration
Article 3 of SO Regulation : area  Article 2 of EB Regulation: area  Article 2 of EB process
within which the TSOs' in which an imbalance is Regulation :a rea for
obligations regarding scheduling calculated the calculation of an
apply due to operational or imbalance price” M . . A Monit Area has the obligation t
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*Synchronous Area Framework Agresment— Section B-6-1

Figure 130 : Graphical overview on legal specifications on market and system structure

Unfortunately, the legal framework does not make an explicit link with the Frequency restoration process
and the related Load Frequency Structure specified in the SO Regulation determining the activation of
FRR reserve capacity. The activation of reserves is a responsibility of the LFC Area (or ‘load-frequency
control area’) and is defined in SO Regulation Article 2(12) as a part of a synchronous area or an entire
synchronous area, physically demarcated by points of measurement at interconnectors to other LFC ar-
eas, operated by one or more TSOs fulfilling the obligations of load-frequency control. The LFC structure

in Europe is further described in the Synchronous Area Operational Agreement (B-6-1-1). Note that:
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o ‘Load-frequency control block’ or ‘LFC block’ defined in Article 2(18) refers to a part of a synchronous
area or an entire synchronous area, physically demarcated by points of measurement at interconnect-
ors to other LFC blocks, consisting of one or more LFC areas, operated by one or more TSOs fulfilling
the obligations of load-frequency control;

e ‘Synchronous area’ defined in Article 2 of Commission Regulation (EU) 2016/631 of 14 April 2016
establishing a network code on requirements for grid connection of generators refers to an area cov-
ered by synchronously interconnected TSOs, such as the synchronous areas of Continental Europe,
Great Britain, Ireland-Northern Ireland and Nordic and the power systems of Lithuania, Latvia and Es-

tonia, together referred to as ‘Baltic’ which are part of a wider synchronous area.

As approved in the latest version of the LFC block for the Synchronous Area Continental Europe, the Elia
LFC Area currently equals the Elia LFC block being part of the Continental Europe Synchronous Zone.

As the LFC Area has the obligation to fulfil the Frequency Restoration Control Error Target Parameters by
using the Frequency Restoration Process (FRP), a separate imbalance area in the framework of an
offshore bidding zone in Belgium needs to be established via a separate Frequency restoration
process subject to an LFC Area. Indeed, it will be difficult to create efficient price signals if these do not

follow separate activation signals (demand) and balancing energy offers (supply).

In practice, this means the Belgian offshore bidding zone will be characterized by separate offshore im-
balance price area and offshore LFC Area, with separate activations of FRR reserve capacity through the
EU balancing energy platforms Mari (for mFRR) and Picasso (for aFRR). Such approach is consistent
with existing practices where, for instance in Germany, each of the LFC Areas has a separate activation
process, with separate activation and offered balancing energy orders in the balancing energy platforms
Mari and Picasso“6. Note that according to the split node operation the scope of the offshore bidding
zone, offshore imbalance price area and offshore LFC Area will all correspond to the wind parks con-

nected to the DC system of the Princess Elisabeth Zone (Lot 3).

It can already be noted that the current Elia LFC block can be maintained, overarching the onshore and
offshore LFC Areas. Also here, Germany can be seen as a practical example where the dimensioning of
reserve capacity is conducted on LFC block level, overarching the four LFC Areas. Alternatively, creating

separate LFC bocks which separates the onshore and offshore dimensioning is found to result in several

46 Elia is expected to be connected to Mari and Picasso at the time of commissioning of the wind parks in Lot 3
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legal constraints and methodological complexities while not creating any economic or operational value.

This will be demonstrated in the Section 5.8.3 on reserve dimensioning.

The implication of operating a separate LFC Area is distinguished in this report as the real time opera-
tional timeframe, which is about the (milli-)seconds reactions and balancing market timeframe, where the

market has the time to react to activation signals or to prices.

5.8.2.1 Real time operational timeframe

The HVDC technology contains features and challenges, independent from the market set-up, which are
important to understand before discussing the balancing timeframe. Maintaining an instantaneous bal-
ance between the injection and offtake is of utmost importance on the HVYDC converter as it directly im-
pacts the DC voltage stability and the safe operation of assets. This is even more stringent than in an AC
system due to the lack of inertia. The HVDC controller, being the interface between DC and AC grid, will
be adjusting automatically to maintain the voltage stability in the HVYDC system, and this by exchanging

energy with the connected AC system.

In the target grid (Figure 131), this can be conducted by means of a joint operation of the different HYDC
controllers:

¢ The Belgian master controller will balance the HVDC system by means of managing the injection
and offtake through the convertor from the offshore HVDC system to the Continental Europe Syn-
chronous area. As the Princess Elisabeth Island and its connection to shore is part of the Elia grid
and thus operated by Elia, voltage deviations are to be managed in first instance through this

master controller with Belgium#7;

e The convertors with UK and the Danish system (DK1, or an offshore bidding zone on the Danish
side given the perspective of a hybrid set-up on the Danish end, may also contribute to balancing
the HVDC system by means of managing injection and offtake with the UK or the Continental Eu-
rope Synchronous area via Denmark (DK1). Note that such behavior requires specific operational

and or balancing agreements with these regions.

47 The PEZ, and the offshore grid in Belgian territory waters, falls under Elia’s balancing responsibilities. It is for this reason it as-
sumes the master controller with Belgium will ensure to deliver this responsibility.
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It is Elia’s ambition to develop such operational and balancing agreements with the connected regions in
view of optimizing the cost of operations and balancing. It will be shown in the next sections that the ben-
efits of the offshore bidding zone in the balancing time frame depends largely on the membership of the
connected regions to the balancing energy platforms. While such balancing cooperations are expected to
exist with Denmark (via the EU balancing energy platforms Mari and Picasso), this is not the case with
the United Kingdom. Elia currently only holds a balancing agreement under the form of reserve sharing
with UK. It is therefore Elia’s ambition to have a sort of balancing energy cooperation with UK, and other
regions connected to the PEZ. Elia will launch the discussions on operational and balancing agreements
with relevant parties towards the implementation of the hybrid interconnector, also depending on the evo-

lution of the political context between EU and UK.
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Figure 131 : Visual representation of multi-terminal DC control

Figure 132 illustrates the operation of a hybrid HVYDC system in a split node topology (without connection
between the offshore DC and AC system). Assume in first instance a shortage of generation where an
unexpected reduction of the wind power infeed occurs (a). The HVDC system will react instantaneously

to maintain DC voltage stability and balance within few milliseconds (b) by:

e reducing injection to Belgium when importing to Belgium from the island;

¢ increasing offtake from Belgium when exporting from Belgium to the island.
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Figure 132 : lllustrative example of real-time operational management of a hybrid offshore HVDC system

This reaction will create a shortage of energy and hence a frequency deviation in continental Europe
which will be compensated in the synchronous area via FCR (c). As mentioned above, it is however not
excluded that the operations can be optimized by means of operational or balancing agreements with UK

and Denmark (point d):

¢ increase off-take from (or reduce injection to) UK, if cheaper balancing energy and network ca-
pacity is available (to be compensated in in the UK synchronous area);
e increase off-take from (or reduce injection to) DK, if cheaper balancing energy and network ca-

pacity is available (to be compensated in the synchronous area of Continental Europe).

Note that a particular case can occur when assuming an excess generation due to an unexpected in-
crease of the wind power infeed. Similarly, the HVDC system will react instantaneously to maintain DC

voltage stability by:

e increasing injections to BE when exporting to BE from the island

e reducing offtake from BE when importing from BE to the island

This reaction will create an excess in the mainland (to be compensated in the synchronous area via fast
FCR). However, during high import situations from the Princess Elisabeth Island to Belgium, it is possible
that the capacity in the HVDC system is fully used, hence physically not allowing to further increase injec-
tions to the Belgian shore. In this case, the offshore wind power is subject to a ‘preventive cap’ to avoid

overload of the HVDC system caused by unscheduled excess of wind power generation.

Also here, operations can be optimized, and even limit the frequency and impact of triggering the preven-

tive cap, by means of an operational or balancing agreements with UK and/or Denmark:

e increase injections to (or reduce offtake from) UK, if cheaper balancing energy and network ca-

pacity are available (to be compensated in UK synchronous area);
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e Increase injections to (or reduce off-take from) DK, if cheaper balancing energy and network ca-

pacity are available (to be compensated in Continental Europe).

This means that in order to maintain a safe operation of the HVDC system, the preventive cap will need
to be imposed on the wind parks connected to the DC system. It will correspond to a real-time injection
limit that will be calculated based on the available capacity in the HYDC system. The preventive cap is
thus a specific measure needed for managing the hybrid use of an of HVDC system and will apply irre-
spectively of the market setup. It will exist next to the general local congestion management framework to

cover congestions in the AC system.

In a stylized example where the available network capacity is entirely determined by the remaining capac-
ity on the HVDC connection between PEZ and the Belgium shore: during full import conditions from UK
(1.4 GW), no excess wind power generation can be accommodated in real-time when assuming a con-
nection of 1.4 GW from PEZ to the shore. In contrast, a situation with an import from UK of (1.0 GW)
would still allow to accommodate 400 MW of excess wind power. Obviously, the curtailed volumes are

determined by the installed HVDC capacity between the PEZ and the Belgian shore.

With the focus on a split node operation, the preventive cap will only apply on the Lot 3 wind parks. The
parks in Lot 1 and 2, connected to the AC system will fall under normal congestion management proce-
dures. During specific situations (i.e. long duration outages), Elia is investigating the possibility to tempo-
rary connect wind parks in Lot 1 and Lot 2 to the DC system. During such situations, it remains possible
that the preventive cap will be exceptionally applied on these wind parks. Lot 1 and Lot 2 will therefore
also need to demonstrate the capabilities to implement the preventive cap. However, the measure will
only be applied under very exceptional conditions and therefore not expected to have significant financial

impact (and the financial consequences will be covered anyhow with the Royal Decree on liabilities). .

Implementation of the preventive cap

The preventive cap is implemented as a real-time injection limit enforced by Elia on the wind parks to
safeguard operational security in the HVDC system. It is foreseen to be implemented as a physical real-
time measure (via set-point control) preventing excess injections of wind energy beyond the operational
limits of the HVDC system. The injection limit will be determined based on the available capacity of the
HVDC system.

The preventive cap will be applied pro rata the installed capacity of the wind parks connected to the
HVDC system. If the operational limits of the HVDC system allows an additional injection of 500 MW, a
wind park representing 10% of the total installed wind power capacity in the HVYDC system will then be
allowed to deviate from its program with excess energy of 50 MW. This operating margin allows to max-

imize the use of transmission capacity in the benefit of market parties.
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The preventive cap follows the same principles as the return to schedule currently presented in the local
congestion management framework (iCAROS). The return to schedule will be implemented here as a real
time return to operating margin to avoid real-time deviations from schedules that could lead to violation of
the operating margins when maximizing the injections of wind power. The return to schedule is a request
to comply with the last program and therefore does not fall under the conditions of redispatching specified
in Article 13 of the Internal Market for Electricity (2019/943). Elia elaborates in detail in the consultations
on the Terms and Conditions for Scheduling Agent how this should not be considered as redispatching
(as it is a request to comply with the last program provided by the Scheduling Agent and not a request to
deviate from this program in accordance with article 21(4) of the CSAM methodology). Note that the re-

turn to schedule in the T&C for Scheduling Agent has been approved by CREG*.

Note that in an offshore bidding zone, no intraday re-scheduling is possible beyond the operating margins
as the market does not foresee any trading possibilities outside the intraday market. This implies that
schedules of the parks will always be in line with these margins. In contrast, in a home market solution,
i.e. without offshore bidding zone for the DC connected wind power, intraday re-scheduling outside the
operating margins will not be permitted to avoid technically infeasible trades. An update of the schedules
beyond the operating margins will not be accepted. This will be implemented via an additional exception

to the freedom of dispatch specified in the local congestion management framework.

Best estimate of the preventive cap

To enable the wind farms to have a foresight on what will be the possible injections in real time, a best
forecast of the preventive cap will be made available. It is defined as an expected operating margin. The
approach is dependent on the market set-up. A high-level overview of the approach is presented in Fig-
ure 133.

48 CREG Decision (B)2750
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Figure 133: Implementation of the preventive cap

Determining the best forecast of the preventive cap within an offshore bidding zone set-up

The reference market setup is the offshore bidding zone, implying that the bidding zone border between
the offshore bidding zone and the Belgian bidding zone is subject to cross-zonal capacity calculation in
the Core region.

During intraday, the intraday cross-zonal capacity calculation and the subsequent implicit allocation of the
available capacity in single intraday coupling includes the limits of the HVDC system. After the closure of
the cross-zonal intraday market and prior the opening of the balancing markets, the cross-zonal capaci-
ties are re-calculated through a balancing timeframe capacity calculation. The limit of the HVYDC system is
herein included.

No possibilities exist after the cross-border intraday market gate closure for market players to re-schedule
their positions based on exchanges between the onshore and offshore bidding zone as even the ex-
changes between the Princess Elisabeth Island and the Belgian bidding zone are considered to be cross-
border, and such exchanges are not possible anymore.

The best forecast of the preventive cap is thus fully included in generic capacity calculation processes
and no specific communication or additional constraints are needed. There is no financial incentive to de-
viate from the schedule in case of excess power in the offshore bidding zone, as the imbalance price is
expected to be zero in such circumstances. However, the implementation of the preventive cap will re-

main as a safety measure to avoid injections beyond the operating margin of the HVDC system.
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Determining the best forecast of the preventive cap without an offshore bidding zone set-up

Contrary to the reference market set-up with an offshore bidding zone, the technical limit of the HVDC
system without offshore bidding zone for the DC connected wind parks (also referred to as home market
solution) will not be covered by a calculation of cross-zonal capacities on the connection between the
Princess Elisabeth Island and the Belgian onshore grid.

A best forecast of the preventive cap is thus to be calculated by Elia based on the technical limit of the
HVDC system and its usage by the market.

From the day-ahead market closure until the nomination deadline for the intraday explicit trading with UK:

e Onthe UK side (interconnector perspective): explicit intraday trading will be in place. A capacity split
between offshore wind and the interconnector with UK will be necessary for any remaining capacity
on the connection between the Princess Elisabeth Island and the Belgian onshore grid. The most up-
to-date assumptions (wind forecast) will determine which capacity will be made available for intraday
trading between UK and Belgium.

¢ On Belgian side (offshore wind perspective): while the Princess Elisabeth Zone will be part of the Bel-
gian bidding zone, the capacity to trade over the HVYDC system needs to reflect the physical possibil-
ity of the system as it would have been the case if the preferred target model would have been imple-
mented (with an offshore bidding zone and implicit trading). The calculation of the best estimate of
the preventive cap will take into account the scheduled cross-border exchanges in day-ahead and
intraday, the capacity traded explicitly with UK and the generation schedules in the Princess Elisa-
beth Zone to define what is left available on the HVDC link between the Princess Elisabeth Island and

the Belgian onshore network.

To avoid any unfeasible commercial trades, going beyond the technical capacity of the HVDC system, an
update of the generation schedule in the Princess Elisabeth Zone beyond the best estimate of the operat-
ing margin will not be allowed. In contrast to an offshore bidding zone, market actors might have the pos-
sibility and the potential incentive to deviate from their schedule in the balancing timeframe. Indeed, it is
possible that imbalance prices remain positive following shortage situations onshore. When such situation
would lead to an overload of the HVDC system, the preventive cap will be activated . This situation can
be prevented by keeping communicating the operational margin also closer to real-time, so that the mar-

ket actors know whether there is a possibility to react to the imbalance price.
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5.8.2.2 Balancing timeframe

In the balancing market timeframe, the above-mentioned situations with excess or shortage wind power
will result in an LFC block imbalance and Area Control Error within the offshore LFC Area. Note that only
the case where the master controller is pushing the imbalances to the Elia LFC Block is considered in this
section. This will trigger a demand for activation of reserves in the EU balancing platforms Picasso (with
full activation time of 5 minutes) and Mari (with full activation time of 12.5 minutes). This will relieve the

very fast FCR reserve activations in Continental Europe:

e When connected to the EU balancing platforms, the activation requests of aFRR (based on the
offshore area control error) and mFRR (based on the offshore system imbalance) will be netted
by the platform algorithms before aFRR and mFRR reserve activations are selected within the
regions connected to the balancing energy platforms. The selection of activations will be con-
ducted in function of the available energy bids in the connected LFC Areas and the available
transmission capacity between the connected LFC Areas;

e The activation will free up activated FCR and will bring cross-zonal exchanges in line with the out-
come of the cross-zonal schedule of all the preceding markets. If the imbalance is resolved with
reserve activations in the same LFC Area as with which the imbalance was initially exported in
the real-time operational timeframe, there will be no impact on the physical flows between the off-
shore bidding zone and the connected regions. In contrast, if the imbalance is resolved with acti-
vations in another LFC Area, the flow through the HVDC convertors is adapted accordingly.

e Thereafter, the region can be re-balanced again through the cross-border intraday market, reliev-
ing FRR reserve activations by market schedules.

A separate area control error and system imbalance is to be determined for both areas:

e the offshore bidding zone (SleLiaoft, ACEELIAof)

e the onshore bidding zone (SleLiaon, ACEELiaon)

In a simplified example (which holds for as long as the allocation in balancing markets applies in an ATC-
based logic, which is the current target mode), the balancing market price (set by the cross-border mar-
ginal price) will converge over two connected LFC Areas as long as there is remaining transmission ca-
pacity between both. Note that this ensures that the adequate price formation in an offshore bidding zone
for the preceding timeframe, taking into account network constraints, is hereby extended up to the bal-

ancing timeframe. An illustration is given in Figure 134:

e Assume a situation with three bidding zones and three corresponding LFC Areas, e.g. the Prin-
cess Elisabeth Zone (PEZ), Belgium (BE) and Denmark (DK) being all part of the same balancing
cooperation Mari and Picasso. All LFC Areas will send their available upward and downward bids
to the platform. The bids in the Princess Elisabeth Zone are limited to the downward activation of

wind power, as there is no other flexible means.
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Figure 134 : lllustrative example of balancing market operations with three LFC areas

¢ In the situation where both the PEZ LFC Area and the BE onshore LFC Area remain short (e.g.
with expensive balancing energy offers), while the DK LFC Area is long (e.g. with cheap balanc-

ing energy offers), the following situation can be expected:

o The shortages in the PEZ will be netted first with the excess in DK after which the cheap ad-
ditional upward balancing energy can be activated in DK to cover shortages in the PEZ LFC
Area, at least as long as there is sufficient remaining transmission capacity. In this example,
the netting of imbalances and the activating DK balancing power will be cheaper than activat-
ing expensive upward BE balancing energy. It shows how the offshore wind power imbalance
can be balanced at the lowest cost.

o Would it be supported by the available transmission capacity, additional netting of imbal-
ances, and upward balancing energy activations can be activated in DK to cover the short-
ages in BE. In this example, activating DK balancing power is cheaper than BE balancing en-

ergy and the BE onshore imbalances can be balanced at the lowest cost.

The cross-border marginal price will converge between the LFC Areas as long available transmission ca-
pacity remains. If transmission capacity limits occur first between DK and the PEZ, the balancing price in
PEZ will diverge from DK and converge with the more expensive BE LFC Area. It is even possible that
the balancing price converges over the three LFC Areas if no transmission constraints are exceeded. In
contrast, it is also possible that the transmission constraint occurs between PEZ and Belgium and that
prices in the PEZ diverges from Belgium. The final outcome will depend on the offers and demand for bal-

ancing energy and the available transmission capacity between the LFC Areas.
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The cross-border marginal price will be the main driver in the calculation of the imbalance price. However,
note that the imbalance price design is in constant evolution to accommodate changing market circum-
stances and can therefore not be set today for a market situation that is still many years away. The bal-
ancing philosophy and the consequent imbalance price design applied in the offshore LFC area will need
to take into account the specificities of the OBZ (e.qg. the type of flexibility available within the zone) and
will be discussed and developed with all the stakeholders and will likely continue to evolve depending on

the context.

In order to demonstrate the behavior of the balancing market under different conditions, several use
cases are presented below for a grid topology with an interconnector of 1.4 GW between the offshore
LFC Area and the foreign LFC Area (as foreseen with UK). All newly installed offshore wind power is as-
sumed to be part of an offshore bidding zone, and connected to the offshore LFC Area and the Belgian

LFC Area in a hybrid configuration.

Note that all illustrations above and use cases below assume a situation where all LFC Areas are part of
the same balancing energy cooperations. This is not necessarily the case, particularly when considering
that the Princess Elisabeth Zone is planned to be connected to the UK which is outside of the European
Union. It is not certain if the UK will join the balancing cooperations by 2030, or if separate bilateral bal-
ancing energy cooperations could be set up. Nevertheless, it is Elia’s ambition to have such balanc-
ing cooperation with UK and Elia will launch discussions on this topic with UK. In the case of Den-
mark, foreseen to be connected as from 2032 through Triton Link, the different LFC Areas should

be part of the same balancing cooperation.

Use case 1: excess wind power during high export conditions to the foreign LFC Area

Figure 135 illustrates a situation with excess wind power in the balancing timeframe when the intercon-
nector is scheduled in full export from the offshore LFC Area to the foreign LFC Area. In this example, the
export position follows a scheduled offshore wind power production of 400 MW and an export of 1000
MW from the Belgian onshore LFC Area to the offshore LFC Area.
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Figure 135 : lllustration of a use case with excess wind power (+200 MW) under full export conditions
from the offshore to the foreign LFC Area (1000 MW)

Following the available transmission capacity between the Belgian onshore and offshore LFC Area, an
excess wind power of 200 MW can be managed through a downward activation of balancing resources
available to the Belgian LFC Area (in Belgium, or other connected LFC Areas). These downward activa-
tions will reduce the scheduled injection from Belgian onshore to the offshore LFC Area in line with the
downward activation of aFRR or mFRR in Continental Europe. Note that the physical flow from the Bel-
gian offshore LFC Area to the offshore LFC Area may already have been reduced in the operational
timeframe to balance the HVDC system (in absence of real-time operational exchanges with the foreign
LFC Area). The reduction of the import in the balancing timeframe does not impact the physical flows and

will just align the cross-border schedules with the physical flows.

Alternatively, balancing resources can be activated in the Offshore LFC Area itself, via a reduction of the
offshore wind power injections through downward activation of wind power flexibility. In contrast, no
downward balancing resources can be activated in the foreign LFC Area to manage the excess offshore
wind power as the available transmission capacity inhibits the increase of the flow from the offshore to the
foreign LFC Area. In this use case, imbalance netting and balancing energy activations will be optimized
over the connected LFC Areas through the EU balancing platform in function of available liquidity and

available transmission capacity°.

49 As from the commissioning of Nautilus, foreseen in 2030, balancing costs can be optimized over Princess Elisabeth Zone (via the
offshore LFC Area), Continental Europe (via the Belgian onshore LFC Area) and the UK. This is only the case with a balancing co-
operation between Belgium and UK (via the EU balancing energy platforms or a bilateral cooperation if possible). As from the con-
nection of Triton Link, foreseen in 2031-32, balancing costs can be further optimized with Continental Europe through an alternative
transmission path between Belgium and Denmark under the EU balancing platforms.
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Use case 2: excess wind power during high export conditions to the Belgian onshore LFC Area

Figure 136 illustrates a situation where an excess wind power in the balancing timeframe happens when

the hybrid interconnector is already scheduled in full export from the offshore LFC Area to the Belgian on-
shore LFC Area. In this example, the export position follows a scheduled offshore wind power production
of 400 MW and an export of 1000 MW from the foreign to the offshore LFC Area.
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Figure 136 : lllustration of a use case with excess wind power (+200 MW) under full import conditions
from the offshore to the Belgian onshore LFC Area

Under these conditions, no downward balancing resources can be activated in the Belgian onshore LFC
Area to manage an excess offshore wind power as the available transmission capacity inhibits to in-

crease the flow from the Belgian onshore to the offshore LFC Area.

Yet, similar to the use case 1, balancing resources can be activated in the Offshore LFC Area itself, via

the reduction of the offshore wind power injections through downward activation of wind power flexibility.

Alternatively, following the available transmission capacity between the foreign and offshore LFC Area,
the excess wind power of 200 MW can be managed through a downward activation of balancing re-
sources available to the foreign LFC Area. These activations will reduce the scheduled injection from for-
eign to the offshore LFC Area by means of a downward activation of flexibility in the foreign LFC Area.
This will impact the physical flow from the foreign to the offshore LFC Area unless if the injections were

already reduced in the real time operational timeframe via an operational or balancing agreement.

Also in this use case, imbalance netting and balancing energy activations will be optimized through the

EU balancing platform in function of available liquidity and available transmission capacity.
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Use case 3: shortage wind power during high export conditions to the foreign LFC Area

Figure 137 illustrates a situation where a shortage of wind power in the balancing timeframe happens
when the interconnector is scheduled in full export from the offshore LFC Area to the foreign LFC Area. In
this example, the export position follows a scheduled offshore wind power production of 400 MW and an
export of 1000 MW from the Belgian onshore LFC Area to the offshore LFC Area.
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Figure 137 : lllustration of a use case with shortage wind power (-200 MW) under full export conditions
from the offshore to the foreign LFC Area

Following the available transmission capacity between the Belgian onshore and offshore LFC Area, the
shortage wind power of 200 MW can be managed through an upward activation of balancing resources
available to the Belgian LFC Area. These activations will increase the scheduled injection from the Bel-
gian onshore to the offshore LFC Area following the upward activation of aFRR or mFRR in Continental
Europe. Note that the physical flow from the Belgian offshore LFC Area to offshore LFC Area may al-
ready have been increased in the real time operational timeframe to balance the HVDC system. The new
scheduled position will in this case only result in a change of cross-border schedules in the direction of

the flow.

In absence of transmission constraints during such conditions, this also means that the required upward
reserve capacity, if adequately dimensioned in the Belgian LFC block, is available to cover offshore wind
power shortages. This means that under normal conditions, no geographical constraints are to be ac-
counted in the dimensioning. Use case 5 with transmission constraints within the onshore LFC Area will
nevertheless highlight a particular situation in which transmission constraints will play a role in the availa-
bility of balancing energy.

In this use case, no balancing resources are expected to be available for upward activations in the off-
shore LFC Area, at least when assuming no storage, demand or other generation technologies, as only
wind power will be installed in the offshore LFC Area. While it is possible to provide upward flexibility with
wind power, this is considered very expensive as it requires wind power to continuously generate below

maximum generation levels.
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Alternatively, following the available transmission capacity between the foreign and offshore LFC Area,
the shortage wind power of 200 MW can also be managed through an upward activation of balancing re-
sources available to the foreign LFC Area. These activations will reduce the scheduled injection from the
offshore to the foreign LFC Area following an upward activation of flexibility in the foreign LFC Area. This
will impact the physical flow from the foreign to the offshore LFC Area except if the injections were al-
ready reduced in the real time operational timeframe.

Again, imbalance netting and balancing energy activations will be optimized through the EU balancing

platform in function of available liquidity and available transmission capacity.

Use case 4: shortage wind power during high import conditions

Figure 138 illustrates a situation where a shortage of wind power in the balancing timeframe happens
when the hybrid interconnector is scheduled in full export from the offshore LFC Area to the Belgian on-
shore LFC Area. In this example, the export position follows a scheduled offshore wind power production
of 400 MW and an export of 1000 MW from the Belgian onshore LFC Area to the offshore LFC Area.
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Figure 138 : Illustration of a use case with shortage wind power (-200 MW) under full export conditions
from the offshore to the Belgian LFC Area

The possibilities to balance the use case 4 are practically the same as in use case 3. Following the avail-
able transmission capacity between the Belgian and offshore LFC Area, the shortage wind power of 200
MW can be managed through an upward activation of balancing resources available to the Belgian LFC
Area. As in use case 3, no balancing resources will be available for upward activations in the offshore
LFC Area. Finally, the available transmission capacity between the foreign and offshore LFC Area also
allows to manage the shortage wind power through an upward activation of balancing resources available
to the foreign LFC Area.

Also, in this use case, imbalance netting and balancing energy activations will be optimized through the

EU balancing platform in function of available liquidity and available transmission capacity.
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Use case 5: transmission capacity limitations below the physical capacity of the HVDC system

Note that even when physical capacity on the HVDC interconnector between the offshore LFC Area and
the Belgian onshore LFC Area is available, the available cross-zonal capacity for balancing can be lower
as it is subject to the coordinated Core capacity calculation. The limitation may be due to operational lim-
its in the onshore network which can impact the available transmission capacity between the offshore and
the connected onshore LFC Areas.

While an excess of wind power, even in absence of balancing or operational cooperation with the con-
nected regions, can always be managed via the measures presented above (downward activation of wind
power and the preventive cap), a shortage of wind power cannot be managed without taking additional
measures. Indeed, the limited cross-zonal capacity from Belgium to the offshore LFC Area will inhibit the
activation of upward flexibility in Belgium to balance the HVDC system and sustain the export to the For-
eigh LFC Area. This situation is illustrated in Figure 139.
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g Foreign 2 BE
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700 MW cross-zonal capacity was
allocated in DA/ID. The cross-
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balancing is 150 MW.

Figure 139 : lllustration of a use case with shortage wind power (-200 MW) under full export conditions
from the offshore to the foreign LFC Area (1400 MW)

In the operational timeframe, the export to the foreign LFC Area needs to be curtailed. For instance, when
the available transmission capacity between the Belgian LFC Area and the offshore LFC Area is for in-
stance limited to 150 MW, lower than the wind power shortage of 200 MW, as depicted in in Figure 139,
there is no other alternative in the operational timeframe than to cut the flow from the offshore LFC Area
to the connected region with 50 MW. Note that this can be done via an operational or balancing agree-
ment to be negotiated with the corresponding TSO. Note that it is standard to have such agreement on all
interconnectors needed for covering what is happening in the “operational timeframe” (e.g., cable inci-
dents).
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In the balancing timeframe, this export restriction will need to be maintained unless the presence of a bal-
ancing cooperation allows an upward activation in the connected LFC Area to align cross-border sched-
ules positions with the physical flow on the interconnector. The presence of such balancing cooperation
will ensure an efficient activation of balancing resources and give a correct price signal based on the

value of upward activation of flexible capacity.

In absence of such balancing cooperation, the export restriction will remain unless the imbalance disap-
pears (e.g. generation re-aligns with the schedules) or is resolved in the intraday market. In such case,
the imbalance price in the offshore bidding zone might need to be adapted to reasonable values. Indeed,
as in this specific situation, the system imbalance of the offshore LFC Area cannot be covered via an acti-
vation in the EU balancing platforms due to the absence of network capacity. This would result in an ab-
sence of a cross-border marginal price (or at least a price which hits the limits). As there is no available
flexibility to be activated, it is impossible to construct an adequate price signal. This is the reason Elia re-
fers to setting an imbalance price to reasonable values. This mechanism still to be determined but might
for instance be related to the cost of the solution of curtailing export to UK which is at that point the only

alternative.

Note that:

e If a balancing cooperation with UK (via EU balancing platforms or at least cooperate bilaterally) would
exist, the dependency on the above- mentioned measures would be reduced;

e Itis Elia’s ambition is to connect Princess Elisabeth Island (and therefore the OBZ) to multiple re-
gions, including Denmark (part of EU Balancing platforms). With more connections, the dependency
on the above- mentioned measures is reduced;

e Elia also anticipates improvements in capacity calculation as the implementation roadmap in Core
unfolds. It is to be noted that the improvements in the pipeline are subject to regulatory uncertainty.
Further improvements on capacity calculation can be discussed in due time within Core / EU context

but will not be a silver bullet.

Note that this case is valid for an offshore bidding zone, as well as without. If network limitations follow
congestions in the onshore network, the same situations as described in this section unfolds without an
offshore bidding zone as well. However, while the offshore bidding zone ensures a correct price signal,
based on the cross-border marginal price, the price signal in a situations without offshore bidding zone
will remain equal to the onshore area. This means that a low or negative price in the Belgian LFC block

will give wrong incentives to offshore wind power to further reduce injections and worsen the congestion.
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5.8.3. Impact on reserve dimensioning

5.8.3.1 Impact on LFC block operational agreement

As explained in Section 5.8.1, an LFC Block is additionally responsible for the dimensioning of FRR.
When assuming that the activation of reserve capacity is conducted via two separate LFC Areas, Elia
considered two different options (Figure 140).

1 LFC block 2 LFC blocks

sharing

EliaLFC
block

EliaLFC

Elia LFC block block

Onshore LFC Offshore LFC Onshore
Area Area LFC Area

Figure 140 : Options for LFC block structure with an offshore bidding zone

Offshore
LFC Area

A first option would be to create two LFC blocks which align each with the geographical scope of the Bel-
gian onshore and offshore LFC Area respectively. This would legally imply that each LFC block would
specify its own reserve dimensioning methodology in a separate LFC block operational agreement. How-
ever, Elia identified several issues with such approach.

First of all, this would result in an over-dimensioning of total reserve capacity as the total reserve capacity
needs will be determined as the sum over the two LFC blocks. The current legal framework does not fore-
see the possibility to net the reserve capacity needs over different LFC blocks. Such netting needs can
currently only take place via the framework of reserve sharing, facing stringent limitations following SO
Regulation (cf. Article 157). Legal requirements limit the reserve capacity reduction in each LFC block to
the difference between the deterministic result (determined by the dimensioning incident) and the proba-
bilistic result (determined by the system imbalances driven by wind power), with an additional constraint
of 30% of the dimensioning incident.

Secondly, in the absence of upward flexibility, the offshore LFC block would need to depend entirely on
upward reserve capacity exchange where balancing capacity has to be procured abroad in the Belgian
LFC block or other connected LFC blocks. However, SO Regulation requires to procure at least 50% of
the required FRR capacity in its own LFC block.
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On longer term, possible solutions can be sought in a revision of the SO Regulation. But even when as-
suming that the legal issues will be solved, it will increase the complexity of the dimensioning while main-
taining a risk of oversizing the reserve needs and the balancing capacity procurement costs. Further-

more, no economic or operational benefits are identified in such an approach.

The second and better option is therefore to create one LFC block, overarching the two LFC areas, in
which LFC block imbalances of the offshore and onshore LFC Area can be netted without legal con-
straints. Therefore, reserve capacity needs are minimized as offshore wind power forecast errors in the
offshore bidding zone are netted with forecast errors of other renewables, and the demand, in the on-
shore LFC Area.

In contrast to the first option, the legal framework does not formulate constraints on netting within the LFC
block. Even if it was needed under particular conditions to take into account geographical limitations with
the LFC block following limited network capacity between two areas, this is supported by Article 157. This
can for instance be done by means of incorporating network limitations in the dimensioning methodology
ensuring the available reserve capacity during network constraints. However such approach would not be
required in the Belgian case under normal conditions. Such approach will be followed in the Nordic di-
mensioning (optimizing reserve capacity over the different LFC areas taking into account network limita-
tions between the areas) while also Germany applies a common dimensioning over the different LFC ar-

eas (but does not apply any network limitations in practice).

5.8.3.2 Impact of geographical constraints

It is demonstrated in use case 3 and use case 4 in Section 5.8.2.2 that under normal conditions, network
capacity is expected to be available during shortages of wind power to facilitate balancing the offshore
LFC area by an upward activation via the Belgian onshore LFC Area. This is the case both during export
from the offshore LFC Area to the foreign LFC Area and during export from the offshore LFC to the Bel-
gian onshore LFC Area through. In both cases, the upward reserve capacity foreseen in the Belgian on-
shore LFC Area through the common dimensioning in the LFC block is available to increase the injections

to the offshore LFC Area (or reduce the offtake from the Belgian onshore LFC Area).

In the situation of excess energy, it is demonstrated in use case 1 and use case 2 that under normal con-
ditions, reserve capacity remains available through network capacity with the Belgian LFC area, or

through the downward activation of wind power in the offshore LFC Area:

e during export from the offshore LFC Area to the foreign LFC Area, excess wind power can be re-
solved by means of reducing import through a downward activation via the Belgian onshore LFC

Area or a downward activation of the excess wind power in the offshore LFC Area;
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e during import from the offshore LFC Area to the Belgian LFC Area, excess wind power can be

resolved by means of a downward activation of the excess wind power in the offshore LFC Area.

In the first case, the downward reserve capacity foreseen in the Belgian onshore LFC Area through the
common dimensioning in the LFC block will remain available, at least via non-contracted balancing en-
ergy bids on offshore wind power. While in the latter, the geographical limitations impact the dimensioning
of the reserve capacity in the LFC block, it does not have an impact on the procurement of downward bal-
ancing capacity. Elia foresees a mandatory participation of wind power in FRR balancing energy bids (as
currently in place today in line with Article 242 of the Code of Conduct) but does not foresee a particular

mandatory provision for aFRR.

It is to be noted that particular conditions with network limitation following onshore internal grid constraints
or capacity calculation methods (as presented in Use Case 5 of Section 5.8.2.2) may result in the need to
access reserve capacity in the foreign LFC Area which needs to be managed via an operational agree-

ment or balancing cooperation.

5.8.3.3 Impact on reactive balancing

An effect of an offshore bidding zone that is expected to impact dimensioning is that reactive balancing

opportunities in an offshore bidding zone are lower compared to the onshore bidding zone.

Wind power plants are assumed to remain responsible for their imbalance (via BRPs), and to be subject
to the imbalance price based on the value of balancing energy following the activation of balancing en-
ergy through the EU balancing platforms. Wind power plants in an offshore bidding zone can use intraday
markets and downward control of wind power (up to real-time) to balance their positions. However, in
comparison to wind parks outside the offshore bidding zone, no portfolio advantages currently exist (and

thus no possibility to aggregate portfolio imbalances and correct them through other means). Note that:

¢ Inthe framework of the electricity market design reform discussion at EU level, it is expected that
the intraday cross-zonal gate closure time will be reduced to 30 minutes before real time (hence

before the offshore bidding zone would be created)

e Other solutions (pooling portfolio imbalances over bidding zones, facilitate cross-zonal reactive
balancing) are not straightforward as they would contradict the congestion management princi-

ples according to which an offshore bidding zone is defined.

These reduced reactive balancing possibilities are taken into account in the market performance assump-
tions reserve dimensioning (Section 5.5) and extreme balancing conditions such as storms and ramps
(Section 5.6). Note that the reduced reactive balancing possibilities have a potential incremental effect on

the needs for reserve capacity following higher system imbalances, even after netting over the two LFC
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areas in the Belgian LFC block. However, the effect on balancing capacity procurement and the availabil-
ity of balancing energy bids, including during storms and ramping events, will likely be mitigated as large
part the available flexibility will be offered as non-contracted balancing energy bids in the onshore LFC

Area. These volumes will remain available for activation, including during storm and ramping events, and

will be accounted via Elia’s dynamic procurement strategies to reduce Elia’s balancing capacity needs.

This section investigates if the offshore bidding zone has an impact on the analyses of the need for miti-
gation measures for storms and ramping events and their design. Similarly to reserve dimensioning, a re-
duction of reactive balancing capabilities offshore, and therefore of the total balancing market perfor-
mance, can impact the reserve activation needs of Elia. However, it is expected that this effect is limited
when assuming that the largest part of the onshore flexibility which would have been used for portfolio
balancing in the home market solution (refers to a scenario with no offshore bidding zone for the DC con-
nected wind power) in case is still made available via balancing energy bids in the EU balancing energy

platforms.

As the mitigation measures are justified based on the final impact on the area control error of the offshore
LFC area, being the result after available reserve activations, no substantial effect is expected on the

need for the mitigation measures. If there would be an effect, if e.g., part of the flexibility for portfolio is not
able to participate in Mari or Picasso (e.g. following technical constraints of flexible technologies), this will

increase the need for activation of the mitigation measures.

¢ High wind speeds capabilities

The market design context is not expected to have an impact on the operation of the high wind speed ca-
pabilities. In both an offshore bidding zone context and a home market solution, the wind farms have the
incentive to mitigate the frequency and impact of storm cut-out events by maximizing injections, also un-

der high wind speed conditions.

¢ Ramp rate limitations

The reduced reactive balancing opportunities in an offshore bidding zone may increase the activation fre-
guency of the ramp rate limitation through increased system imbalances for the offshore LFC Area. How-
ever, self-curtailment solutions always remain available under adequate price signals in an offshore bid-

ding zone as such events are expected to relate to low balancing prices.

In order not to unduly affect the situation with an offshore bidding zone, the activation of the ramp rate
limitations is foreseen to be triggered by the netted LFC block imbalance, rather than the offshore LFC
Area imbalance alone. In other words, the activation trigger is the same irrespectively of the market

setup. This ensures to take into imbalance netting between the onshore and offshore LFC Area before
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activating the measure. As discussed in Section 5.7.2, the counter-side is that situations with large on-
shore excess imbalances might also trigger the ramp rate limitations in the Princess Elisabeth Zone. Elia
will monitor if such undesired activations occur and will propose design improvements if necessary.

Note that with on offshore bidding zone, the netted LFC block imbalance is calculated as the netting of
the onshore LFC area imbalance (including the wind parks connected to the AC system) and the offshore

LFC area imbalance (the offshore wind parks connected to the DC system).

Note that situations where such imbalance netting between the areas would not be possible are already
covered by the preventive cap. Indeed, full export conditions from the island to Belgian resulting in net-
work congestions will activate limits for injecting excess energy for the offshore wind farms and no addi-

tional ramp rate limitations will be needed.

e Preventive curtailment

Similarly to ramp rate limitation, reduced reactive balancing opportunities in an offshore bidding zone may
increase the activation of the preventive curtailment measure due to the limited options of BRPs to man-
age offshore wind power after the intraday market gate closure. However, it can be expected that a large
part of the onshore flexibility will remain available for the cross-border balancing energy market when an
offshore bidding zone is put in place. As the activation of the preventive curtailment takes into account all
the available flexibility in the LFC block before triggering an activation of the measure, there should not be

a large impact on the activation frequency and on the impact of the preventive curtailment measure.
The activation of the preventive curtailment is thus not expected to be fundamentally impacted by an off-

shore bidding zone as it is foreseen to be triggered by the total available flexibility in the LFC block, simi-

lar to a situation without offshore bidding zone.
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5.9. Implementation roadmap

Based on the results presented in this study, Elia recommends the implementation of four mitigation
measures before the connection of the foreseen new offshore wind parks in 2029 (Figure 141). Three of
the measures (High Wind Speed technologies, Ramp rate limitations and Preventive curtailment) will deal
with the system risk imposed by storm and ramping events while a fourth measure (Preventive cap) con-
cerns the implementation of a measure related to the technical characteristics of the hybrid HVDC inter-

connector.
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requirements in 2024 approval before commissioning PEZ go live before commissioning PEZ

Figure 141 : Indicative implementation roadmap of the recommended mitigation measures

The High Wind Speed (HWS) capabilities require wind turbines to be capable to maintain generation
until wind speeds of 31 m/s with a gradual ramp down. The specifications will be defined in the connec-
tion requirements published before the first tendering phase in 2024. The requirements will allow wind
parks to demonstrate these capabilities on wind park level instead of turbine level. Elia will follow up on
the latest information on high wind speed capabilities of available offshore wind turbines on the market,
up to the launch of the Tender, to ensure a reasonable trade-off between capabilities requested in the

connection requirements for turbines on the market and the system needs.

No operational procedures are foreseen for the operation of this High Wind Speed capability as once this
capability is installed, it is expected that wind farms have all incentives to operate this technology to max-

imize the generation of their offshore wind park.
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The Ramp rate limitation requires wind farms to limit the upward generation ramp of wind power plants
after a close-to-real-time signal of Elia during large excess imbalances in the system. The technical speci-
fication to ensure the control and monitoring will be specified in the connection requirements to make
sure the wind farms demonstrate the ability to adapt injections upon a signal received from Elia. The op-
erational procedure will be specified at a later stage in the regulatory framework: the trigger can be imple-
mented via a modification of the LFC block operational agreement while the reaction of the wind park can
be implemented via the Terms and Conditions Scheduling Agent. Note that these modifications will re-
quire consultation of the market parties and approval by CREG. The principles of the procedure and the

parameters that will be proposed to CREG will be based on the recommendations given in this report.

The Preventive curtailment requires wind farms to reduce injections under the capabilities following
wind speed conditions. The activation of the measure will be communicated in intraday when predicting
unmanaged portfolio imbalances following storm or downward ramping events while the system is ex-
pected to have insufficient flexibility to cope with the foreseen shortages. This measure does not require
additional technical capabilities on top of the general connection requirements. Similar to the ramping rate
limitations, the operational procedure will be specified at a later stage in the regulatory framework. The
trigger can be implemented via the existing exhausted reserve procedure in the LFC block operational
agreement while the activation can be implemented via the Terms and Conditions Balancing Responsible
Parties, in line with the existing “Storm Procedure”. These modifications require consultation and regula-
tory approval. The principles of the procedure that will be proposed will be based on the recommendation

presented in this report.

The Preventive cap is needed to deal with the hybrid topology. Similar to the ramp rate limitations, it re-
quires specifications in the connection requirements to ensure the ability to receive control signals in the
real time (in this case communicated as an injection limit) sent by Elia upon which to adapt wind power
injections. Also here, the operational procedure will be specified at a later stage in the regulatory frame-
work for congestion management. This concerns the Coordination Rules (as well as the Terms and Con-
ditions Scheduling Agent and Terms and Conditions Balancing Responsible Parties). Also here, consulta-
tion of the market parties and regulatory approval of the modifications will be needed. The principles of

the procedure that will be proposed will be based on the recommendations presented in this report.

Elia foresees to submit the proposals for regulatory approval around 2027, after public consulta-
tion. This ensures sufficient time for implementation of the operational procedures and required
applications before the commissioning of the first wind parks in 2029. Elia does not exclude drafting
the modifications earlier in time but clarifies that launching the work too early is not deemed efficient in
view of adapting the proposals to the latest system evolutions. The developments required by Elia will be

launched around 2028 to be ready for the commissioning of the first wind parks.
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6. Annexes
6.1. Appendix 1: Technical Report MOG Il System Integration — 2022

update

The full report is available on the webpage of this public consultation.
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6.3. Appendix 3: Reactions to the public consultation Task Force Prin-

cess Elisabeth Zone

This section summarizes the non-confidential reactions/questions received in the framework of the public

consultation Task Force Princess Elisabeth Zone. For each reaction, Elia has responded and referenced

the updated sections when necessary to centralize all relevant information in the main report. The reactions

are clustered per stakeholder with the nomenclature defined in the table below to facilitate the reference to

the other related questions/answers. The detailed non-confidential reactions and position paper (if any)

communicated by the stakeholders are made available on the Elia website as attachment to this report.

/s fstom
[O] Otary
[BOP] Belgian Offshore Platform
[FBC] Federation of Belgian Industrial Energy Consumers (Febeliec)
[NGV] National Grid Venture
[NK] Next Kraftwerke
[LN] Luminus-NSOR
[FBG] Federation of Belgian Electricity and Gas Companies (FEBEG)
[SC] SeaCoop
[

Independent - Consultant
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Iltem Question/answer

STORM [S]

[S_01] [p.16-17] “The VSP contract falls under a specific tendering process wish will mostly likely evolve over

time.”

plan. Exactly the same is applicable to aFRR services.

VSP contract: this seems rather vague: Can ELIA provide further information regarding the current and
“most likely” future requirements, modalities of the tendering process, expected remuneration, ... for
VSP contracts offered for the PEZ projects. Several current offshore projects in operation are already
providing VSP services. As such, they might have access to additional information not available to all
potential PEZ bidders. Furthermore, it is crucial that any requirement with respect to VSP is provided
upfront in order to allow each interested party to doublecheck with potential suppliers on solutions; and
to take (if relevant) the estimated remuneration for VSP services into account in the project’s business

Section

Elia answer:

Elia provides clarification in Section 1.5

15

[S_02] [p.28] With the future PEI acting as an Offshore Energy Hub, how is the already existing NEMO link
integrated in this system? Does the operating strategy of the parallel connection NEMO - NAUTILUS
have an impact on possible congestion problems in the network? If yes, on what basis is it decided

how to operate these connections?

Elia answer:

Elia provides clarification in Section 2.3

in the onshore network.

As mentioned in the Federal Development Plan 2024-2034, the finalization of Ventilus and Boucle du
Hainaut are important pre-conditions for Nautilus. These 2 onshore reinforcements allow, among other
things, the connection of the Princess Elisabeth Island (i.e. combination of 3500 MW of offshore wind
and 1400 MW of Nautilus), on top of what is already connected today, without any structural congestion

2.3

[S_03] [p-29] The Public Consultation makes reference to a flexible connection access right to be implemented
in the meantime of the completion of two major infrastructure projects: “Ventilus” and “Boucle du Hai-
naut.” We understand from the Public Consultation that Elia is willing to connect offshore projects as
from realization of Ventilus. “A maximum of 700 MW of offshore wind capacity (= phase |) can already
be connected to the electricity system after the realization of Ventilus.” We understand from the Public
Consultation that that 700 MW tranche, the projects will be given a flexible access right “for as long as

Boucle du Hainaut is not realized yet.

limiting access rights:
(i) makes the period of “flexible access” as specific as possible.

Boucle du Hainaut completion).

simply make the entire project subject to 100% flexible access.
(iv) also sets very clearly as of which phase the injection rights are 100% fixed again.

In Storm’s view, in principle it can be included in the price models that full return on investment only
occurs after phase I, in 2030 — when the development of Boucle du Hainaut is expected to be com-
pleted, as long however as this is done in a very predictable manner. As Elia only provides an estimated
completion date, the exact duration during which the access right will be “flexible” is not entirely clear,
which creates some legal uncertainty. To limit such uncertainty, we would suggest that Elia, when

(i) includes in its guidance documents as well as in its individual grid connection agreement the different
phases (e.g., phase 1 from Ventilus completion to Boucle du Hainaut completion and phase 2 as of

(iii) limits its “flexible access” to those phases where absolutely necessary; to the proportion objectively
and technically required. If e.g. after Ventilus 70% of the access capacity can already be fixed but 30%
should remain variable, we would propose that grid connection agreements reflect that split, and not

Elia answer:

Elia provides clarification in Section 2.3.1

parameters (the last phase being the one offering a firm access).

The exact conditions of the Flexible connection contract will be clarified ahead of the launch of the first
tender, just like for any other client facing a similar situation. This covers the % of the energy expected
to be curtailed due to congestions in the network, the % of the time such limitations are expected to be
imposed, the list of relevant congestions, the different implementation phases and their impact on the

231
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[S_04] [p.29] The Public Consultation contains limited modalities on flexible access/ Elia’s constraints to curtail
projects. We understand however from the Public Consultation that “a ‘flex file’ will be drafted and sent

to the CREG for approval, ahead of the launch of the 1st OWF tender.”

reports should outline the conditions for granting flexible access, including:

ment plan.
(i) The division between permanently available capacity and flexible capacity.

duced.

tionary application.

We recommend that Elia provides a thorough specification of all “flexible access modalities,” ensuring
they are detailed and objective. It is crucial that projects are informed as early as possible in the grid
access process. Elia’s practices should align with statutory requirements, and the selection of flexible
access must be justified using objective and technically sound criteria. For each project, Elia’s technical

(i) The planned moment for commissioning necessary network reinforcements outlined in the develop-

(iii) An estimate of the average and total duration per year during which flexible capacity can be re-

We request Elia to consider the level of certainty required by project-financed projects. Specifically, Elia
should quantify, whenever possible, the frequency and timing of imposed curtailments, providing time-
lines and quantifications for the likely annual curtailed energy amount. If exact quantification is not
feasible, modalities should be established regarding the objective thresholds justifying a curtailment
(e.g., a production value exceeding which may trigger curtailments). On the mentioned “flex file”, Elia
should notify CREG well in advance of all these modalities, certainly before connection agreements
are signed to avoid uncertainties on the status of signed connection agreements if the flex file is not
sent in time. Additionally, we urge Elia to incorporate all modalities for flexible access directly and in a
precise manner into the grid connection agreement, as mandated by Articles 169 and 170 of the 22
April 2019 Royal Decree establishing technical regulations for the management of and access to the
electricity transmission network. This is particularly important as such contracts often play a pivotal role
in due diligence processes for funding. We believe that demonstrating to banks and investors that
curtailment modalities are contractually defined is more persuasive than relying solely on Elia's discre-

Elia answer:

Elia provides clarification in Section 2.3.1

We take good note of these fair remarks. It is good to mention that the flex regime is currently being | 2.3.1
revised under the supervision of the CREG. The legal uncertainty created by the uncertainty on the

exact duration during which the access right will be "flexible" is one of the focus points. Workshops are
organized on this topic to elaborate a new Flex framework, in collaboration with the relevant stakehold-

ers. This new framework should be communicated begin 2025.

[S_05] [p.31] What is the power capacity of the 6 220 kV AC cables? Can the full power of the OWF still be
produced if one of the 220 kV AC cables is out of service? Can the full power of the OWF still be
produced if the DC-system is out of service?

Elia answer:

Elia provides clarification in Section 2.4.1

Regarding N-1 on AC cable: see answer to item [O_104]. 24.1
[O_104]

Regarding outage of the DC system:

- in split node, consequences are obvious: 1400 MW go to 0 during the whole repair time.

- in single node, the curtailment effort will be shared on the 3500 MW as the 6 AC cables are not

dimensioned to welcome 3500 MW wind infeed.

[S_06] [p-31] Can all 6 220 kV cables still be used if one of the 90 MVAr reactors is out of service?

Elia answer:
Elia provides clarification in Section 2.4.1

241
Yes, possibly by activating MVAr services (which OWF connected to the Princess Elisabeth Island are
required to offer).

[S_07] [p-31] What is the power rating of the HVDC step-up transformers ?

Elia answer: 241
Elia provides clarification in Section 2.4.1
[S_08] The 400 MVA 66/220 kV transformer per 350 MW OWF block is a single point of failure in the system.
Please confirm there is no spare transformer on the island. Is there space on the island to install an
extra transformer when required?
Elia answer: 241

Elia provides clarification in Section 2.4.1
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[S_09] [p.33] “The connection of the two ends of inter array cables as shown in illustrative figure 20 will remain
feasible for power supply for auxiliary services. However, Elia emphasizes that in this configuration
connecting two inter array cables on the busbar 66 kV is strictly prohibited.”

It seems that it is only allowed to have looped infield strings for auxiliary power purposes. What about
maintaining full load of 1 string connection during lower wind conditions (e.g., due to 1 inter-array cable
failure), as long as the WTGs are curtailed to 87.5 MW of injection in 1 string entry? On p.34 even that

is not required: “No maximum injection or maximum installed capacity is imposed per 66kV string”, only

per 350MW block (and which cannot exceed 380/400MVA?)? Please clarify.

Elia answer:

Elia provides clarification in Section 2.4.2 2.4.2

[S_10] [p.41] Please confirm if the watertight cable transits through the secondary wave wall are to be installed
by the OWF developer or ELIA?

Elia answer:

Elia’provides clarificatiorrin Section“2:4 24
Roles and Responsibilities of each party will be clarified in the Interface Matrix which will be prepared

by Elia. The Interface Matrix will be shared for the tender.

[S_11] [p.41] Cable crossing are as much as possible avoided in the land area / drainage buffer zone. What

measures will be taken for cable crossings which are unavoidable? Seems to be the case with (future)
DC interconnection cables.
Elia answer:
Elia provides clarification in Section 2.7.1
271
Inevitable cable crossings will be performed as per onshore standards. Cable trays are to be foreseen
to ensure physical separation. Roles and Responsibilities of each party will be clarified in the Interface
Matrix which will be prepared by Elia. The Interface Matrix will be shared for the tender.

[S_12] [p.41] Which constraints apply to be able to work in the drainage buffer zone? Is space available to

drive a mobile crane ?
Elia answer:

28.1.2
Elia provides clarification in Section 2.8.1.2

[S_13] [p.41] Can Elia provide information/provisions regarding fixing of de-armoured cables in the designated

route by means of cable cleats?

Elia answer:

Elia provides clarification in Section 2.7.1 071
Cable routing and cleating is part of the scope of works of the OWF.

Roles and Responsibilities of each party will be clarified in the Interface Matrix which will be prepared

by Elia. The Interface Matrix will be shared for the tender.

[S_14] [p-42] What is the height of the cable cellar underneath the AC substations? Is there a universal cable
support system provided by ELIA or is it up to the OWF developer to design this?
Elia answer:
The height of the cable cellar underneath the AC substations cannot be communicated at this stage of
the project. The top of the concrete foundation plate below the AC substations will be located at mini- !
mum -1.5 m from the ground level. A universal cable support system below the modules will be provided
by Elia. Cleats and installation in scope of the OWF owner.

[S_15] [p.55] What are the applicable power quality requirements on the 66 kV busbar?
Elia answer:
Elia and connecting Client installations adhere to the relevant Synergrid regulations (more in particular /
C10/17)

[S_16] [p.55] Is there a limit on the maximal inrush current of the transformers inside the wind turbines?

Elia answer:

No, the Client installations are however required to adhere to the Synergrid regulations. This could
affect the energization sequence of their installation, the use of Point-on-Wave switching, dampening
resistors, amongst others.
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[S_17]

[p.66] Can we get insight in the study how it was concluded to choose the new voltage boundaries on
95% and 105% instead of 90% and 110%? What assumptions were taken into account?

Elia answer:

Elia provides the clarification in Section 3.4.1.2

3.4.1.2

[S_18]

[p.78] The torque-based control of the SSTD results in active power variations which causes forced
oscillations in the electrical system in the frequency range of 01 — 0.3 Hz.

Further onwards on p.79 this range is extended from 0.1-2.0 Hz. Why is the range 0.3-2.0 Hz also
taken along as a restriction? Does it furthermore mean that if the resonance frequency of the WTG’s
are outside of this range (below 0.1Hz or above 0.3 or 2.0Hz) , there would be no specific requirements
from ELIA and the WTG’s can excite the active tower damping without limitations (hence active power
oscillations to be allowed outside of these ranges)? p.79: “frequency ranges as specified in table 2 and
voltage ranges as specified in table 10” these 2 tables are not provided in the PDF. Please provide.

The pro
decided:
modes.

Elia answer:

Elia provides clarification in in Section 3.6.3

osed requirement is the result of common discussion between ENTSOE and WindEurope who
to extend the range to the one which might potentially put at risk interaction with inter-area
LIA doesn't intend_to ao further than what has been proposed by ENTSOE and WindEurope.

3.6.3

[S_19]

[p.101] What are the criteria for model validation? What accuracy is required? Specific criteria are
needed?

Elia answer:

Elia provides clarification in Section 3.9.2

3.9.2

[S_20]

The cos!

becausd
alleviatg

In case
to the ay
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[p.111,112,115] The Public Consultation examines what the ideal setting for the PEZ would be, includ-
ing bidding zones, pricing mechanisms and market design. One of Elia’s key points of attention is the
fact that post-Brexit capacity on the UK border, market participants have to “separately buy and nomi-
nate cross border capacity in order to exchange energy between the UK and Europe”. To solve this,
Elia mentions that there should be optimisation reachable through “a return of the UK to the European
single implicit price coupling, the application of an Offshore Bidding Zone and the rollout of Advanced
Hybrid Coupling.” There seems to be other variables as well. The Public Consultation stresses that
“multiple scenarios are possible” which depend on “the exact go-live date of the Nautilus and TritonLink
interconnectors” and “the feasibility to operate the Princess Elisabeth Zone as single node (coupling
the offshore wind farms connected to the AC and DC side in the Princess Elisabeth Island)’ and “the
policy choice of a return of the UK to the European single implicit price coupling” as well as “technolog-
ical developments enabling a meshing of HVDC interconnectors (DC circuit breaker).” The multiple
points raised within the report denote an in-depth diligence by Elia in the multiple configurations that
can occur in the PEZ and what is optimal for investors. Unfortunately, most of the above falls outside
Elia’s control.

Based on the scenarios set out in the Public Consultation, Storm generally does not object to a mech-
anism of Offshore Bidding Zone and implicit price coupling as this indeed seems an efficient and open
market-based system. However, we understand that Elia’s preference is still not fully implemented and
heavily depends on policy choices (including from a non-EU actor, which so we understand only un-
dertook very limited legislative or regulatory steps). If as a consequence of such policy choices, Elia’s
preference is not followed and a different model is opted for (e.g., the Home Market model, retaining
standard hybrid coupling, etc.) we would recommend foreseeing as a minimum sufficient compensation
it Sinciann dexslopers b cane oS s freessling aiar,gedina o projects nol being able to nject
@j &&ﬂlﬁiﬁﬁm&@d@ Brojects should ot bear the costs.for any such forecasting errors.

#liadamsimelon of wind infeed triggers a redispatching cost as Elia has to intervene to
congestion

n&Eliarprovides:clatfications in,Section;2-3 iegarding.split node operation and in Section 4.3.1 regarding
ptheleensequenceiof splittrode operation on the scope of the OBZ.

2.3
431

289



Elia | Technical report — Final outcome of the Task Force Princess Elisabeth Zone

[S_21]

[p.125] Available Active Power” or “AAP”: We wonder if the TSO will rely blindly on the AAP “calculated”
by the SCADA system of the WTG supplier of the bid’s winner. What about more exotic suppliers with
whom ELIA has no experience yet? AAP could be over or underestimated. How is this checked?

Elia answer:
Elia provides clarification in Section 4.4.3

It is first important to note that Elia does not have the responsibility to execute the settlement for the
subsidy scheme, but that this is a competence assigned to the regulator. Secondly, while Elia has
observed positive results in using AAP for baselining, it is our understanding that the regulator has
certain rights to verify the accuracy of AAP and if needed correct the value. It is the bidder's responsi-
bility to ensure accurate data is delivered.

4.4.3

(S 22]

Balancing design — Implementation connection requirements

[p.147-148] The Public Consultation states that the technical capabilities to deliver the mitigation
measures will be “imposed by Elia through the connection requirements” linked to the tenders for off-
shore wind concessions, and that the operational procedures themselves are “subject to regulatory
approval and might also be subject to system evolutions towards 2029 - 2030.”

While Storm acknowledges the necessity of mitigation measures for storms and ramping events and
values Elia's provision of information on the design principles, it would appreciate additional details on
how these measures will be enforced by Elia and the resultant impact on connection requirements. For
legal certainty, it would be beneficial for Elia to offer an overview of how it intends to incorporate these
mitigation measures into their connection requirements, potentially contingent on regulatory approval
and/or changes.

It clarifig
Limitatic
first Ter
the miti
around

Elia answer:

Elia provides clarification in Section 5.9 .

s that the technical capabilities to deliver the High Wind Speed Technologies, Ramp Rate
ns and the Preventive Cap will be specified by Elia in the connection requirements for the
dering phase. It also clarifies that the operational procedures for triggering and activation of
ation measures will be specified in the regulatory framework, after submitting the proposals

or approval to CREG around 2027. Elia clarifies in the report via which framework each miti-
Lk .

5.9

(S 23]

Balancing design — Preventive Cap

[p.148-150] We understand that in addition to mitigation measures for storms and ramps, Elia also puts
forward a "preventive cap," involving a real-time injection limit.

Storm favours maximal injection of the produced electricity but also understands that measures for
storms and ramps are necessary. In any event, Storm emphasizes the importance of providing advance
publication of the precise limit to be imposed, allowing bidders to factor this into their considerations.
The “preventive cap” should thus be published in a very precise manner. Any injection limit should be
minimized to what is strictly necessary for system adequacy and safety reasons. This approach would
enable the market to autonomously determine when electricity is injected or withheld in all other cir-
cumstances. Such approach would also best fit with the “market first approach” advocated by Elia on
page 212 of the Consultation.

Elia answer:

Elia agrees on providing maximal transparency on the activation of the mitigation measures to the
market. On the “preventive cap”, Elia refers to the explanations given in Section 5.8.2.1 where it elab-
orates on the publication of the limit (referred to as an expected operating margin in which the wind
parks can operate).

5.8.2.1

iS 24]

Balancing design — Remuneration

[p.149] In its report, Elia states that, under the selected subsidy mechanisms (a capability-based con-
tract-for-difference complemented with the possibility of a power purchasing agreement), no financial
compensation or limit on the amount of activation of the mitigation measures is recommended. This
decision appears to be based on Elia's belief that the impact of the mitigation measures on the business
case of the wind farms is anticipated to be limited. Additionally, Elia argues that allocating the costs to
market players responsible for the system security risk and the activation of mitigation measures is
equitable. Lastly, Elia contends that this approach preserves the right incentives for market parties to
balance.

Storm contends that relying solely on the expectation that the "effect of the mitigation measures" will
be limited offers insufficient legal certainty for project financed wind projects, particularly for lenders
and investors in such projects. In this regard, introducing some form of limit on the activation of mitiga-
tion measures would provide justified assurance. If an outright limit is deemed unacceptable, it might
be worth considering compensation for the wind farms if a specified threshold is surpassed, while still

allowing the activation of such mitigation measures.
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Elia answer:
5.1,
On the general design principles and remuneration of the mitigation measures, Elia refers to the argu- | 5.7,
ments given in the executive summary on balancing (Section 5.1) and in the introduction of Section | 5.7.3.3
5.7. On the recommendation to provide activation limits, Elia also refers to Section 5.1 and 5.7.3.3.
[S_25] Balancing design — Bidding obligations
[p.188] Is aFRR and/or mFRR patrticipation mandatory by PEZ 1, or optional? Please clarify.
Elia answer:
5.8.3.2
Elia provides clarification in Section 5.8.3.2
[S_26] Balancing design — HWS requirement
[p.212] HWS / HWRT: “until 31m/s” as clarified on p.213 this relates to 10min avg. values. These Deep
HWS curves are based on storm shut down technologies as they are already installed in the latest of
the commissioned offshore wind power plants in Belgium. Based on discussions with turbine manufac-
turers and inputs received from the Technical University of Denmark, these technologies are expected
to be a standard feature for offshore wind turbines. Furthermore, no fundamental remarks were re-
ceived from stakeholders when discussing the assumptions in April 2022 within the Task Force.”.
We do not fully agree with this statement. One of the recent wind farms has a WTG shut down at 28
m/s 10 min avg. Furthermore: for structural integrity, WTG’s can shut down during lower 10min avg
intervals when high wind gusts occur. To be clarified by ELIA that this is allowed. No restrictions were
imposed on smaller time intervals.
Elia answer:
Elia refers to the additional clarifications given in Section 5.7.1.1 (including modifications on the shut- 57.1.1
down requirements during lower than 10-minute average intervals).
[S_27] General requests: ELIA to provide asap a complete set of grid code compliance documents that can
be back-to-back included in the Employer Requirements of the WTG contract.
Elia answer:
151
Elia provides clarification in Section 1.5.1
[S_28] General requests: ELIA to provide a generic logical diagram for all forms of interactions between the
wind park controller and the TSO.
Elia answer:
/
Elia cannot provide such information and this for any PPM connection
Otary [O]
[O_1] "Besides the switchgear, there are rooms foreseen for utilities, control and protection cabinets and one
room for each OWF."
What are the amenities (HVAC, fire fighting, deskspace, floor characteristics, access facilities, etc.)?
Only provision of aux.power is mentioned in 2.9.4..
Elia answer:
Elia provides clarification in Section 2.9.5 205
HVA/C, Fire Fighting, table NEN-EN 152, 4 chairs NEN-EN 1335 in the OWF room will be provided by
Elia.
[0_2] Is (part of) the warehouse also available for the OWFs?
Elia answer:
Elia provides clarification in Section 2.9.5 2.9.5
No warehouse facilities are foreseen
[O_3] “One of the modules will be equipped with a heli deck.”
Looking at phasing of works, is it the intention to have the heli deck on one of the phase 1 modules, (i.
e. ready to use for Construction works of the 1% concession?)
Besides that, the heli deck is indicated on Facility Module and not on an AC module as described.
Please clarify.
Elia answer:
Elia provides clarification in Section 2.6.1 26.1
The helideck will be available at the same time the first module for the 700MW connection will be
available
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[O_4] Currently, no offshore crossings within close proximity of the island are foreseen. However, offshore

crossings cannot be avoided for future interconnectors."

we can see cable routes until border of concession zones?

e.g. for IAC thermal design?

Please define all cable corridors and safety zones in the entire PEZ, which includes the area between
'kavel 1' on one hand and PEZ 'kavels 2 & 3' on the other hand. What will be the exact routing of the
Nautilus and Triton connection in de PEZ? In other words, can you provide a zoom out of Figure 25 so

Are crossings foreseen with future interconnectors? If so, are there specifications to take into account,

Please issue more detailed cable routing drawing indicating interdistances between different cable im-
mediately leaving the island and after eg 100, 200m? Is there an AutoCad or GIS file available?

Elia answer:

Elia provides clarification in Section 2.7.1

is to be expected.
- These crossings will be made in compliance with applicable standards.

currently under elaboration.
- Relevant documents (including GIS files) will be shared for the tender.

- The routing of Nautilus and Triton is still preliminary and depends on multiple parameters.
- Based on current knowledge, an offshore crossing between IAC and at least one future interconnector

- Proximity agreements will be required to work in the vicinity of The Princess Elisabeth Island, inside
The cable corridors and in The vicinity of The wind farm concessions. The Proximity agreements are

2.7.1

[O_5] Why are Corridor for inter-array cables parcel 1 and Corridor DC interconnectors (Nautilus + Triton) not
centered in corridor between parcel 2 and 3 + corridor width has potential to enlarge resp.cable corri-

dors ?

Elia answer:

Elia provides clarification in Section 2.7.1

corridors for the IAC are also preliminary at this stage.

The routing of Nautilus and Triton is still preliminary and depends on multiple parameters. Hence, the

271

[O_6] What is ELIA's vision on cable repairs and requirement for spares? Was an assessment performed by
an experienced party how to repair a cable (WTG 1 - island) in current set-up with the limited interdis-

tance between the cables as we get closer to PEI?

Elia answer:

Repair scenarios and identification of required spares is the responsibility of the OWF.

[0_T7] Figure 25:

cables of the PEZ kavel 2 south-west part need to be routed to Phase 1 module AC?

Phase 1 AC Module? Impact? Proximity agreements to be foreseen in such cases?

Corridor for inter-array cables parcel 2: Not sure why the southern corridor is split. Is this because

In case the capacity of PEZ kavel 2 north-east is below 350MW (see Arcadis permit application figure
3 page 12, indicating 260MW). Are crossings in the culverts to be expected while routing towards the

Elia answer:

Elia provides clarification in in Section 2.7.1

sides of the Princess Elisabeth Island.
- Parcel 2 is split over 2 substations:

* IL1RD in North of the island for up to 350MW
* IL1BU in the South of the island for up to 1050MW

versa).

There is a limited amount of J-tubes on each side of the Princess Elisabeth Island. Hence, it has been
calculated that the IAC originating from parcel 2 will have to be distributed between the South and West

This ensures that no array cables have to be routed over the energy island from South to North (or vice

The split in south is to allow maximum spreading of the cables around the perimeter of the island.

2.7.1

[O_8] Scour protection design and CPS rock berm protection design of incoming cables (if deemed required?)

must have combined design. Please clarify whether this will be foreseen by Elia.

Elia answer:

within the scope of works of the OWF.

by Elia. The Interface Matrix will be shared for the tender.

The Energy Island will be surrounded with scour protection to ensure the safety and integrity of the
island. It is up to the OWF to determine if a CPS is required and if this would need to be stabilized or
not. The design, engineering, supply and installation of the CPS and of the stabilization system are

Roles and Responsibilities of each party will be clarified in the Interface Matrix which will be prepared
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[0_9] We understand from recent press announcements, that ELIA is considering to include ‘chaotic scour
protection' and ‘place large boulders here and there' (https://www.elia.be/en/news/press-re-
leases/2023/11/20231113 elia-takes-seven-measures-to-enhance-biodiversity-around-the-princess-
elisabeth-island).

Please explain how this will be aligned with an efficient (and object free) cable routing?

Elia answer:

The Nature Inclusive Design (NID) elements related to the seabed are mainly focused around the cor-
ners of the Princess Elisabeth Island, where no cables are anticipated.

[O_10] Please specify number of cable and spare entries foreseen per PEZ lot for inter array cables / Inter-
connectors / export cables.

Elia answer:

The relevant information will be shared for the tender.

O11
[ ] What are the means to temporary hang-off the cables?

Elia answer:

Several strong points will be foreseen within the hang-off room to temporary secure the cable during
pull-in (to allow f.i. to re-rig for overpull operations).

Elia will share the relevant detailed design documents for the tender.

[0_12] Please confirm ELIA is fully responsible and liable for the design of the cable landing and routing, on
the Island, including J-tubes and pull-in. This responsibility must also cover any consequential damage
(e.g. to connecting infield cables) including physical damage and consequential business interruption.
ELIA should — in our opinion — take the lead to prepare a detailed design of this interface, which can
be included in the tender documents.

Elia answer:
Elia provides clarification in Section 2.7.3
The design of the Princess Elisabeth Island includes scour protection and J-tube to accommodate the

IAC from the OWF. The pull-in and routing of IAC towards and on the PEI is within the scope of works
of the OWF.

2.7.3

Roles and Responsibilities of each party will be clarified in the Interface Matrix which will be prepared
by Elia. The Interface Matrix will be shared for the tender.

[O_13] Please provide more detailed information regarding the cable landing, -pull-in and -routing. On the basis
of the current information it is not possible to evaluate the interface. This must include:
- DWGs

- Track record of this design (required for financing!)

- 3rd party design review & certification

Can cable routing be performed on the different cables in parallel? We would expect this to be the
case. In other words, please provide detailed culvert design.

Trefoil routing taking into account, which alter course/MBRs are taken along in the design?

Elia answer:

Elia will share the relevant detailed design documents for the tender.

[O_14] Please elaborate how the recent problems with CPS has been / will be mitigated in the current ELIA
design (https://nardac.com/sharing-insight-on-defective-cable-protection-systems/). Solution on export
and infield cables might be different, even infield cables coming from different directions might need a
different solution.

Elia answer:
The design, engineering, supply and installation of the CPS are within the scope of works of the OWF. /

Roles and Responsibilities of each party will be clarified in the Interface Matrix which will be prepared
by Elia. The Interface Matrix will be shared for the tender.

Please issue detailed J-tube design inside the caisson including curvature / dimensions and interface

(SR with resp. scour protection / belmouth / hang-off.
Elia answer:
/
Elia will share the relevant detailed design documents for the tender.
[O_16] How is marine growth inside J-tube mitigated (e.g. pull-out discs)?

Elia answer: 2.7.2
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The J-tubes will be sealed with pull-out discs to mitigate the risk of development of marine growth inside
the J-tubes. These discs will have to be pulled out by the OWF prior the installation of the cable.

Elia will share the relevant detailed design documents for the tender.

Roles and Responsibilities of each party will be clarified in the Interface Matrix which will be prepared
by Elia. The Interface Matrix will be shared for the tender.

[O_17] It has two entry holes above each other to accommodate for installation tolerance of the scour protec-
tion."
- What is anticpated scour protection installation tolerance?
- Will cable stiffness allow for short (?) bend after j-tube exit and subsequent conic (?) approach to-
wards hang-off?
- Are there reference projects / lessons learned of projects with 2 entry holes located above each other?
Elia answer:
Elia provides clarification in Section 2.7.2
- The scour protection installation tolerances are based on the Rock Manual (CUR683) and is function | 2.7.2
of multiple parameters like the rock size, the installation method, etc. The tolerances will be shared for
the tender.
- Height of entry holes has been derived taking into account the relevant DNV recommendations.
- For reference, monopiles with several apertures above each other have been designed and installed
in the past.
[O_18] Please issue scour protection design plan view and cross/longitudinal section (fig 27) including dimen-
sions to assess cable pull-in, both length to assess vessel position vs pull-in point as well as whether
CPS can avoid being dragged over scour which is ideally the case.
Elia answer: )
Elia will share the relevant detailed design documents for the tender.
Scour protection design appears to be indicated too high compared to heading of J-tube entry, there
[O_19] should be more space available, especially when taking into account scour protection installation ac-
curacies.
Elia answer:
/
Height of entry holes has been derived taking into account the relevant DNV recommendations.
From an efficiency point of view, why does Elia not foresee pull-in means in the hang-off room? Each
[0._20] OWEF to design/deliver/remove their pull-in means, whilst this will be similar for several cables and the
— means could be stored on the island? How could tripod be installed, is area large enough and has
sufficient bearing force? Is there a (shared) pull-in winch available?
Elia answer:
Elia provides clarification in Section 2.7.3
Pull-in of the IAC on the Princess Elisabeth Island is the responsibility of the Windfarms. The disposal 2713
of Elia equipments present on the Princess Elisabeth Island to the Windfarms as well as the condi-
tions attached to the disposal of this equipment will be described in the Proximity Agreement of the
Princess Elisabeth Island. Elia will share relevant documentation for the tender.
[O_21] Is there a (modular) cable support system available in the hang-off room and below the GIS?
Elia answer:
Roles and Responsibilities of each party will be clarified in the Interface Matrix which will be prepared /
by Elia. The Interface Matrix will be shared for the tender.
[0_22] Aim to have cables running in trefoil or immediately untwist in separate cores in hang-off room?
= Please share more detailed drawings of the hang-off room to assess feasibility.
Elia answer:
/
Elia will share the relevant information for the tender.
[O_23] How can non de-armoured cable overlength be routed/guided?
Elia answer:
Routing of IAC on the PEI is within the scope of works of the OWF. Roles and Responsibilities of each | /
party will be clarified in the Interface Matrix which will be prepared by Elia. The Interface Matrix will be
shared for the tender.
[O_24] How is a safe access guaranteed to ensure people can access the hang-off rooms? At which weather

and tide criteria will the hang-off room not be accessible? Is it correct that water will be passing at the
drainage channel also when performing cable pull-in/cable routing works? If these criteria are set with
low workability, this will potentially have a (large) impact on the pull-in/routing duration.
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Elia answer:

(1) The hang-off room can be accessed by ladder. An anchor point above the ladder will be foreseen
to attach a fall protection system such as Self Retracting Line.

(2) Weather restriction for accessing the hang-off room are not yet determined. However, multiple as-
pects were considered to limit the influence of the tide on the access of the hang-off room such as the
height of the hang-off room floor compared to the sea level and also the presence of a water outlet
non-return valve below the floor of the hang-off room.

[O_25] Hang-off and earthing connections / cable support system will be subject to increased corrosion pro-
cesses in comparison to climatized cable deck on OS1ST. (Preventive) Maintenance frequency (in a
restricted access room) to be avoided as much as possible. How will the earthing points in the hang-
off room be executed by Elia?

Elia answer:
Earthing point connected to the earthing grid of the Princess Elisabeth Island will be provided in the /
hang-off room. Elia will share the relevant detailed design documents for the tender.

[O_26] Access through (Imx1mx 0.15m) lids to culverts of land area and drainage buffer zone; is this also a
restricted access confined space work place?

Elia answer:

Whether or not the culvert is considered to be a confined space will depend on the activity to be per-
formed.

For example, in the case of activities requiring a single lid to be opened, the culvert will still have a /
closed nature or the possibility of a hazardous atmosphere. The culvert will therefore, in this scenario,

be considered as a confined space.

On the other hand, when activities requiring several lids to be removed, such that the culvert does not
have a closed nature and that there is no risk of hazardous atmosphere, the culvert will not be consid-
ered as a confined space.

[O_27] Please indicate how many sea cables/land cables are to be installed in one culvert? It appears that not
each cable will have its own culvert. Thermal interference might be possible
Elia answer:

/
Elia will share the relevant information for the tender.

[O_28] How is the thermal conductivity of 1W/m.K defined? And is it valid over the entire cable trajectory on

the island?

Elia answer:

The thermal conductivity of the concrete for the culverts in the Land Area is defined based on the /
applicable standards.

[O_29] Gas works in case of termination plug-in and cable testing (VLF/Damped AC) are considered to be
executed by Elia or Elia contractor - please confirm.

Elia answer: 2.8
Elia confirms gas works will be executed by Elia or Elia contractor

[O_30] Connection Requirements - Secondary systems - Signal exchange
Why does Elia specify lifetime and redundancy requirements for measurement converters / devices
which will remain property of the wind farm developers? This should be the choice of the wind farm
developer.

Elia answer: 2.9
Elia listened to the feedback to not impose an Elia approved convertor. As the wind farm developer
solution will be integrated in the Control & Protection room of Elia, Elia specifies requirements to be in

line with the existing standards.

[O_31] The limitations of lifting capacity at the quay side are clear, but what is the view on transportation &
handling of items on the island? (forklifts/cherrypickers/cranes/dollies...) Limitations? Tools available?
Who can operate and use?

Elia answer: 2.6.4
Heavy duty forklift, cherrypicker and mobile crane are available on the island which can be used for the

OWEF, but will be operated by the Elia staff (request shall include lifting plan to be submitted upfront
following Elia standards)

[O_32] Can the quay side crane be operated by the OWF staff? Quid responsibilities regarding the crane/infra

Elia versus the lifted 3rd party load?
Quayside crane can also offload eg containers from supply vessel? Or only from CTV in CTV harbour?
Please specify the crane capacity in function of reach distance (diagram)
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Elia answer: 2.6.3
Quay side crane will be operated by the Elia staff (request shall include lifting plan to be submitted
upfront following Elia standards).
Depending of the location of the cargo on the vessel, the weather conditions and the weight/load of the
containers, the quay side crane can be used for lifting containers from a CTV (due to the better sea-
conditions lifting from CTV in the CTV harbor can be more feasible).
Lifting from a supply (or any other than a CTV) vessel at the quay side cannot be guaranteed at this
time, depends on the detailed engineering (lifting diagram) of the quay side crane.
Lifting diagram is not available. The capacity will be 6t.

[O_33] Please confirm the availability of a spare transformer 220/66kV and spare of the major switchgear
components as well as a shunt reactor
Elia answer: 24.1
Spare transformer will be available on the island, as well as a spare auxiliary transformer. No spare
shunt reactor will be foreseen. Spare parts of the major switch gear components will be foreseen ac-
cording to the general Elia asset strategies.

[O_34] Can the 66kV voltage transformers thermally unload the length of an entire string of 66kV cables?
Please provide number of sequential switching operations and cool down period.
Elia answer: SLD
As the VT design is not yet confirmed, we will add this info in the tender documents.

0_35

[0_33] It is assumed 48 fibers are dedicated to each OWF. Please confirm.
Elia answer: 293
Elia provides clarification in section 2.9.3
Elia confirms that 48 fibers will be foreseen for each OWF

[O_36] Please share more detailed concept / design of optical fibre interface, including a.o. routing from hang-
off up to splice box.
Elia answer: 293
Design is not yet made. The design will be based on the equivalent concept of MOGL1.

[0_37] It is correct that the fibers will be combined in one export cable trajectory or split over multiple (min. 2)
export cables for redundancy and risk mitigation? We obviously prefer the second solution.
Elia answer: 293
Split over multiple (min. 2) will be foreseen.

[O_38] Will there be any space on the island (or Gezelle) to include a limited operating room for the OWFs (in
view of a contingency plan for a.o. cyber security and/or in case of calamities). This is highly recom-
mended and therefore formally requested.
Elia answer: 2.6
Offshore/On the island: OWF room (40m2) / Onshore: space/layout for OWF shelter with a max. dimen-
sion of 3,8x12m per OWF shelter will be provided.

[O_39] Can Elia provide the necessary high quality and redundant utilities to the OWF shelters at GEZEL?
Elia answer:
OWF shelter is in property of the wind farm developer. Elia will provide a 2x24 optical fibers to each 293
OWEF shelter.

[O_40] Additional requirements related to active power oscillations: can Elia provide the requirements based
on the final and agreed version of the text composed by Entso-e, WindEurope and other stakeholders?
Also confirm the default values have been considered in the evaluation of the existing OWF's and will
be used as standard requirement for the PEZ OWF's
Elia answer:
Elia provides clarification in Section 3.1 & 3.6.4 318364
The requirement provided in the public consultation is the one which was proposed by ENTSOE and
WindEurope. Elia confirms that default values will be used for the conformity of PEZ OWFs.

[O_41] The Dynamic and Harmonic requirements must be in line with normal industry practice and rest of EU

without increasing the requirements and thus impacting the strike price. Please confirm.
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Elia answer:
Elia confirms that proposed requirements have been addressed taking into account the industrial ca- 3
pabilities.
[O_42] " 1. Criteria to determine which type of simulations will be needed to prove conformity depending on
the type and size of the installation and screening index accounting for the potential risk of interaction
with nearby relevant assets;" Please explain what a "screening index" is?
Elia answer:
A screening index is a value that is usually easy to compute and will give an indication whether the | /
analyzed case is potentially exposed to risk or not. In the case of risk exposure, further detailed analysis
will be necessary.
[O_43] Please explain the relevance of sub-synchronous control interactions between IBRs and series com-
pensated lines in the Belgian context
Elia answer:
The paragraph provides a general description of the impact of penetration/concentration of IBRs on | 3.2
new stability phenomena. The example provided is illustrative and is not meant to be applicable to the
Belgian system.
[O_44] The 6th bullet does not comply with the VSP service in compensator mode. Please explain applicability.
Elia answer:
The 6th bullet applies in case that the reactive power is not controllable in this range. Should it be 34.1.1
controllable as in the case of Type 4 wind turbines, the VSP compensator mode applies.
[O_45] The 7th bullet: please explain the applicability of figure 45 (type C PPM) for type D PPM. It seems
contradictory with bullet 1, 2 & 3.
Elia answer:
3411
This text is extract from the existing requirement applying to type C and type D PPM.
[O_46] It seems contradictory that on one hand the voltage at 66kV will be maintained at 66kV +1% and on
the other hand the voltage control is referring to a voltage range of +5%. Besides that the reference
voltage is measured at 220kV side for voltage control.
It is further explained in chapter 3.4.2, but why is the voltage control explained in chapter 3.4.1, refer-
ring to Un 66kV, as chapter 3.4.1 handles P/Q capability?
Elia answer:
The range +/-5% is chosen to guarantee some dynamical margin in case of sudden change of system 34.1.3
voltage, while the tap change of the transformer will take some time to react.
[O_47] Figure 46 & 47 refer to type C while the single strings are expected to have an installed capacity >
75MW. Reference to type D should be more correct, even if the values are the same for both types.
Elia answer: 3413
The new requirement is applicable to the units connected to the PEI.
[O_48] Unorm. exp is that 220kV or 225kV? 1pu?
Elia answer:
3423
225 kV will be the exploitation voltage
[O_49] Slope value of 2-7% is mentioned. What will be the default value?
Elia answer:
3423
To be defined during system studies to be performed during connection process.
[O_50] Please define "connection point" in this regard.
Elia answer:
It must be possible to define a reactive power point per each 220/66kV transformer to which the power | 3.4.3.3
park is connected. The wind park will have to implement this accordingly. Text in the requirement is
adapted.
[O_51] Can it be assumed that the control mechanism is identical or comparable with the MOG | mechanism?
Voltage after SP MVAr execution is the new voltage reference?
Elia answer:
3.4.3.3

Yes, the control mechanism has the same philosophy as in the MOG I.
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[0_52]

Please explain last bullet of this page: "+ Active and reactive power control should be decoupled (e.g.
through automatic adaptation of the grid’s R/X ratios)".

Elia answer:

This means that a change in the reactive power should not have an impact on the active power and
vice-versa.

3.45.3

[O_53]

Can you indicate the maximum available time to deactivate the fast reactive current injection? The
OWEF control rooms are generally not 24/7 manned.

Elia answer:

The activation/deactivation shall be performed in a reasonable time considering the delay for the oper-
ator to perform the deactivation. There is not strict maximum time required.

351

[O_54]

Please define "connection point" in this regard. (See also same question for paragraph 3.4.3.3)

Elia answer:

The compliancy to the HVRT is defined as for the requirement of LVRT at the 66kV connection point
with the ELIA substation. Text on the current document is adapted.

3523

[0_55]

In the past meetings took place between OWF and Elia about the contribution of active power during
the restoration process. Blocks of 50mW depending on wind availability were defined. Is this also ap-
picable for PEZ?

Elia answer:

Yes. The re-energization of the PEZ will be realized by Elia only when the main grid is sufficiently strong
to accept blocks of 50 MW wind injection in a stable way. Before reconnection of the OWF, a voice
communication should take place between the control center of Elia and the OWF, through a black-out
proof voice communication system.

3.7.2

[0 56]

Response time of 30" is in theory possible, but individual WTG errors might occur that require manual
reset or even a visit from the maintenance team. Hence 100% avaiability of the entire OWF can't be
guaranteed on that short notice. Please confirm this is also understood by Elia.

Elia answer:

Elia expects the OWF to be able to be resynchronized on Elia’s request within 30 minutes. This does
not mean that all WTGs should be available. There are no impositions for a minimum amount of active
or reactive power. Elia understands that some individual WTGs might face an unforeseen problem. But
this should be an exception. A situation where all WTGs are not able to synchronize is not acceptable.

3.7.2

[O_57]

The ION might be required for the entire construction period. Will it be split up per string or 1 notification
for the entire OWF? 1 notification per connection agreement?

Elia answer:

The ION will be delivered for the OWF

3.8.9

[O_58]

As far as future connections are known, the statement makes sence, but as the wide area modeling
and simulations are pushed from the TSO towards the grid users, the latter will experience the same
IP problems as the TSO does.

The risk for the Grid User is considered too high, non conformities discovered during simulations can't
be allocated using the cloud based solution. Futher it can be very time consuming for the OWF owner
to perform simulations and to mitigate non conformities.

For that reason, we stay at our position that the TSO should perform wide area EMT simulations as it
has been done before. Otary considers this a red flag.

Elia answer:

A stable behaviour of the transmission system is not only in the interest of ELIA but also in the interest
of any Grid users. As explained in the document, the stable behaviour of IBRs is highly linked to the
design and tuning of its controls. In case of high concentration of IBRs, this design and tuning cannot
be done efficiently without taking into account the impact and interaction by closed-by large converters.
This impact and interaction cannot be captured in a Single Machine-Infinite Bus model. This is why Elia
believes that for the conformity ensuring stable behavior of the installation, SMIB based simulations
are necessary but are not sufficient and wide-area network based simulations are required. The com-
petence and responsibility for a correct design and tuning of the IBRs is fully at the grid user side. ELIA
performs the simulations and detect non-conformity, the grid user will remain not only responsible but
also the only competent party to assess possibilities to improve the design or the tuning of its installation
to solve it. In this respect, ELIA still believes that it will be more efficient if the grid user can directly
perform the simulations and get access to the result without being dependent on ELIA. In any case we
would like to highlight that Elia has performed EMT feasibility study using generic model and has fore-
seen grid reinforcement to secure stable operation and ELIA will remain responsible to facilitate coor-
dination and empower connecting parties with the provision of additional data, models, tools and
knowledge relevant to the planning and operation of wider Elia's system to the extent confidentiality of
the information permits, and to guide the connecting party with any questions arises during their studies.
The proposed approach will optimize the use of skills and capabilities naturally available to each type

3.8.7
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of organization promoting efficient collaboration and respecting OEM's IP restrictions, and will allow the
plant owner to investigate thoroughly any results that may not seem common sense rather than relying
on Elia's advice.

[O_59]

This is a statement that can have major impact on Committed PGM's. It should at least be subject to a
well described procedure, including a CBA and that takes into account the technical (im)possibilities of
the concerned PGM. Cost allocation of such adaptations to be discussed. Otary considers this a red
flag.

Elia answer:

Indeed, the process and conditions are described in the document in sections 3.8.8.1 Non-conformance
mitigation and 3.8.8.2 Proposal for improved conformity assessment process and shall be improved to
ensure as clear and fair conditions as possible. The number of case where a TSO might request an
investigation/implementation of change in the dynamic performance shall be reduced to 3 and the fol-
lowing equity criteria shall be added: Rotating application of the request of assessment/implementation,
starting from the oldest eligible Committed Asset and including ELIA Assets.

3.881&
3.8.8.2

[O_60]

How will the model testing be performed? What are the criteria used?

Elia answer:

The criteria for model testing are covered in detail in the technical Annex received during the connection
process. Such requirements were defined based on currently applicable standards.

3.8.9

[O_61]

Are Snomi & Snomj to be considered at string or at OWF level?

Elia answer:

Snom has to be considered at OWF level

3.8.9

[0 62]

7) Which part of the grid is represented in the SMIB model in Power Factory and PSCAD provided by
Elia?

Elia answer:

The SMIB will consist on an Infinite voltage source behind an equivalent impedance at the Access point
of the OWFs. The Power Factory and PSCAD wide-area model shall represent the real grid in a study
area around the Access point including the relevant Assets; the rest of the system will be represented
by Boundary nodes expressed as equivalent voltage sources.

3.8.9

[0_63]

(3): "solving potential non-conformities without causing disproportionate investments" is a vague state-
ment that offers no comfort and creates an open-ended risk. Otary considers this as a red flag, together
with comments #58, #59 & #64.

Elia answer:

In case of high concentration of large converters as it is the case on PEZ, stable operation of offshore
wind farms is becoming increasingly challenging with off-the-shelf wind turbine designs and settings.
As such site-specific tuning of the control system and sometimes the use of ancillary equipment such
as synchronous condensers may be required. ELIA has performed feasibility study using generic mod-
els which led to grid reinforcement decision to mitigate potential risk of stability in case efficient and
consistent design and tuning is used for the relevant asset. At the same time Elia is conscious about
the cost and time for each project, and it is our view that Elia's proposal allowing multiple possible
options will enable plant owners to come up with innovative but practical and most efficient solutions.
This includes best effort sharing between various parties, rather than allowing one option which might
result in a less efficient design, or efficient control system tuning as opposed to the use of synchronous
condensers. Nevertheless, ELIA will clarify that during collective assessment, only retuning of dynamic
performance of the controllers will be considered.

3.88.1&
3.8.8.2

[O_64]

(d) The statement "Full responsibility and cost shall be beard by the asset Owner under the following
conditions" is unacceptable and Otary considers this to be a red flag. From experience we know that
such changes as proposed parameter changes can be costly and time consuming. CBA should be
performed amongst Elia assets and other Committed owners to look for the cheapest acceptable solu-
tion. Cost share is another option.

Elia answer:

ELIA has defined and will further clarify the conditions when such need for retuning of performance by
an Asset Owner in this 5-year period might be required. Moreover, ELIA shall add an equity principle
to share the duty among the concerned relevant Asset: Rotating application of the request of assess-
ment/implementation, starting from the oldest eligible Committed Asset and including ELIA Assets.

3.88.1&
3.8.8.2

[O_65]

Stage 2-1: PGM owner: the models to be provided include the WTG's, the inter array cables and OWF
controller(s)? Please confirm

Elia answer:

Elia confirms this interpretation
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[0_66]

Can you please explain the ratio behind the statement "Each PEZ offshore wind farm shall have a size
350 MW and shall be connected the Elia transmission system on 66kV substation based on fully con-
verter driven solution." ? What is the reason to only mention fully converter driven solutions? Others
are forbidden?

Elia answer:

As long as the requirements are met, ELIA is not imposing a solution. Fully can be ignored.

3.8.9

[O_67]

5C: “Ensure correct quantity and quality of high-speed measurement systems are installed in the net-
work”

Does the PGM have to foresee high speed measurement at the connection point on a permanent or
temporary basis? We assume as long as required but temporary. How can this be matched with the
Elia statement that CT and VT windings will not be accessible for the OWF’s?

Can Elia provide details about the measurement requirements and data exchange?

Elia answer:

ELIA reminds that the formulation of the requirement is general and applicable for all connection. For
the OWFs connected to PEZ, ELIA is foreseeing authorizing PGM to connect their measurement de-
vices to the CT of ELIA. In any case, measurement devices installed by ELIA might also be used for
the monitoring during the tests.

3.8.8.2

[0_68]

Why is Elia stipulating limitations i.t.0. installed capacity? The decision to over-plant (and how much)
should be the Developer's choice, and only limited by the FOD Energy and/or the permits. Elia should
only limit injection capacity.

Why is the injection of every concession limited to 700/1400MW? Is there no benefit from grouping all
the connections on one island? We understand that the 'guaranteed’ injection would be limited to
700/1400MW respectively, but what if one OWF is temporarily down, can the available transmission
capacity not be provided for another OWF if that other OWF can use it?

Elia answer:

The limitation in terms of installed capacity in each concession will indeed be communicated in the "MB
kavels" (= Ministerial Decree Lots).

The injection capacity offered to each concession is tightly linked to the Grid Design of the PEI, which
has been elaborated to optimally integrate 3500 MW of offshore wind in the Princess Elisabeth Zone.
As explained in the section 2.4.1., the single line diagram consists in the juxtaposition of several building
blocks of 350 MW each. Each of these building blocks is operated independently on the 66 kV side.
The unavailability of some wind turbines will thus only free up injection capacity in the building block to
which these wind turbines are initially connected.

24.1

[0_69]

We understand that looping two IAC should be possible to, at least, support auxiliary services.
Please confirm the redundant distance protection settings on the PEI are adaptable, based on the string
length in looped configuration, where the loop is opened at any location and both IAC of te same loop
are connected to the 66kV busbar

Elia answer:

When the looping of two IAC is needed the parameter set shall be made by Elia and changed offshore
in the protection cubicle.

figure 20 &
29.1

[O_70]

CTV and Walk to Work transfers will be possible under supervision of Elia". During OWF works, 24/7
access can be facilitated/client representative of Elia can be asked to be present? Can OWF operators
and their Contractors also make use of heli transfers as from the start of OWF construction works?

Elia answer:

During OWF works, a 24/7 access for a vessel to Princess Elisabeth Island can be facilitated. The
vessel is allowed to dock either alongside the main quay side or to the berthing facilities within the CTV
harbor. However, this is only possible once a "Permit to Access" has been granted to the vessel, and
a valid transfer plan for the personnel has been created. It's important to note that the availability of
mooring facilities at different quays/berths needs to be taken into account.

As soon as an OWF owner requests to access the Land Area of Princess Elisabeth Island, an Elia
representative must be present. Elia representative can be asked to be present to facilitate 24/7 access
during OWF works.

From the start of OWF construction works, OWF operators and their contractors can use the helideck
for helicopter transfers, provided they meet Elia's requirements/procedures. The helideck must be
properly certified, and it must meet the standards.

2.6

[O_T71]

We assume that simplified procedures will be available for emergency operations (e.g. vessel approval)
and that for sailing within island boundaries (without any berthing or interventions) will be subject to a
permanent waiver; this is essential for LOT 2/ 3.

Moreover, it should not be more stringent than for current wind farms (e.g. ELIA getting access to REN
0SS).

Please elaborate.

Elia answer:

No simplified procedures will be available during the construction period. All contractors will be subject
to the same procedures. Once the construction period is completed, other procedures might come into
force.

2.10
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[0_72]

What kind of planning is required here? We presume only for the activities that are related to the PEI
(cable pull-in, termination and connection to GIS, and Energisation of WTGs). Please confirm.

Elia answer:

The planning process should encompass all activities that may be linked to or may impact the PEI
project. This planning should enable Elia to verify whether different activities can be performed simul-
taneously without any conflict or risk. Notably, the planning should include cable pull-in, termination,
and connection to GIS, energization of WTGs, and access to PEI.

2.10.1.2
further

and

[0_73]

Planning for high level RAMS seems to be requested very early, this seems too conservative.

For example, submission of high-level RAMS 18m prior to start or 6m ahead providing list of equipment
/ vessels and e.g. 6-week ahead vessel inspection by Elia seems very conservative.

In this respect, timing for commitment to start-up dedicated interface meetings would make more sense.

Elia answer:

Elia requests high-level RAMS 18 months in advance which lists all activities which will require a RAMS.
The intent of having a high-level indication of RAMS 18 months prior start of operations is to have an
idea which activities OWF owner intends to execute. A high-level planning will allow to check if those
planned activities will impact other operations. Elia has understanding for potential delays and schedule
adjustments; however, Elia wants to check well in advance whether other contractors can continue
operations while OWF owner executes its works. For the safety of all involved parties, it is important to
have a high-level overview 18 months prior start of operations in order to avoid potential dangerous
simultaneous operations.

Elia requests 6 months in advance list of involved equipment and a list of vessels OWF owners intends
to use during its activities.

The vessel inspection by Elia will take place at a time dependent on the ship's schedule and at a
location within Europe subject to the vessel's planning.

2.10

[O_74]

Is it considered realistic that all involved equipment is defined 6 months in advance? A tentative list
could be suggested.

Elia answer:

A tentative list of equipment should be defined 6 months in advance. The list of equipment should be
updated and shared monthly.

2.10.1.4

[0 _75]

Vessel inspection would be required 6W in advance before commencing workscope. If this concerns a
physical inspection, this is usually not feasible since vessels are usually in the vicinity only a few days
before starting workscope. Vessels should not be inspected by ELIA but rather by a 3rd party and
independent MWS and always in line with standard industry practice (if vessels are found suitable to
work within an operational wind farm, it would be strange that they are deemed unsuitable to berth at
a concrete structure). Please elaborate.

Elia answer:

All vessels engaged on the Princess Elisabeth Island project requesting access to PEI will be subject
to a physical inspection (part of the Vessel Project Acceptance procedure). Elia believes in promoting
a safety culture and attitude and therefore insists on physically visiting vessels to check for safety and
quality standards.

2.10.1.5

[O_76]

Please align timing in §2.10.2.1 (e.g. MRCC permit, vessel inspection,...) with §2.10.1.

Elia answer:

Elia refers to the updated figures in Section 2.10.2

2.10.2

(6 77

Do Permits to Work requests need to be done by OWF or its Contractor?

Elia answer:

The Permit To Work request must be made by the OWF owner. The OWF owner can delegate this to
a contracted contractor of the OWF. This delegation of authority shall require preliminary approval of
ELIA. However all PTW requests addressed to ELIA have to be made in name of the OWF Owner.

2.10.2

[O_78]

Where must the vessel be located for inspection? How will it be organized?

Elia answer:

The OWF owner needs to contact Elia in order to schedule an inspection of their vessel. There are no
specific location requirements, but Elia prefers harbors that are situated close to Belgium and where
the vessel would stop for mobilization or loading.

2.10.2.1

[O_79]

Bullet 4- is unclear. Does it mean that MRCC needs to provide a permit for every intervention? What is
meant by exceptional marine activities? Please clarify.

Elia answer:

Elia is cooperating closely with the MRCC. To Elia's knowledge no procedure detailing how to obtain
‘a permit special conditions for a specific operation'('‘Aanvraag voor uitzonderlijke maritieme activi-
teiten') has been provided by the MRCC. Elia is currently using the form: "Aanvraag voor uitzonderlijke

2.10.2.1
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maritieme activiteiten" to request for a marine operation. OWF owners are encouraged to contact the
MRCC directly to confirm whether a ‘permit special conditions' is required for the relevant operation or
not. In case an OWF owner obtains an MRCC permit for an activity linked to the PEI project, the OWF
owner should share this MRCC permit with Elia.

[O_80] Kindly provide a detailed planning for the individual parts of Figure 16 (rather than the general bar chart
included in Figure 21).

Elia answer:

As currently not all contracts have been signed no detailed schedule can be shared. More info will be 24.1

provided in the tender documents.

[O_81] Planning is not in line with latest tender information by the government. Even without considering (likely)
delays on Ventilus, the first WTGs will only be installed in 2029.

Elia answer:

The schedule is in line with schedule shared by the government. Elia takes note of the remark

[O_82] The DS and ES postions will be exchanged with Elia for switching operations. It might be considered
to exchange only one signal for switching release. Please elaborate

Elia answer:

Only one signal for switching release can be elaborated. Elia must ensure the safety of switching op- 24.1

erations related to the Island.

[O_83] What is the level of liabilities (in €) that Elia invisages per proximity agreement? |s a template available?
Who will facilitate the negotiation of the proximity agreement? Can we use a similar multi-party set-up
as we did for MOGI ?

Elia answer:

The Proximity & crossing agreement will be grouped in a unique document.
The level of liability should be very similar to the MOGI. 143
It will be a bilateral agreement btw Elia and each park.

Same conditions will apply but conditions will be made bilaterally.
An open discussion will take place btw Elia and the selected park.

[O_84] “Elia grants to the cable owner a non-exclusive right of access to the Elia Domain Concession and the
Island, under the terms of the Proximity Agreement.”
Please confirm coordinates of Elia Domain Concession.

Elia answer:
The coordinates of Elia Domain concessions:

465.168,00E 5.708.697,00N

465.235E  5.708.973N 143
465.417E 5.708.833N
465.102E 5.708.421N
464.919E 5.708.561N
Coordinates according to UTM31N-WGS84
[O_85] Suggest to agree reciprocally on document submission /review timings in proximity agreement for Con-
struction and O&M activities (as done previously, cfr. tripartite agreement).
Elia answer: 2101
Elia is currently working on the proximity agreement and experience from the past will be considered.
[O_86] ‘In order to provide an accurate voltage, reactive and active power control service, redundant real-time
access to voltage and current measurements is required. The windfarm owners must receive the meas-
urement data 1 on 1; there cannot be any differences.
Hence our request towards Elia remains to install Elspec PQ analysers instead of Sineax converters to
avoid OWF control problems. Statement "Other measuring convertors can only be implemented when
the minimum requirements have been fulfilled and validated by Elia" should allow for this, but to exe-
cuted by Elia. It should not be pushed towards the OWF owner after almost 2 years of TF discussions
and OEM confirmations
Elia answer:
Elia listened to the feedback to not impose an Elia approved convertor. As the wind farm developer
solution will be integrated in the Control & Protection room of Elia, Elia specifies requirements to be in
line with the existing standards. 2.9.2
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[O_87] Life time measurement converter of 20y seems exagerated, why this requirement? Reference is made
to comment 86 in this regard.
Elia answer:
Elia listened to the feedback to not impose an Elia approved convertor. As the wind farm developer | 2.9.2
solution will be integrated in the Control & Protection room of Elia, Elia specifies requirements to be in
line with the existing standards
[O_88] The statement "For all scenarios described above the offshore wind farm will be responsible for the
related equipment inclusive delivery, maintenance, support and spare parts management.” This seems
contradictory as the OWF is not allowed to connect equipment to the secundary CT windings directly.
Please clarify.
Elia answer:
Elia listened to the feedback to not impose an Elia approved convertor. As the wind farm developer | 2.9.2
solution will be integrated in the Control & Protection room of Elia, Elia specifies requirements to be in
line with the existing standards
[O_89] "To regulate the active power output, the Power Park Controller (PPC) shall be connected to each 66kV
inter array cable bay"
Does this mean from each 66kV bay, information can be retrieved via a measurement device? Prefe-
rably an Elspec analyser. Please confirm.
Elia answer:
Elia confirms that accurate and fast measurements need to be made available to the PPC to allow 29.2
efficient control, as already discussed.
[©_90] "the counters will be provided and maintained by Elia"
We assume these will be comptabele measurements and statutory certification is also part of Elia's
scope.
The detailed “revenue counter” high frequency data should also be available for the windfarm owners;
not only the counting impulses. The counting impulses should correspond 1 on 1 with the “grey revenue
counter” data as published by Elia (currently on the EVMS portal). Please confirm.
Elia answer:
292
Elia onshore standards will be followed.
[O_91] ‘We assume the positions of ES and DS are not required per string but per WTG. See former suggestion
on this topic, please confirm.
Please define the “Emergency Elia”, “Blackout Elia” and “Grid restoration Elia” signals. These are no
standard signals originating from wind turbines or park controllers. Further the list needs to be com-
pleted with signals related to change from V to Q control and vice versa and control of reactive current
injection in case of grid events.
Please add “Spanningsmeting 66kV Elia”, “Stroommeting 66kV Elia” and “Stroommeting 220kV Elia”
to figure 34.
What is the function of ‘Host offline’ for PEZ without the application of an interface cubicle offshore?
Please provide network en communication architecture as requested during the TF meeting of
19/10/2023.
An accurate high frequency real-time connection to reactive power measurements at the V/Q control
point at 220kV is required besides the voltage measurement to properly execute set points MVAr.
Elia answer:
29.2
Design is not yet made. The design will be based on the equivalent concept of MOG1.
[O_92] Clarification related to voltage management and MVAr capability: not all requirements match the signal
exchange list. Or is that not the intention? Please clarify the way Elia envisages the activation/deacti-
vation of certain features and how to execute setpoints with services running.
Elia answer:
29.2
Modification of Signal list foreseen in the update of the public consultation
[O_93] How is change of controller setpoint (MVAr) on request of TSO communicated to OWF ?
The dead band requires the park controller to switch between U-control and Q-control depending on
the grid voltage. This makes the voltage service logic much more complex and will increase the failure
rates. Please provide more information why the existing setup (MOG 1) is not sufficient for PEZ.
Elia answer:
The current approach for change of setpoint will be based on Voltcontrol VSP communication standard
via a change of MVAR setpoint.
3.4.2.3

The deadband is a standard functionality already included in the current (MOG 1) specification of the
power park controllers on the (HPPP), it is not considered a new development. The deadband is ex-
plicitly added in the figure to limit the risk of possible interaction between nearby parks and does not
relate to the mechanism used by some parks to detect a change of setpoint by adding a specific toler-
ance to a setpoint input signal.
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[O_94] Commands currently not foreseen in figure 34 : List of signals exchange from offshore wind farm PPC
to Elia, please elaborate

Elia answer: 3.4.4.3

Elia provides clarification in Section 2.9.2 29.2

[O_95] 6th bullet "Setpoint change shall be achieved in steps not greater than 0.5% of the reactive range or 1
MVAr (the highest of the two);" indicates a rather slow set point change (0,5% or 1MVAr). For MOG 1
we receive significant set points and the speed of control is managed by an agreed ramp rate. How do
we have to interprete this requirement given?

Elia answer:

The requirement is relative to the tolerance of the measured reactive power w.r.t. the setpoint, it does | 3.4.5.3
not refer to the speed of change or ramp rate. We expect to have as for the MOG |, a mutual agreed
ramp rate for the reactive power setpoint change also for the MOG L.

[O_96] Is it required to have a BA5 grade for all workers? BA4 should be sufficient in certain cases, depending
on the works to be performed.

Elia answer:
Elia provides clarification in Section 2.10.4

BA4 and/or BAS certification must be provided by the employer of the contractor. By means of BA4/BA5

certification the employer certifies that the employee is qualified and trained to work at an electrical 2104
installation.
BA4 will be a minimum requirement for all not electrical works.
When contractor wants to execute electrical works, a BA5 certificate is mandatory.
[0_97] As mentioned under Section 2.10.2.2 “Access given to personnel”, before being allowed on a Marine
and Island coordination site, personnel will need to have followed adequate trainings (site and trans-
portation mode specific induction; offshore health certificate; BOSIET or GWO, GWO Advanced First
Aid for 10% of the workforce, HUET + CA-EBS in case of transfer per helicopter, Elia Electrical training
and BA4/BAS5, task specific trainings as displayed in Figure 40.
What will the Elia electrical training be? how will it be organized and on which location?
Elia answer:
Elia provides clarification in Section 2.10.4
The ELIA training will be the “AVIO-GSIO” training “Algemene Veiligheids Instructies Offshore - General 2104
Safety Instruction Offshore” which is a training developed for the PEI project. AVIO-GSIO can remotely
be completed online by e-learning. As soon as all chapters have been completed, the training will be
followed by a test to check if the person has understood the AVIO-GSIO sufficiently.
[O_98] Please list applicable (vessel) constraints for mooring at quayside.
Can Crew transfer harbor be used as shelter harbor for 80 m. SOV ? Can vessel limitations be provided
304ort he shelter harbor?
Elia answer:
26.3&264
Information will be shared as part of tender package end of 2024.
[O_99] Is there any provision of power for the CTVs including fueling/hydrogen etc?
Elia answer:

In the context of future proofness, Elia made an investigation about refueling options for future CTVs.
Two options were considered: a hydrogen refuelling station and an electric charging installation. Elia | 2.6.4
confirms that the current PEI design does allow for both options from a technical point of view. The
provision of a refueling hydrogen plant and electric charging station are however not part of the actual
EPC contracts and are therefore currently not foreseen to be practically implemented on PEI.

[O_100] Is there any provision of power for the CTVs including fueling/hydrogen etc?
Elia answer:
2.6.3&26.4
Drawings will be shared as part of tender package end of 2024.
[O_101] Figure 25
Please clarify cable free zone south-east of PEI. Is this a dedicated zone for Jack-up vessel, mitigate
potential for dropped objects from quayside/CTV harbour? Is the use of a Jack-up vessel possible?
Elia answer:
271

There is no cable free zone south-east of PEI.
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No designated area for jacking up is available. Jacking by default is not allowed and can only be con-
sidered after a thorough detailed assessment (geotechnical for island, identify a suitable zone for jack-
ing, preparatory and rectification works prior and after jacking). The detailed assessment should
demonstrate that the island nor jack-up will be harmed.

[O_102] Please provide information how the Elia protection system can detect and clear secundary WTG trans-
former faults in case the WTG CB fails. Intertrip possibility?

Elia answer:

No tele-protection system between wind turbines and departure bay - would be too complex to imple-
ment and to maintain. Reserve protection via protection installed on departure 66kV feeder (overcur-
rent, zero-sequence overcurrent and distance reserve zones). Coordination of protections (settings,
reaches and time delays) to be discussed in detailed engineering phase.

291

[O_103] Spare bays 66kV: During the TF of 19-10-2023, the amount of spare bays has been discussed and is
was requested to raise this number to 2 bays per section - adding up to 10 or 1 per 350MW block, Elia
spares excluded. This is not adapted nor mentioned in the MoM of this TF.

See also comment for paragraph 2.7.2.

Elia answer:
21&24.1
After further consultation, Elia confirms that the proposal to give 1 spare per 700MW remains.

[O_104] Please provide additional information on the N-1 situation at 220kV AC. How will this be handled and
controlled?

Elia answer:

By "N-1 situation at 220kV AC", it is assumed the loss of 1 of the 6 AC export cables installed between
the island and the coast.

First, it is important to mention that the links between the 2 220kV substation of 2050 MW will be closed
in normal operations. This means that the 6 AC export cables will be operated in parallel.

In case of the loss of 1 of the 6 AC export cables, the 5 remaining cables are dimensioned to handle
the overload (if any) while curative actions are activated (and effective). The curative actions will consist | 2.4.1
in bringing back the AC system to a N-1-safe situation. This situation anticipates the loss of an addi-
tional AC cable, during the unavailability of the first AC cable, by limiting the overall offshore wind
injection on the 5 AC cables to a level that can be handled by 4 AC cables while curative actions are
activated (and effective).

The curative actions will be a signal sent to all the connected OWP to limit their injection to a new
(lower) level. No disconnection of strings is needed in that case thanks to the requested overload ca-
pability of the AC export cables.

[O_105] Conformity process:

The Report states (page 87, section 3.8.1.2.3) that “After the FON is granted to the PGMs and during
the ongoing lifetime of the PGM installation, ELIA should have possibility to expect from the already
connected generators, under reasonable conditions, to adjust their settings and even perhaps control
modes to optimize the global system performance.”

This is a statement that can have major impact on committed PGM's, making the grid conformity a
‘moving target’. At least, it should be subject to a well described procedure, taking into account any
technical or operational (im)possibilities, and including a compensation mechanism based on a cost-
benefit analysis.

Elia answer:

3.8.8.1

Indeed, the process and conditions are further described later in the document in sections 3.8.8.1 Non- 3882

conformance mitigation and 3.8.8.2 Proposal for improved conformity assessment process. As stated
in 3.8.8.1 3) d), the PGM shall not loose its FON status unless not respecting the listed conditions.

[O_106] Conformity process:

The Report continues on page 96 (chapter 3.8.8.1 (3) (d)) with: "Full responsibility and cost shall be
beard by the asset Owner under the following conditions [...]". This statement is not acceptable and
considered a red flag. After FON status has been received, such costs have to be borne by the TSO
as responsible party for wider area grid stability. From experience we know that such changes as pro-
posed parameter changes can be costly and time consuming. A CBA should be performed amongst
Elia assets and other relevant Assets to look for the cheapest acceptable solution for society. The
statement “without causing a disproportionate investments” provides little to no comfort.

Elia answer:
Elia provides clarification in Section 3.8.8.1

ELIA has defined and will further clarify the conditions when such need for retuning of performance by | 3.8.8.1
an Asset Owner in this period is finally reduced to 3 years might be required. Moreover, ELIA shall add
an equity principle to share the duty among the concerned relevant Asset: Rotating application of the
request of assessment/implementation, starting from the oldest Committed Asset and including ELIA
Assets.

[O_107] Cable interface:
As there are many open questions and uncertainties related to the OWF cable approach, pull-in, routing
and termination towards and on the island, it is requested that Elia provides a full detailed design as
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part of the tender documents to create a level playing field for all candidates. Otary suggests that the
PEZ Task Force is used in the coming months to continue discussions on this topic, to ensure involve-
ment of potential candidates and to avoid the cable interface design becoming a red flag. We would
expect Elia to take full responsibility of the interface design.

Uncertainties and questions are mostly related to cable corridors, future crossing, rock berm design,
cable stabilisation on the scour protection, J-tube and CPS design, hang-off room design and access,
availability of space and equipment, the use of culverts, thermal influences and characteristics, etc.
Specific questions are provided in the comment sheet in excel as an annex to this letter.As there are
many open questions and uncertainties related to the OWF cable approach, pull-in, routing and termi-
nation towards and on the island, it is requested that Elia provides a full detailed design as part of the
tender documents to create a level playing field for all candidates. Otary suggests that the PEZ Task
Force is used in the coming months to continue discussions on this topic, to ensure involvement of
potential candidates and to avoid the cable interface design becoming a red flag. We would expect Elia
to take full responsibility of the interface design.

Elia answer:

Roles and Responsibilities of each party will be clarified in the Interface Matrix which will be prepared
by Elia. The Interface Matrix will be shared for the tender.

[0_108]

Connection requirement - flexible connection contract:

In section 2.3.1 of the Report, Elia proposes to connect the OWF in Lot 1 based on a “flexible connec-
tion contract”. This implies that Elia could curtail the injection of the OWF in case of congestion on the
onshore grid. These curtailments would be requested in the intra-day timeframe and would be unremu-
nerated. Otary understands that Elia will perform a study in Q1 2024 to forecast the expected extent
and frequency of these curtailments.

To fully understand the implications of this proposal, Otary would like further clarifications:

(i) Is it correct that such curtailments are not compensated, i.e. the perimeter of the BRP is not corrected
upward to compensate for the downward curtailment, nor is the downward activation paid for at a cost-
reflective tariff by Elia (as is the case with congestion-curtailments under a firm connection contract)?
(ii) Is it correct that these curtailment requests are decision made unilaterally by Elia?

(iii) Can Elia confirm that the study of Q1 2024 will carry no legal or contractual weight? Is Otary’s
understanding correct that, irrespective of the outcome of this study, there will not be a legal maximum
on the amount of curtailed energy, the frequency of curtailments, nor the duration of the flexible con-
nection contract before it is converted into a fixed connection contract?

If Otary’s current understanding is correct, we would like to voice our serious concerns about the po-
tential consequences of such an arrangement and the dramatic consequences this will have on the
timely realisation of the offshore windfarms in the Princess Elisabeth zone.

Multi-billion investments crucial to Belgium's energy supply and energy transition, like offshore wind
projects, necessitate a permanently guaranteed and reliable grid connection. The chosen "2-sided con-
tract for difference" system for the new OWFs was designed to minimise (price) risks for developers,
avoid windfall profits, and thus ensure that offshore wind can be developed at the lowest possible cost.
A flexible connection contract contradicts these goals as it introduces volume risk (on top of the inherent
resource risk which developers can quantify) and jeopardizes the cost-effectiveness of offshore wind
energy for Belgian citizens and industries. A flexible connection increases the risk profile to such an
extent that it jeopardizes the financing of the developments. Moreover, from a societal perspective, it
is not desirable to transfer risks associated with the construction and operation of the electricity grid to
the wind farms. The grid operator is the sole and appropriate party to safeguard these risks at the
lowest societal cost.

Elia answer:

We understand the concern raised. However, these considerations are out of Elia's control. The flexible
connection contract is the result of Belgium's ambition to accelerate the deployment of offshore wind
energy in the PEZ on one hand and long implementation time of required onshore reinforcements on
the other hand.

The 700 MW flexible access is a compromise between the societal benefits of connecting sooner an
offshore wind farm and the societal costs (i.e. congestion management) created by this acceleration.

More specifically on the questions raised:

() In the current flex regime, the activations are indeed not compensated and the perimeter of the BRP
is not corrected.

(i) Correct. The list of congestions possibly leading to flex is clearly mentioned in the Flexible connec-
tion contract.

(iii) In the current flex regime, correct.

This flex framework is currently being defined under the supervision of the CREG. Workshops are
organised on this topic to elaborate a new Flex framework, in collaboration with the relevant stakehold-
ers. This new framework is currently being consulted and should be approved in the course of 2025.

NA
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[0_109]

Connection requirement - flexible connection contract

Otary regrets that Elia, as a front-runner in trying to enable the energy transition, does not look at this
issue from a broader societal perspective. A flexible connection introduces such a singular large risk
that very few (to none) BRPs can mitigate. This will -at best- limit the competition in the tender to such
an extent that it will drive up prices, as developers will, if they can mitigate this risk internally or place
this risk in the market at all, price in all these risks (including a risk premium) in the strike price for 20
years, making the end-consumer worse off. The fact that this would be an unacceptable risk, was well
understood, in the very similar context of the Stevin substation construction, when the first wave of
Belgian offshore windfarms was being constructed.

In addition, the construction of Ventilus is put forward a pre-requisite for the connection of Lot 1. This
is a major risk for the OWF, and construction cannot start if the timeline of the connection is not clarified.
In the planning shown in Figure 21 no buffer seems to be available between the end of the construction
of Ventilus and the commissioning of the first wind turbines. Ventilus seems to already be a bottleneck.

(i) Can Elia confirm that there is no buffer, or that the construction period includes a buffer?

(if) Can Elia indicate its’ underlying assumptions in this timeline; as the planning shown seems to not
consider any appeal on (i) the GRUP nor on (ii) the Ventilus permit?

(iii) Will Elia, in case of appeal(s), take the risk and start construction anyway (which may be prohibited
if the appeals are suspensive)?

(iv) Can a worst-case scenario timeline be shared?

We understand that there is a worry in terms of ‘discrimination’ in case the PEZ1 OWF is provided a
fixed connection contract, as other assets have been provided a flexible connection contract based on
the same congestion. As the intention of providing flexible rather than fixed connection contracts is to
steer investors’ decisions in terms of timing and location of their generation assets, this argument can
obviously not be held against the OWF in the PEZ. Indeed, both of these choices are imposed by
overarching regulatory frameworks. In addition, the very specific circumstances of the tender, which
are based on a 2s CfD mechanism, barring any potential financial upside, place these assets in such
a unique situation that evoking ‘discrimination’ does not seem relevant in the context.

Otary considers offering a fixed connection contract, based on the exceptional circumstances of the
PEZ OWFs, as the best way forward. If another solution can be formulated that has the same economic
and financial result, we could support such solution. We could support, for example, a solution that
contains the following elements: (i) the perimeter of the BRP(s) (e.g. utility or corporate offtaker) is
corrected, (ii) a remuneration equal to the strike price (plus 3 EUR — in case the volumes are part of
carve-out) is foreseen for the OWF for the curtailed volumes, and (iii) the curtailed volumes that fall
under the 2s CfD are excluded from the monthly CfD premium calculations, i.e. the APE should not
consider these curtailed volumes as being ‘available’.

Elia answer:

Technical contingencies are foreseen in the schedule of Ventilus.

On the contrary, possible delays resulting from appeals on the GRUP or building permits are not taken
into account in the schedule of Ventilus. The (expected) probability of the outcome of an appeal proce-
dure is not a reliable data to build a planning. This explains why the schedule of Ventilus doesn’t take
appeal procedures into account.

Regarding the flexible access, we would like to remind that the requestor in the case of the PEZ is the
FPS Economy and FPS Public health, not the OWF. As such, the spirit of the flexible access was
completely respected as it offered a possibility to the requestor (authorities) to accelerate the rollout of
offshore RES while considering onshore constraints. Elia didn’t pushed forward any intention. Just like
for any other client, Elia simply communicated the available options, considering Belgian ambition to
accelerate as much as possible the RES integration.

[O_110
Intro]

Market design

Chapter 4 of the Public Consultation Report starts with a statement that we fully support: “To realize
offshore ambitions in the North Sea and the other European sea basins, a massive deployment of
offshore infrastructure will be needed”.

These offshore ambitions, established in the Esbjerg declaration in 2022 and further strengthened in
the North Sea Declaration signed in Ostend in 2023, are to install at least 120 GW of offshore wind by
2030 and 300 GW by 2050 in the North Sea. These high offshore ambitions are supported by academic
research as the optimal tool to reach carbon neutrality by 2050 at the lowest system cost. The
Paths2050 study performed by Energyville in 2022 clearly states that “facilitating direct access to far
offshore wind in Belgium, drastically lowers electricity and system costs from 2030 onwards”.

Elia has also recognised, in several studies (a.o. the Federal Development Plan - period 2024-2034),
that access to renewable energy from the North Sea will be crucial, considering that Belgium is and will
always be structurally short in renewable energy, and thus relying on import. Elia has been a thought
leader in this regard, pushing for the integration of offshore energy into the Belgian electricity system,
from within the Belgian waters as well as from the broader North Sea basin. At the same time, Elia has
officially recognised that the electricity grid could be a bottleneck and delay the energy transition,
against the wishes and interests of our society.

These statements should be translated into concrete long-term investment plans. The project portfolio
presented in the Federal Development Plan (period 2024-2034) should be more ambitiously defining a
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is necessary to keep up with the offshore development plans.

increases of the transmission capacity to shore).

and in this context.

compared to grid-use optimization.

they should recoup their investment over a smaller volume produced.

pathway to reach the offshore wind targets. A more proactive approach with anticipatory investments

The proposed grid design for integrating offshore wind energy in the PE zone into the Belgian grid is a
hybrid solution, meaning that 3.5GW of transmission capacity from the Princess Elisabeth Island to-
wards the Belgian coast is to be shared between 3.5GW offshore wind capacity and 1.4GW cross-
zonal capacity over the Nautilus interconnector with the UK, an under-capacity of almost 30% (not
taking into account plans to connect the Island to Denmark and Norway, with potentially less than equal

In the context of the energy transition and the (by Elia) forecasted increase in green electricity demand,
we would urge to have more capacity and would think the contrary to be in comprehensible at this stage

We consider that finding solutions for physical grid constraints is more advantageous in the long run
than the current theoretical market design driven orientation. While acknowledging the significance of
an appropriate market design, we remain unconvinced that it presents a more beneficial alternative to
the essential grid design. Even the KARI study, used by Elia to support its Federal Development Plan5,
illustrates that faster developments of offshore wind deliver significantly greater societal benefits when

As a long-term vision and general principle to be applied across the North Sea, we do support the
concept of hybrid assets, as designing transmission capacity on a 1-to-1 ratio with offshore wind peak
capacity would lead to an over-dimensioning (and thus underutilization) of the grid, provided however
that the generation assets or markets competing for the transmission capacity are sufficiently decorre-
lated. Indeed, the whole point of hybrid transmission assets is to use transmission capacity that would
otherwise not be used by intermittent generation sources precisely during those moments in time when
they are not producing (i.e. in the case at hand when OWFs are not producing at almost full load) to
recoup the cost of the transmission assets over a larger volume of energy transported and not to have
two correlated sources compete for the limited transmission capacity at the same time because in such
case (i) the transport cost is not reduced and (ii) the LCOE of the competing assets is increased as

Elia answer:

the Princess Elisabeth Island.

ment-plan-2024-2034/20230504_consultatie-rapport-fop2024-2034 _nl.pdf).

This comment refers to the vision elaborated by Elia in the Federal Development Plan 2024-2034.
The FDP 2024-2034 has been approved in 2023 and is taken as a reference for the developments on

Elia refers to the answers provided in the framework of the public consultation organised on the Fed-
eral Development Plan 2024-2034, and more specifically the section 3.2.5. of the document
(https://www.elia.be/-/media/project/elia/elia-site/infra-and-projects/investment-plans/federal-develop-

3.25

[O_110] Market design

TSO congestion rents calculated, and who pays for them?

is negative, even if the Belgian day-ahead price is positive?

and Lot 2 would not be affected?

To fully understand the implications of Elia’'s OBZ proposal, Otary would like further clarifications:
(i) What prices is a BRP/offtaker exposed to when he purchases (on the day-ahead market) electricity
in the PEZ and sells it in Belgium? Does he take the price differential between the zones? How are the

(ii) Is it correct that, if the PEZ can be operated as a ‘single node’, the PEZ OWFs will -most likely- only
be allocated 60% (2.1GW out of 3.5GW) of the transmission capacity if the day-ahead price of the UK

(iii) Is it correct that, if the PEZ cannot be operated as a ‘single node’, that Elia proposes to create an
OBZ covering only the Nautilus interconnector and Lot 3 of the PEZ? Does this imply that in this con-
figuration, the Lot 3 OWF will -most likely- be allocated 0% of the transmission capacity if the UK day-
ahead price is negative, even if the Belgian day-ahead price is positive, and that the OWFs in Lot 1

Elia answer:

Answer to (i)

be distributed according to the CID).

Answer to (i) + (iii)

consequence of split node operation on the scope of the OBZ.

capacity on the bidding zone border between the OBZ and the BE bidding zones

nisms for RES as root causes for negative prices

bility based CfD

The price in the offshore bidding zone is indeed separate from the market price in the Belgian bidding
zone. This price differential should be integrated in the regional Congestion Income Distribution meth-
odology, as defined per article 19 of EU regulation 2019/943, for the CORE region. The congestion
income collected by Elia is not necessarily equal to the price spread between zones, but is generally
proportional to it. Congestion income arises from the difference between buy and sell prices in the
market; if the buy price is higher than the sell price, there is a net congestion income (which still has to

1) Clarification provided in Section 2.3 regarding split node operation and in section 4 regarding the
2) The OWF in the OBZ will indeed compete with UK import for the allocation of the transmission
3) Elia fully supports that policy makers alleviate inflexible generation and distortive support mecha-

4) This volume risk, as well as the volume risk stemming from AHC, are mitigated by the 2-sided capa-

2.3
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[0_111]

Market design

(iv) Is it correct that Elia has calculated the correlation between the offshore wind production in Southern
UK and Belgium as being very high (above 75%), and that this implies that in those instances where
Belgian OWF can produce at full load, that it is very likely that UK OWFs are also producing at full load,
and that both will be competing for the limited transmission capacity?

Elia answer:

Elia cannot be responsible for providing market predictions that would impact the business case of
offshore wind farms and candidate bidders should rely on their own models and assumptions. As a
principle, any bid made in the regulated power exchanges is subject to competition on the transmission
capacity available to the market and selection is based on maximizing welfare. As such, if Southern UK
and Belgian wind combined are able to produce more than what can be transported by the transmission
grid, the market coupling will select the bids that generate the most welfare. Lower-priced bids typically
generate more welfare, but also losses and line loading play a role. It it is in addition worth noting that
the two-sided capability-based CfD proposed by the Belgian state still awards the strike price whether
the Belgian wind is selected or not.

[0 117]

Market design

(v) Do you agree that if UK is to move from zonal to nodal pricing (whereby the UK day-ahead prices
will be determined on a much more local level), that favourable wind conditions in the Channel will push
the (Southern) UK day-ahead price even more often to negative value?

Elia answer:

A reform of a single national price (as is in UK) into a zonal or nodal market arrangement in itself not a
driver for negative prices. The negative prices are driven by a lack of flexibility in the system and dis-
tortive support schemes. Note that the option for nodal pricing is proposed to be dropped in the 2nd
REMA consultation.

[0 113]

Market design

(vi) Do you agree that it is very difficult to predict the day-ahead prices and imbalance prices that will
be established in the OBZ, as they are not only driven by the congestion in the offshore grid, but -due
to the Advanced Hybrid Coupling- also by the onshore grid congestion? Does this imply that the day-
ahead price in the OBZ can be anything, from lower than the lowest price of the 2 connected zones
(UK and Belgium) to higher than the highest price?

Elia answer:

Elia cannot be responsible for providing market predictions that would impact the business case of
offshore wind farms. Candidate bidders should rely on their own models and assumptions.

Therefore, Elia has not assessed the accuracy of predicting wholesale or imbalance prices in an off-
shore bidding zone context. However, the methodology used for different steps in the market coupling
is public and the vast majority of data used as input is publicly available (order books are not published).
Both the offshore bidding zone and advanced hybrid coupling aim to provide a maximum of freedom to
maximize welfare in the market, while also reflecting the reality of the physical grid and as such con-
tribute to increased welfare the internal electricity market. It is correct that price and volume determi-
nation in the OBZ are much more sensitive to the physical reality of the grid compared to the home
market situation. However, the two-sided capability based CfD protects against both price and volume
risks and in doing so covers the uncertainty even if predicting market outcomes proves difficult.

[0_114]

Balancing design - preventive curtailment

Indeed, the proposed measure is triggered based on Elia’s forecasting tool. The measure would clearly
have a financial impact for the BRP, even though it is not proven that Elia’s forecasting tool is superior
to the tool from the individual BRPs, nor will Elia take any accountability with respect to the accuracy
of its tool.

To fully understand the implications of Elia’s proposal, Otary would like further clarifications:

(i) Can Elia confirm that its offshore wind forecasting tool only uses weather forecasts and technical
assumptions (power curves and assets’ availability) as inputs, and that the forecast does not take other
aspects into account such as implicit or explicit balancing actions, congestion limitations, etc.?

Elia answer:

Elia provides clarification in Section 5.7.3.1

5731

[0_115]

Balancing design — preventive curtailment
(i) Can Elia guarantee that it will not change the underlying methodology of its forecasting tool, without
approval of the Working Group Balancing?

Elia answer:

Elia refers to the additional clarifications given in Section 5.7.3.1. Elia's storm forecast tool is not subject
to regulatory approval, but Elia will discuss relevant changes to the method or assumptions in the WG
Balancing.

5.7.31

[O_116]

Balancing design — preventive curtailment

(iii) In particular, can you confirm that the tool currently does not take Elia’s estimation of implicit bal-
ancing by the OWFs into account in its day-ahead (11AM) forecast, and that it is not the intention to do
so in the future, nor to include Elia’s forecasted impact of any of the proposed measures in the future?
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Otary further wonders why the current storm procedure does not provide sufficient options for Elia to
manage the identified risks?

Elia answer:
5.7.3.1
Elia provides clarification in Section 5.7.3.1
[0_117] Balancing design - preventive cap
The preventive cap is introduced to prevent "overloading of the HVDC system". This clearly categorizes
the real-time operational preventive cap as a non-market based redispatching and as such is to be
remunerated in accordance with EU Electricity Market Regulation. The specifics of this remuneration,
are to be discussed in the PEZ Task Force.
To fully understand the implications of Elia’s proposal, Otary would like further clarifications:
(i) Can Elia clarify whether this preventive cap will be applicable to Lot 1, 2, or 3?
Elia answer:
For the remark on remuneration as non-market based re-dispatching measure. Elia refers to the addi- 5821
tional clarifications given in Section 5.8.2.1 (cf. subsection implementation of the preventive cap). On e
question concerning the application on Lot 1, Lot 2 and Lot 3, Elia refers to the same section where an
additional paragraph is added on the application of the preventive cap to the DC connected parks.
[O_118] Balancing design - preventive cap
(i) From the task force, Otary understood that the preventive cap will not be required in case of available
transmission capacity, or when there is “operating margin”. As the intention of the grid design (with
hybrid assets) is to ensure that the transmission capacity is used optimally at all times, and any lack of
wind production in the PEZ will be compensated with additional import from or export to the UK, can
Elia outline in which situations there will be an ‘operating margin’? Will this only be in case of full import
from the UK (1.4 GW), and when the OWF are producing at less than 60% capacity factor (i.e. less
than the remaining 2.1 GW of available transmission capacity to Belgium)?
Elia answer:
5.8.2.1
Elia provides clarification in Section 5.8.2.1
[O_119] Question addressed outside of the Elia public consultation period

1. Can surge arresters be installed on the GIS F35 72,5kV cable termination side? Integrated in the
GIS?
2. Cable test possibilities from the PEI? DAC test? VLF? How to reach the active parts? Removal of
VT and installation of AIS bushings?
3. Can we drill cable ladders or supports into the concrete structure of the hang-off room and cul-
verts?
Min and max short circuit values at 66kV BB level?
Maximum clearing time in back-up of earth faults 66kV
Which facilities will be availble on the island for the grid users during construction (cable works)?
a) horizontal transport means will be available on the PEI? F.i. transport of 10 or 20 foot
containers with T&l equipment and tools
b) routes on the PEI
c) ground bearing capacity t/m?
d) height restrictions
e) power supply for T&T works
f)  other facilities (fresh water supply, sanitairy, restrooms, etc...)
g) safety measures
7. current measurements 220kV side resuired for Q-control or other future required measure-
ments/controls/

(SRS

Elia answer:
1. Elia confirms the request.
2. Removal of VT and installation of cable test compartment or AIS bushing will be used as stand-

ardized working method.

Elia confirms but required alignment with cable expert.
Elia refers to figures provided in Section 2.8

Elia refers to figures provided in Section 2.9

a) This will be part of the Proximity Agreement

b) Elia refers to Section 2.7

c) This will be covered in the tender package: island
d) This will be covered in the tender package: HSE

e) Elia refers to information in Section 2.5

f) This is part of OWF responsibility

g) This will be covered in the tender package: HSE

7. __Elia clarifies that only voltage measurements 220kV will be provided

o0k w
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Belgian Offshore Plateform [BOP]

[BOP_01] | Appendices of the Connection Contract

Cf. §1.4.1 page 18: “As a general comment, all the requirements that will be found in the tender con-
nection requirements, will be translated in the appendixes of the connection contract.”

Are changes to the appendices of the Connection Contract subject to a public consultation?

Elia answer: 151

Appendixes are driven by the connection requirements.

Any change technical (hardware) change will result in an appendix change.

Any increase or decrease of installed capacity will also result in direct changes.

A change in some contractual rules (outage planification) might need a public consultation in some
cases.

As general answer, "no public consultation is needed". But if the change request would be too drastic
against the rules of the contract and discriminatory, then a consultation could be needed. But if the
change request nature is against the rules of the contract and/or discriminatory, then a consultation
could be needed.

[BOP_02] : Appendices of the Connection Contract

“... where needed some amendments based on what is actually installed (infrastructure, metering in-
formation, etc.) to match with the reality on field.”

To what extent can amendments be made without public consultation?

Elia answer:

151

Elia resolves to answer provided for item [BOP_1] [BOP_1]

[BOP_03] ! Metering at the Connection Point

Cf. §1.4.1 page 18: “It's also worth noting that the metering will be done at the connection bay and the
total injected and/or consumed energy will be the sum of all meters connected separately on each 66kV
bay.”

How will the (sum of) metering on the Connection Point be matched with Ancillary Services such as the
VSP which are expected to respond to a voltage input on Access Point level? To ensure a robust control
in line with the compliance evaluation on Access Point, also the metering for Ancillary Services should
be evaluated on aggregated level and should be able to consider the various operational situations (i.e
busbar coupling open/closed on 66 kV or 220 kV level).

Elia answer:

151
Elia provides clarification in Section 1.5.1

[BOP_04] i Proximity Agreement

The proximity agreement is not regulated. Have lessons learned from MOGI been considered and will
it be consulted upon?

For MOGI, a proximity agreement was set-up as a multi-party contract (in that instance, between the 2
OWF developers and Elia, i.e. 3 parties), in order to streamline the approach, as well as the total liability
per event to ensure it remains insurable. This approach has proven to be effective, and we would urge
to use a similar, multi-party set-up, with a total liability cap to be agreed between the parties and based
on feedback from the insurance market. Given the timing difference of the award of the different lots,
the agreement must allow for new parties to enter at a later date.

Elia answer:

153
Elia provides clarification in Section 1.5.3

[BOP_05] | Proximity Agreement

The proximity agreement is not regulated. Have lessons learned from MOGI been considered and will
it be consulted upon?

Elia answer:

153
Elia provides clarification in Section 1.5.3

[BOP_06] | Connection Requirements - Flexible connection contract is a NO-GO

Since years, BOP demands a guaranteed access to the Belgian grid and fixed connection capacities
to be able to fully use the valuable wind assets in the PEZ and to produce renewable offshore wind
power at the lowest cost for society.

The proposal for flexible access is NOT acceptable (even if it is temporary in nature and/or partly
“backed” by a 2s-CfD) as it jeopardizes the bankability of the projects and as such also a timely reali-
zation of the new offshore wind developments for Belgium.

Elia has to take its responsibility in the acceleration of the energy transition by providing a firm access
for all concessions from the start and within the current planning. Any curtailments resulting from grid-
related constraints are to be fully remunerated, in accordance with the EU Electricity Market Regulation.
Elia answer:

231

See answer provided to item [O_108].
[BOP_07] : (1) Will there be an impact for producers in the future swap from split to single node operations? (2)
What impact can be expected and what compensation be in place in case of loss of revenue?
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Elia answer:
4.3
Elia clarifies the market design foreseen for the Princess Elisabeth Zone in Section 4.3
[BOP_08] | Connection requirement - Windfarm Room
Can Elia clarify their maintenance strategy such that the appropriate level of redundancy required by
the OWF developers can be understood. If maintenance is limited to critical visits only then additional
redundancy can be required.
Elia answer:
Redundancy should be chosen when in doubt on the reliability. Elia must be present on the Island 295
during an intervention of the OWF on their equipment installed on the Island.
[BOP_09] | Connection Requirements - Grid Infrastructure - Overplanting
Cf. §2.4.2: “5) The installed capacity may exceed the maximum level of power injection (i.e. overplant-
ing) by maximum 5%, defined at the level of the tender (i.e. 735MW, 1470MW and 1470MW).”
Why is Elia referencing overplanting constraints? In case of overplanting limitations, this should be
specified in the governmental tender requirements and not in Elia’s documents. Elia should only refe-
rence injection constraints.
Elia answer:
2.4.2
The maximum power injection is limited due to the cable capacity which is in scope of the windfarm.
[BOP_10] i Connection Requirements - Grid Infrastructure - Final and tendered grid capacity to shore
According to Figure 14, a 3.5GW grid capacity between the PE island and the BE shore is considered
(AC + DC). Is the referenced 3.5 GW grid connection capacity to shore the final capacity as tendered
by Elia for the AC topsides, HVDC converters and AC & HVDC cable connections?
Elia answer:
As mentioned in the section 2.4.1 Single Line Diagram, the AC topsides will consist in 2 blocks of 1050
MW and 2 blocks of 700 MW for a total capacity of 3500 MW.
Regarding the capacity of the connections to shore, they are sized and tendered as follow: 24.1
- Each of the 6 AC export cables shall allow the connection of 350 MW of offshore wind production
located in the PEZ.
- The HVDC system (converter and cable system) shall allow the connection of 1400 MW of offshore
wind production located in the PEZ combined with a HVDC interconnector.
[BOP_11] i Connection Requirements - Grid Infrastructure - Spare Bays
Cf. §2.1 page 21: “In total 40 bays will be available for 3.5 GW of wind power, as well as 5 spare bays
to guarantee flexibility in windfarm design.”
Can these spare bays be considered available by Developer or does this require specific agreement
from Elia before they can be considered in the design? In other words, how will the spare bays be
divided over the developers and what are the criteria to use a spare bay? The use of spare bays is
anyhow related to the optimization of the OWF’s layout and string grouping, but what are the limits to
do so?
Elia answer:
Elia provides clarification in Section 2.4.1.
1) spare part can indeed be considered as available for the developer of the 1st lot in order to further
optimize the windfarm design, if need be. Similarly, the developers of the 2 other lots (1400 MW) can 241
benefit from o
2) additional connection points on the 66 kV, if need be.
There are no specific criteria to use this (or these) spare bay(s), other than those applicable for the
regular bays. It is up to the developer to decide to use this (or these) spare bay(s) or not, knowing that
the tariff for using the first offshore connection bay is applied for each connection bay.
[BOP_12] | Connection Requirements - Ventilus timing
The construction of Ventilus is a pre-requisite for the connection of Lot 1 of PEZ. This is a major risk
for the OWF and construction cannot start if the timeline of the connection is not clarified.
In the planning shown in Figure 21 page 35 no buffer seems to be available between the end of the
construction of Ventilus and the commissioning of the first wind turbines. Can Elia confirm that there is
no buffer or that the construction period already includes a buffer? If so, how long is it? In the current
timeline, Ventilus seems to have become the bottleneck.
Elia answer:
25
Buffers are not shown in the overall schedule.
[BOP_13] | Connection Requirements - Ventilus timing
Moreover, the planning shown seems to either not consider any appeal on (i) the GRUP and (ii) the
Ventilus permit, or to indicate that in case of appeal(s) Elia will take the risk and start construction
anyway (which may be prohibited if the appeal calls for a need for suspension). Can Elia indicate its’
underlying assumptions in this timeline? Can a worst-case scenario timeline be shared? The unclarity
regarding the full timeline (GRUP, permit and construction) introduces additional risks, and thus costs,
that will be included in the bid pricing if not clarified in time.
Elia answer:
[O_109]

Elia refers to answer provided to question [O_109]
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[BOP_14]

Connection Requirements - Island Concept and cable routing - Operating room for OWFs (§2.6)
Will there be any space on the island (or Gezelle) to include a limited operating room for the OWFs (in
view of a contingency plan for a.o. cyber security and/or in case of calamities)? This is highly recom-
mended.

Elia aswer:

Offshore/On the island: OWF room (40m?2) / Onshore: space/layout for OWF shelter with a max. dimen-
sion of 3,8x12m per OWF shelter will be provided

2.6

[BOP_15]

Connection Requirements - Island Concept and cable routing - Land area (82.6.1)
Is land area foreseen for e.g. harmonic filters or any other mitigation measures which may be identified
as part of the grid compliance process?

Elia answer:

No space is foreseen on the island. Study still ongoing on the possible need for onshore filters.

26.1

[BOP_16]

Connection Requirements - Island Concept and cable routing - Cable routing around the PE
island (82.7.1)

To evaluate the inter array cable routing impact, please provide a zoomed out view of Figure 25 to
show the proposed cable corridors for all concessions. Especially the cable corridor connecting into
Concession 1 is currently not clear (it is not shown on Figure 26). Please also share the shape-file of
these cable corridors for integration into a GIS package.

Elia answer:

- The routing of Nautilus and Triton is still preliminary and depends on multiple parameters.

- Based on current knowledge, an offshore crossing between IAC and at least one future interconnector
is to be expected.

- These crossings will be made in compliance with current standards.

- Elia interconnectors will not run through the parcel 1.

- Relevant documents (including GIS files) will be shared for the tender.
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[BOP_17]

Connection Requirements - Island Concept and cable routing - Cable approach (82.7.2)

Can Elia provide further clarification on the scour protection that is anticipated to be present? The
information provided in the document is very limited. For example the Nature Inclusive Design refer-
ences “chaotic scour protection” and “large boulders” around the island could be detrimental for cable
installation works.

Elia answer:

Elia will share the relevant detailed design documents for the tender.
The Nature Inclusive Design (NID) elements related to the seabed are mainly focused around the cor-
ners of the Princess Elisabeth Island, where no cable will be routed.

2.7.2

iBOP_18]

Connection Requirements - Island Concept and cable routing - Cable approach (82.7.2)
Please explain how the scour protection will be aligned with an efficient (and object free) cable routing?

Elia answer:

Elia will share the relevant detailed design documents for the tender.

2.7.2

iBOP_19]

Connection Requirements - Island Concept and cable routing - Cable approach (82.7.2)

Please also provide further information on the dimensions of the scour protection around the island
(length from the island caissons), spacing between the J-tubes, ... as requested during the Task Force
meetings.

Elia answer:

Elia will share the relevant detailed design documents for the tender.

2.7.2

[BOP_20]

Connection Requirements - Island Concept and cable routing - Cable approach (82.7.2)

Please provide further information on the dimensions and thermal resistivity of the various materials
presented in Figure 27. This area is expected to be a thermal bottle neck in the inter array cable design
and may require a detailed analysis by the Developers prior to the Tender to ensure this design is
compatible with the max. amount of bays imposed by Elia.

Elia answer:

Elia will share the relevant information for the tender.

2.7.2

[BOP_21]

Connection Requirements - Island Concept and cable routing - Cable approach (82.7.2)
If Elia has performed studies on the thermal constraints resulting from this J-tube / caisson design,
please make these available.

Elia answer:

Elia will share the relevant information for the tender.

2.7.2

[BOP_27]

Connection Requirements - Island Concept and cable routing - Routing on the PE island (§2.7.4)
Who will be responsible for the provision of the watertight cable transits through the secondary wave
wall?

Elia answer:

Watertight cable transits are to be foreseen by the windfarm developer as cable is in their scope
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[BOP_23] | Connection Requirements - Island Concept and cable routing - Routing on the PE island (§2.7.4)
Several crossings appear to be present resulting from the proposed routing of the cables on the island.
Please provide a clear overview of the crossings and proposed crossing design to ensure any impact
on the inter array cable design can be considered.
Elia answer:
The relevant information will be shared for the tender.
Inevitable cable crossings will be performed as per onshore standards. Cable trays are to be foreseen | 2.7.4
to ensure physical separation.
Roles and Responsibilities of each party will be clarified in the Interface Matrix which will be prepared
by Elia. The Interface Matrix will be shared for the tender.
[BOP_24] | Connection Requirements - Island Concept and cable routing - Routing on the PE island (82.7.4)
What will be the thermal characteristics of the soil below / around the concrete culverts?
Elia answer:
The thermal characteristics of the soil around the culverts will have a thermal conductivity of 0,2-0,4 | 2.7.4
W/m.K in the worst conditions. The thermal conductivity of 0,2-0,4 W/m.K is applicable for the culverts
inside the land area. The culverts inside the drainage buffer zone will not be surrounded with sand.
[BOP_25] i Connection Requirements - High voltage systems (§2.8)
The property and maintenance border is specified according to IEC62271-209 (which states female
part is provided by the cable supplier) while the following paragraph states Elia will provide the female
part. Does this mean ownership of the female part will transfer to the Developer, or will Elia retain
ownership of the female part?
Elia answer:
Roles and Responsibilities of each party will be clarified in the Interface Matrix which will be prepared | 2.8
by Elia. The Interface Matrix will be shared for the tender. Final check with experts about property of
the female part
[BOP_26] | Connection Requirements — High voltage systems (§2.8)
Will Elia provide provisions to be able to test the inter array cables prior to energization (e.g. VLF or
high voltage resonant tests), both in terms of space allocated on the island near the topside as in
permission to e.g. test the cable through
- a spare bay on the Elia switchgear?
- a flange on the GIS (VT flange f.i.) where gasworks are taken care of by Elia
Or any other solution, as a test rod can’t be mounted on the proposed terminations.
Elia answer:
Different scenarios will be presented in collaboration with the GIS supplier. OWF remains responsible 28
for the test of inter array cables
[BOP_27] i Connection Requirements - High voltage systems (82.8)
The single phase short-circuit current (4kA) is quite high due to the design needing to accommodate
for two earthing transformers in parallel. Has the option been investigated to add disconnectors to avoid
this, which would reduce the single phase short-circuit level to 2 kA?
Elia answer:
Disconnectors on earthing transformers are not applied by Elia in HV networks (>= 30 kV). Direct earth- | 2.8
ing of neutral point transformers without disconnector is a more robust and reliable option esp. for
offshore applications.
[BOP_28] | Connection Requirements - Secondary systems - Protection systems
Will teletripping from the WTG towards the Elia switchgear be accommodated for if there is a need for
e.g. backup protection on the WTGs?
The 150 ms criterion of zone two may need to be increased a bit to ensure it can be selective with the
wind turbine protection system. Part of further refinement during engineering.
Elia answer:
No tele-protection system between wind turbines and departure bay - would be too complex to imple- 28
ment and to maintain. Reserve protection via protection installed on departure 66kV feeder (overcur- '
rent, zero-sequence overcurrent and distance reserve zones). Coordination of protections (settings,
reaches and time delays) to be discussed in detailed engineering phase.
[BOP_29] | Connection Requirements - Secondary systems - Signal exchange
The proposed measurement converters have a too slow response time and insufficient feature set to
be compatible with the plant controller of the wind farms. A direct connection of the measurement de-
vice (e.g. Elspec) of the plant controller to CT/VTs will be required. Has Elia performed a check with
WTG OEMs that their listed requirements are fulfilled for the measurement devices of the major OEMs?
Elia answer:
2.9.2

Elia confirms the possibility to use a standard OEM measurement device. Strong speed of reaction is
needed not only for reactive control but also for active control
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[BOP_30] | Connection Requirements - Secondary systems - Signal exchange
Why does Elia specify lifetime and redundancy requirements for measurement converters / devices
which will remain property of the wind farm developers? This should be the choice of the wind farm
developer.
Elia answer:
2.9.2
The requirements as mentioned in the report make sure that the windfarm developer’'s equipment is
aligned with the Elia standards.
[BOP_31] : Connection Requirements - Secondary systems - Signal exchange
Elia should provide for the necessary measurement converters that fulfill the OWF requirements to
establish an OWF control system that is capable to achieve grid code compliancy.
Elia answer: 292
The proposed measurement convertors such as SINEAX DM5F remain the preferred solution for Elia
[BOP_32] | Connection Requirements - Secondary systems - Signal exchange
Considering compliance is evaluated at Access Point level and not at Connection Point level, is the use
of summation CTs for the PPC allowed or does Elia expect the PPC to be able to regulate the individual
66 KV inter array bays to different levels?
Elia answer:
153
Elia provides clarification in Section 1.5.3
[BOP_33] | Connection Requirements - Secondary systems - Signal exchange
Why is TASE2 proposed as protocol for e.g. the wind speed and wind direction signals while these are
also realised in IEC104 on the existing offshore wind farms?
Elia answer:
2.9.2
Elia provides maodification of Signal list in the update of the public consultation in Section 2.9.2
[BOP_34] | Connection Requirements - Secondary systems - Signal exchange
The "Emergency Elia“, "Blackout Elia" and "Grid Restoration Elia" signals should not be in the list of
signals from the wind farm to Elia (Figure 34), or are these expected as a feedback / confirmation of
receiving these signals?
Elia answer:
2.9.2
Elia provides modification of Signal list in the update of the public consultation in Section 2.9.2
[BOP_35] ! Connection Requirements - Secondary systems - Signal exchange
The list of signals is not complete, e.g. ancillary services such as the VSP will require additional signals.
Also additional interface signals are expected, such as fire alarm in the OWF room, CCTV feed in the
OWEF room,...
Elia answer:
2.9.2
Elia provides modification of Signal list in the update of the public consultation in Section 2.9.2
[BOP_36] | Connection Requirements - Secondary systems - Signal exchange
The list of signals is not complete, e.g. ancillary services such as the VSP will require additional signals.
Also additional interface signals are expected, such as fire alarm in the OWF room, CCTV feed in the
OWEF room,...
Elia answer:
2.8
Onshore: space/layout for OWF shelter with a max. dimension of 3,8x12m per OWF shelter will be
provided
[BOP_37] | Connection Requirements - Marine and works coordination - Access to Island (§2.10.2)
Cf. §2.10.2.2 page 52:
Why does the site-specific induction need to be created by the Contractor? It is assumed that for gen-
eral access and egress, safety, related topics, Elia will prepare a site-specific induction as well?
Elia answer:
A general site-specific training will be the “AVIO-GSIO” training “Algemene veiligheids Instructies Off- 210.2
shore - General Safety Instruction Offshore” which is a training developed by Elia for the PEI project. .
During the PEI project several contractors will be working on different zones and modules of PEI. During
construction, the modules might will not yet be under the ownership of Elia. In that case, a specific
site/module/zone induction has to be created by the Contractor.
[BOP_38] ! Connection Requirements - Marine and works coordination - Training requirements (82.10.4)
Will the Elia Electrical Training and BA4/BAS5 task specific requirements apply to all works, or only to
works in / near the electrical facilities? E.g. also for crane drivers responsible for lifting the concrete
covers of the culverts,?
Elia answer:
It will depend on the reason for visiting, the scope of work and whether it is electrical works or not. 2.104

BA4 will be a minimum requirement for all non-electrical works.
In case electrical works are to be executed, a BAS certificate is mandatory. It depends on the scope of
which BA-certificate is required.
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- The "Informed persons" (BA4) are those persons who have received adequate instruction regarding
the electrical risks associated with the work entrusted to them

- "Skilled persons" (BA5) are those persons who, through knowledge acquired through training or
experience, can themselves assess the hazards associated with the work to be performed and deter-
mine the measures to eliminate or minimize the resulting specific risks.

Note that a person who has no BA4 certificate can be guided by an BAS certificated Elia agent.

[BOP_39]

Dynamic and Harmonic - Additional requirements

“Following Article 110 82 of the Federal Grid Code, the Transmission System Operator may introduce
additional requirements applicable for offshore wind farms.”

The Federal Grid Code stipulates that a justification of the additional requirements from a grid perspec-
tive but also has to take into account the effect of the requirements on the offshore production units.

Elia answer:

Indeed, this is what has been done and the reason why the additional or adjusted requirements have
been discussed in Task Force meetings and are presented in this public consultation

3.1

[BOP_40]

Dynamic and Harmonic - Conformity process - Appropriate party to perform the studies and
simulations.

This is e.g. consistent with other jurisdictions and the development of RfG2.0 where on the European
scale there does not appear to be a need recognised for wide-area EMT simulations to be performed
by Customers even though RfG2.0 is specifically written to account for the increased penetration of
IBRs. Also looking for instance and specific TSOs, in Ireland which has a significantly weaker grid than
Belgium, EirGrid is considering the need for interaction studies to be performed in areas with high
penetration of IBRs but has since confirmed that EirGrid as the TSO is the most suitable party to per-
form these interaction studies.

Elia answer:

The RfG enables several ways for conducting simulation studies. The RfG does not prevent TSO to
require wide-area EMT simulations. Moreover, the level of concentration of large converters in the Bel-
gian Coastal area and relatively large electrical distances from a declining number of synchronous
generators collectively make this project without clear reference elsewhere in Europe and even in the
world. Furthermore, it should be noted that interactions between power electronic interfaced devices
can happen in weak or strong networks, and the key factor influencing these interactions is high con-
centration of power electronic interfaced devices. These justify the need for ELIA to look towards more
adequate approaches to assess the conformity of the installation compared to what might be done
today in many European countries. When wide-area EMT studies are necessary, Elia shall also before-
hand perform his own feasibility study using reference models for the future asset, and if necessary,
foresee the needed grid reinforcement in order to solve potential identified risk of stability. The required
EMT SMIB and wide area studies during the conformity to be performed by the client only aim at en-
suring that the design and tuning of the client's installation doesn't introduce new risk of stability.
Lastly, ELIA suggests that an efficient and accurate conformity assessment resulting in a stable per-
formance of the new Asset from day one, avoiding the need for costly repetitions and delays later on,
is not only in the interest of the transmission system, but also in the interest of all grid users, including
the new Asset itself in particular.

3.8.7

[BOP_41]

Dynamic and Harmonic - Conformity process - Appropriate party to perform the studies and
simulations.

Since wide-area simulations are very complex, time consuming calculations which are prone to mod-
elling issues related to third party black box models, which are subject to NDAs with Elia and not visible
to a Customer, there is a significant risk that requesting a Customer to perform these simulations would
result in very complex communication lines, delays in the grid compliance process and eventually de-
lays in the project execution and energisation, resulting in significant costs.

Elia answer:

As stated in the previous answer, the need to validate conformity through wide-area EMT simulations
is seen as a must for ELIA in order to ensure reliable and stable performance of new Asset in the
environment it will be connected to. ELIA keeps the responsibility to develop and make to customer's
disposal performant (fulfilling stability criteria according to ELIA practice) models of the relevant sur-
rounding system around the Access point and models of the wider power system to the extent relevant.
Whoever will perform the simulations, the efforts and time will be very similar. ELIA believes that the
customer, being responsible for the design and tuning of the installation will be better placed with the
necessary expertise, via their OEM, in developing the most efficient parameters for the specific site or
improving the performance of the installation if necessary. Furthermore, direct access to any values
within the installation or at the interface with the system without being dependent on ELIA is a key factor
in reducing the need for several iterations and back and forth between various parties, therefore result-
ing in a time and cost efficiency which cannot be achieved at the same level with other approaches.

3.8.7

[BOP_42]

Dynamic and Harmonic - Conformity process - Appropriate party to perform the studies and
simulations.

Elia as the TSO is responsible for and owner of the wide-area network and has Contracts in place with
each of the Customers connected to it, providing the necessary tools to evaluate interactions on a more
granular level and allowing for direct identification of and communication with affected parties. Since
these simulations would fit in an overall system and new connection planning, this would also allow for
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the more efficient execution of these works by grouping new installations which are expected to be
connected in a similar timeframe in a single set of simulations.

Elia answer:

ELIA is proposing an approach that would allow any individual customer to be able to connect and get
FON without being dependent on the other customers, while still keeping ex-ante defined, proportional
and limited duties in case of evolution of the system or new connections take place around the Access
point. If ELIA would have to keep the only responsibility to ensure global stable behavior, then FON
could only be granted when ALL customers will have proposed their design and where mitigation(s) will
have be implemented in case non-conformities would be detected.

3.8.7

[BOP_43] | Dynamic and Harmonic - Conformity process - Appropriate party to perform the studies and
simulations.

Similar arrangements as proposed on the need for tuning of controllers and parameters based on the
outcome of the wide-area simulations can be retained even if Elia performs these studies.

Elia answer:

Whoever will perform the simulations, effort and time will be the same. Nevertheless, ELIA believes
that the customer, being responsible for the design and tuning of his installation will be better place and
more efficient in assessing and improving if necessary the performance of his installation if He is per- | 3.8.7
forming the simulations and get direct access to any values within his installation or at the interface
with the system without being dependent on ELIA. Moreover, the demonstration of conformity based
on simulation is a responsibility of the customer. If ELIA would have to perform simulation, it will still be
at the cost of the customer(s).

[BOP_44] | Dynamic and Harmonic - Conformity process - Appropriate party to perform the studies and
simulations.

Elia bases the need for wide-area EMT simulations on a calculated aggregated short-circuit ratio (SCR).
This aggregated SCR appears to be calculated by Elia for the single node operation which is the am-
bition, whereas the two-node operation is considered the reference case as indicated in earlier sections
of this public consultation. As a result, also the SCR should be calculated for the reference grid opera-
tion case.

Elia answer:

Aggregated SCR value which is presented in Section 3.8.9 has been calculated in the split node case 389

and the values is below the threshold justifying wide-area simulations

[BOP_45] | Dynamic and Harmonic - Conformity process - Appropriate party to perform the studies and
simulations.

Furthermore, the SCR at a certain node in the Elia grid is the direct result of the Elia’s long-term power
system planning in terms of number of transmission lines, transmission voltage, transformer specifica-
tions, connection of synchronous compensators, ... The resulting risk for dynamic instabilities is there-
fore the outcome of the planning choices made by Elia and should not be transferred in full to the
compliance process of individual connections.

Elia answer:

Indeed, this is the reason why ELIA has also decided to install onshore synchronous condensers close-
by the Coastal area to reduce the risk to a level where feasibility EMT detailed study performed by ELIA | 3.8.9
doesn't show instabilities. Nevertheless, looking at the total amount of installed power, the aggregate
SCR screening still justifies that detailed EMT simulations are needed to assess and ensure that the
real design and control tuning of the client's installation will lead to a stable operation in this area.

[BOP_46] | Dynamic and Harmonic - Conformity process - Appropriate party to perform the studies and
simulations

Finally, the conclusion of Elia that wide-area EMT simulations are required for the calculated aggre-
gated SCR values does not seem to be supported widely by the international community.

For example, the new EU Network Code RfG2.0 does not come to the same conclusion as Elia that
wide-area EMT simulations need to be performed by Customers as part of the grid compliance process.
Similarly, CIGRE Technical Brochure 671, which provides guidelines for the connection of wind farms
to weak grids and the related dynamic studies to be performed, does not recommend wide-area EMT
simulations to be performed.

Elia answer:

Elia understands that CIGRE TB 671 was developed 10 years ago and published 8 years ago. The
level of penetration in countries and states such as Australia, Ireland, Texas and UK was significantly
below the current levels. Furthermore, the main issue back then was the connection of a few remote
and radial, 100-200 MW, wind farms in a very weak part of the network. Such an analysis does not
require wide-area modelling then and now. However, a further challenge being experienced globally | 3.8.4
since then is high concentration of many GW range power electronic interfaced devices in weak or
strong part of the network likely resulting in adverse interactions if not carefully planned and studied.
These interactions are often very low frequency meaning that they can travel well within the power
system and interact with other power electronic interfaced devices nearby or even sometimes relatively
far. This can only be studied by wide-area modelling. None of these were the premise of CIGRE TB
671. However, we note that also CIGRE has published many technical brochures and journal papers
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related to the wide-area modelling especially in the past couple of years. This includes CIGRE 881 and
909, and several to be published TBs. Therefore, it is our view that while CIGRE TB 671 will remain as
an excellent source for SCR calculation methods it was not intended and should not be used for deter-
mining when wide-area studies are required. Last but not the least, 10 years ago even if the need for
wide-area studies were to be identified, none of the simulation tools back then or the computing power
available were capable of supporting such wide-area studies.

[BOP_47] | Dynamic and Harmonic - Conformity process - Appropriate party to perform the studies and
simulations
Furthermore, studies are proposed to continue, after finalization of detailed design, during the construc-
tion phase of the wind parks. In that stage, no more hardware changes can be considered. it cannot be
guaranteed that ‘tuning’ or ‘software’-type of solutions can sufficiently mitigate the identified risks.
Elia answer:
Indeed, as referred to in the sections 3.8.8.1 Non-conformance mitigation and 3.8.8.2 Proposal for 3881
. . : . o . 3.8.8.2
improved conformity assessment process, these further studies will be limited to control tuning and not
to hardware or sizing changes

[BOP_48] | Dynamic and Harmonic - Standard and additional requirements (83.3)
Cf. 3.3 page 61: "Unless explicitly mentioned in the text, the requirements have been already presented
and thoroughly discussed with the stakeholders during the Task Force Princess Elisabeth Zone and
ad-hoc workshops meeting."
This note seems to indicate the additional requirements have been discussed and agreed on with in-
dustry. For the avoidance of doubt, this is not the case as per the remarks on Chapter 3..
Elia answer:
The sentence written in the text never mentions that the requirements have been agreed but only men- 33
tions that they have been presented and discussed, which is a fact.

[BOP_49] | Dynamic and Harmonic - Technical requirements for voltage control (83.4) - New requirement
for injection and absorption of reaction power (§3.4.1.3)
The text related to moving the area of compliance within -0.3xPnom to 0.35xPnom still requires explicit
acceptance by Elia. It was understood during the Task Force that this would be allowed regardless,
given the high capacitive charge of the infield cables which may require moving this window to ensure
compliance. Please adapt the text.
Elia answer:

3.4.13

Elia confirms and provides the clarification in Section 3.4.1.3.

[BOP_50] { Dynamic and Harmonic - Technical requirements for voltage control (83.4) - Requirements at
Access Point instead of Connection Point (§3.4)
The requirements in §3.4.1.3/3.4.2.3/3.4.4.3 still refer to meeting requirements at the Connection Point
and to the PPM which is also defined at the Connection Point, while it was understood during the Task
Force and is confirmed in a later section that compliance is evaluated at the Access Point. How will this
be translated in the Connection Agreement, the Simulation Requirements, VSP T&Cs,...?
Elia answer:
The process of conformity shall apply at the level of the “Wind Park as defined by the lots” but
Nevertheless, this design and implementation shall have to right granularity to respect the requirements
applicable to the Offshore PPM Type D.
n this respect, and to ensure secure operation of the system in N and after contingency, it is important
that 3.8.9
- The voltage and MVAr control capabilities are implemented in line with the principles defined the PEZ
public consultation report (chapter 3.4) for which the capability of controlling the reactive power with a
droop has to be performed taking into account the voltage of the HV side of the transformer to which
they are connected while the reactive power shall be monitor and controlled at the level of the 66kV
busbar they are connected to
- The capability to remotely control or limit the active power shall apply at the level of each 220/66 kV
transformer proportionally to the power connected to each string

[BOP_51] | Dynamic and Harmonic - Technical requirements for voltage control (§3.4) - IEC104 protocol vs.
ReVolt (§3.4.4.3)
Figure 34 refers to the IEC104 protocol for the Mvar setpoint. Will this protocol replace the ReVolt
interface which is currently being used for Mvar Setpoints in the context of the VSP, or will two setpoints
exist in parallel?
Elia answer:
The actual view is that ReVolt interface will remain of application for the provision of Mvar setpoint from 29.2
ELIA to the Client. The list of signal exchange for OWFs is adapted accordingly

[BOP_52] | Dynamic and Harmonic - Technical requirements for voltage control (83.4) - Remotely switch

the reactive power control mode (83.4.4.3)

How will the new requirement to allow for remote switching of the reactive power control mode affect
the performance evaluation, penalty mechanism and remuneration of the VSP? Also in reactive power
control mode the wind farm is delivering voltage services (depending on the Q setpoint). Will this Mvar
exchange be remunerated as a manual control within the VSP framework?

It must be noted that such requirement induces new developments and cost.
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Elia answer:
As mentioned in the previous answer [BOP_51], it might still be the ReVolt interface that applies by the 15
time the first wind farm is connected. But the rules and the compensation foreseen to deliver the service '
might evolve over time. In any case a compensation can be requested, and the CREG will assess the
admissibility of it. As it is the case today, a remuneration should apply.
[BOP_53] | Dynamic and Harmonic - Additional requirements for active power forced oscillation (83.6) -
Active and passive damping (83.6.1)
Passive and active damping are represented as two independent designs. To be clear, it is typically a
case of passive damping AND active damping which is required to keep the accelerations and forces
acting on a wind turbine sufficiently damped.
Indicating the power profile of active damping in figure 54 as “non-acceptable behaviour” is not in line
with the recent proposal of Entso-e and WindEurope on this topic. Some oscillations caused by active
damping are allowed.
Elia answer:
Elia provides clarification in Section 3.6.3 363
What is not acceptable is an unlimited active damping. And indeed, the common ENTSO-e/
WindEurope proposal is defining how to keep limited active damping to ensure acceptable behavior.
[BOP_54] | Dynamic and Harmonic - Additional requirements for active power forced oscillation (83.6) -
Interarea oscillations (§3.6.1)
Has the risk for interarea oscillations been demonstrated and quantified by Elia / ENTSO-E by simula-
tions on a European wide simulation model?
Elia answer:
Elia provides clarification in Section 3.6.1
3.6.1
Simulation and precise numerical quantification of such a risk is still seen as not possible by ENTSOE
experts. Nevertheless, several experiences in the world and within ENTSOe have shown that forced
oscillations negatively impact and excite existing inter-area modes.
[BOP_55] | Dynamic and Harmonic - Additional requirements for active power forced oscillation (§83.6) -
Proposal of criteria for active power forced oscillation (83.6.3)
A range of values is mentioned in the draft ENTSO-E requirements for forced oscillations. Can Elia
confirm the default limits listed will be applicable to the PEZ? Clarity on the limits is to be provided prior
to tendering.
In other cases, a quantified motivation as well as a CBA should be provided. OWF technical capabilities
must be respected in any case.
Elia answer:
Elia provides clarification in Section 3.6.3 3.6.3
Elia confirms that default values will be used for the conformity of PEZ OWFs.
[BOP_56] | Dynamic and Harmonic - Technical requirements for the conformity process (83.8) - Availability
of models of future connections (83.8.1.2 and §3.8.8)
Detailed black/grey box models of future connections are not expected to be available at the time of
connection. While in theory it makes sense to include future connections in the assessments, the mod-
els to represent these assets will be based on generic models which may not be applicable under all
conditions. As a result, there will be significant doubts related to the validity of the results which is a
problematic basis to determine mitigation measures on.
Elia answer:
Elia provides clarification in Section 3.8.7.
Indeed, generic models will be used for these future installations. But these models will be part of the 387
more global black box model that ELIA will make at Client's disposal through its secured platform and o
that ELIA has used to assess and mitigate the risk of stability. Considering this starting point, it is
expected that, when replacing the generic model used by ELIA by its own specific model of its installa-
tion, the probability the Client would not be able to recover as stable behavior as the one assessed by
ELIA is low.
[BOP_57] | Dynamic and Harmonic - Technical requirements for the conformity process (83.8) - Aggregate
SCR index (83.8.4)
The proposed aggregate SCR index seems to originate from the CIGRE TB671 "Equivalent SCR",
although there is a slight difference in how the voltage dip on the two nodes is evaluated (3-phase
metallic short-circuit vs small voltage difference). What is the reason for this change?
Elia answer:
Elia provides clarification in Section 3.8.4 3.8.4
The aggregate SCR is a variant of the MIESC (Multi-Infeed Equivalent SCR) where the main reason
for the difference was to simplify the way to compute while keeping the spirit of the screening index.
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Another difference is that the aggregate SCR calculations in TB 671 is based on a pre-selected number
of power electronic interfaced devices. However, a quick pre-selection of plant's of relevance/im-
portance is not possible in Belgian power system due to the small and concentrated size of the power
system, with no radiality in the system. As such the use of voltage difference is to facilitate selection of
plant's of relevance/importance based on a deterministic criteria which would not be possible based on
original CIGRE TB 671 formulation. Moreover, ELIA would like to stress that the proposed aggregate
SCR has been developed with the support of one of the lead author of this CIGRE brochure.

[BOP_58]

Dynamic and Harmonic - Technical requirements for the conformity process (83.8) - Criteria for
RMS and EMT simulation requirements (83.8.4)

The conclusions for the criteria to define the requirements for RMS and EMT simulations deviate from
those of CIGRE TB671 Fig 7-16. Why are the Elia criteria more stringent than internationally recognised
principles?

CIGRE recommendations:

- SCR > 5: OK to use generic models to perform stability studies

- 3 < SCR < 5: Consult with model provider and equipment manufacturer. Use detailed RMS models to
do stability studies.

- SCR<3: Consult model provider and equipment manufacturer. Use manufacturer specific models. Do
stability studies with EMT models. Consult with manufacturer to tune controls as necessary. Examine
other mitigation measures as necessary.

Wide-area RMS and EMT based simulations are not proposed in TB671.

It should be noted that for direct connection to a collection circuit, CIGRE proposes to use SCR < 2
instead of SCR < 3 in TB671.

Elia answer:
Elia provides clarification in Section 3.8.4
The thresholds defined and provided by ELIA are based on feasibility risk assessment on top of world-

wide return of experience. This work has been supervised by international expert having deeply con-
tributed to the CIGRE brochure.

3.8.4

[BOP_59]

Dynamic and Harmonic - Technical requirements for the conformity process (83.8) - Modelling
of SMIB network (83.8.5)

How are the "similar type of generations connection on the same node" expected to be modelled ex-
plicitly if the related models are not expected to be available and if they are, not available to the Cus-
tomer to consider?

Elia answer:

The idea is to copy-paste the model of the Assessed Asset to those adjacent generations in order to at
least show that the design and tuning of the Assessed Asset would allow a stable operation if the future
adjacent assets would behave exactly in the same way. If not possible or as an alternative, default
model used by ELIA during its feasibility study shall be used.

3.8.5

[BOP_60]

Dynamic and Harmonic - Technical requirements for the conformity process (83.8) - Simulation
requirements (83.8.6/83.8.8)

The simulation requirements should be made explicit and clear in advance of the tender. Rough esti-
mates of scenarios and events to be considered lead to uncertainty and increased costs and project
delivery risks.

Elia answer:

The number of scenario and events shall be defined as accurately as possible considering the infor-
mation and expectation of grid evolutions or new generations/consumptions at the time the tender will
be proposed, as it has been done in the information presented in chapter 3.8.9. Nevertheless, when
the conformity process will start, this number shall be reviewed based on the updated information.

3.8.9

[BOP_61]

Dynamic and Harmonic - Technical requirements for the conformity process (83.8) - Perfor-
mance of collective assessment (83.8.7)

Option 4) where Elia performs the wide-area simulations should be the default option, since these are
an integral part of the responsibilities of Elia as part of the long-term power system planning. As a result
and since it relates to interactions between numerous Customers and possibly even cross-border in-
teractions, it is also not considered acceptable that the related costs are charged to individual clients
as part of their Compliance Process.

Elia answer:

The need to validate conformity through wide-area EMT simulations is seen as a must for ELIA in order
to ensure reliable and stable performance of new Asset in the environment it will be connected to. ELIA
keeps the responsibility to develop and make to customer's disposal performant (fulfilling stability cri-
teria according to ELIA practice) models of the relevant surrounding system around the Access point
and models of the wider power system to the extent relevant. Whoever will perform the simulations, the
efforts and time will be very similar. The customer, being responsible for the design and tuning of the
installation will be better placed with the necessary expertise, via their OEM, in developing the most
efficient parameters for the specific site or improving the performance of the installation if necessary.
Furthermore, direct access to any values within the installation or at the interface with the system with-
out being dependent on ELIA is a key factor in reducing the need for several iterations and back and

3.8.7
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forth between various parties, therefore resulting in a time and cost efficiency which cannot be achieved
at the same level with other approaches.

[BOP_62]

Dynamic and Harmonic - Technical requirements for the conformity process (83.8) - Legal re-
view of wording of the mitigation role and responsibilities (§3.8.8/8§3.8.9)

Further legal review on the wording of the mitigation role and responsibilities as described by Elia is
needed. The requirement for full responsibility and cost to be borne by the asset Owner for 5 years
after the connection for any non-conformance resulting from new connections is not acceptable. Also,
a CBA should be performed amongst Elia assets and other committed owners to look for the most cost-
effective acceptable solution.

Elia answer:

ELIA has defined and will further clarify the conditions when such need for retuning of performance by
an Asset Owner in this 5-year period might be required. Moreover, ELIA shall add an equity principle
to share the duty among the concerned relevant Asset: Rotating application of the request of assess-
ment/implementation, starting from the oldest illegible Committed Asset and including ELIA Assets.

3.8.8.1
3.8.8.2

[BOP_63]

Dynamic and Harmonic - Technical requirements for the conformity process (83.8) - Proposal
for improved conformity assessment process (§3.8.8.2)

The proposed conformity assessment process, and especially stage 3 and 4 related to the collective
conformity assessment and related mitigation process, result in significant risks for delaying project
energization and wind farm production and are not acceptable in the current form.

Stage 5A-2/5C-2: it is not possible for the PGM owner to install the required measurement devices
since Elia is not allowing the PGM owner to connect measurement devices to the CT and VT on the
Energy Island (ref section 2.9.2). Elia to install the necessary measurement devices on Connection /
Access Point level during the compliance testing.

Stage 5B-1: the need for conducting further tests, especially those involving the wider network, as
currently described is too open ended. Since this is scheduled prior to the FON in the compliance
process, this poses a significant risk in blocking and delaying the FON while waiting for suitable grid
conditions, completely external to and outside the control of the OWF.

Elia answer:

ELIA doesn't see it as a risk to delay the connection to the grid, but more as a way to speed up the
process without having to wait for the last customer in order to be able to provide ION or FON to the
first ones.

ELIA is foreseeing authorizing PGM to connect their measurement devices to the CT of ELIA. In any
case, for the OWFs connected to PEZ, measurement devices installed by ELIA might also be used for
the monitoring during the tests.

3.88.1
3.8.8.2

[BOP_64]

Dynamic and Harmonic - Technical requirements for the conformity process (83.8) - Application
to offshore wind farm to be connected to PEI (83.8.9)

Why is reference made to PEZ OWFs having a 350 MW size in the context of compliance? Please
confirm compliance will apply at Access Point level for the entire 700 / 1400 MW OWF as confirmed in
the paragraph below and not in 350 MW blocks. Further is mentioned “and shall be connected the Elia
transmission system on 66kV substation based on fully converter driven solution." ? What is the reason
to only mention fully converter driven solutions? Others are forbidden?

Elia answer:

The process of conformity shall apply at the level of the Wind Park as defined by the lots and "fully"
shall be removed

3.8.9

[BOP_65]

Dynamic and Harmonic - Technical requirements for the conformity process (83.8) - Application
to offshore wind farm to be connected to PEI (§3.8.9)

Furthermore, please clarify:

1) Is this SCR calculated for single node operation, or for the reference design case of two-node oper-
ation?

2) Is this SCR calculated to be representative at 220 kV or at the 66 kV connection points of the OWFs?
3) What do the HVDC_1, HVDC_2 and HVDC_3 represent? The referenced apparent power does not
appear to be consistent with the HVDC converter station design?

4) Has an evaluation been performed on the overall impact on the consumers resulting from these
design choices?

For example, an additional AC connection to shore would increase the export capacity to shore (as-
suming an adequate onshore backbone) and would increase the SCR at the offshore node, thereby
reducing the risk of instability and the resulting concerns for the security of supply.

Elia answer:

1) Computation has been done in both case, but the value given in the public consultation document
referred to the reference case

2) The value is computed at 220kV side

3) The 3 HVDCs refer to the 3 relevant HVDC in the onshore and offshore Belgian Coastal area

4) ELIA has performed feasibility study where the global system risk has been monitored and has
foreseen already stability enhancing assets for the zone .

3.8.9

[BOP_66]

Market design - Grid topology and Offshore Bidding Zone (84.1/84.3/84.5.4)
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Due to timing constraints and delays in proceeding with new grid capacity projects, the grid develop-
ments lack behind and a synchronization problem occurs between faster offshore wind developments
and slower grid extension. In this context shortage in grid capacity can be temporary. In order to avoid
slowing down offshore wind developments while waiting for a new regulatory framework developments,
a fast and steady regulatory solution is required in the benefit of society and the climate in general.

[BOP_67] i Market design - Grid topology and Offshore Bidding Zone (84.1/84.3/84.5.4)

bidding zone.

Additionally, it is expected that in reality the grid connection capacity to shore will exceed the 3.5 GW
quoted by Elia, due to on the one hand increased HVDC link capacity (2 GW is the industry standard
instead of the referenced 1.4 GW) and by utilizing the dynamic rating of the AC system due to the
inherent volatility of the load. This however may result in congestion to occur on the onshore grid due
to insufficient grid capacity in the West of Belgium, but this structural onshore congestion should not
be the reason to artificially reduce the grid capacity from the energy island and to create an offshore

Elia answer:

of PEZ.

The creation of an OBZ is not driven by onshore congestion. It is needed to efficiently manage the
allocation of scarce capacity on the interconnector itself, which is by design part of the hybrid concept

4.1

[BOP_68] | Market design - Grid topology and Offshore Bidding Zone (84.1/84.3/84.5.4)

Figure 70 refers to a technical capacity of the DC link of 1400 MW. Has Elia considered a 2 GW con-
nection, which is industry standard for a 525 kV bipole and therefore more readily available? This would
have the additional benefit of reducing the congestion on the energy island connection to shore.

Elia answer:

and the substation of Gezelle.

As mentioned during a previous TF PEI, Elia is not blind to the emergence of a new industry standard
for a 525kV HVDC system. The HVDC system of the PEI has been tendered to allow the connection
of 1400 MW of offshore wind production located in the PEZ, combined with a HVDC interconnector. In
any case, whatever the final technical capacity of this HVDC link, the onshore reinforcements (Ventilus
and BdH) have been sized based on a total capacity of 3,5 GW between the Princess Elisabeth Island

4.1.

[BOP_69] | Market design - Grid topology and Offshore Bidding Zone (84.1/84.3/84.5.4)

UK,...) and project risks (go-live of Nautilus and TritonLink).

Several conditions with large uncertainty and varying time horizons (if realized at all) are presented as
key enablers to introduce an OBZ. These span technical risk to the grid stability and security of supply
(single node operation, DC circuit breakers,...), regulatory evolutions (implicit market coupling with the

Considering the uncertainty related to each of these conditions, the only sensible path forward is to
proceed with a Home Market Design until all of the preconditions are satisfied (and not just 1 precon-
dition as proposed by Elia, being the return of the UK to the implicit market coupling), after which a
thorough analysis of the impact and mitigating measures to implement an OBZ can be performed.

Elia answer:

sequence of split node operation on the scope of the OBZ.

1.4 GW DC connected wind (the Lot 3).

Clarification provided in Section 2.3 regarding split node operation and in section 4 regarding the con-

Furthermore, the return of UK to implicit price coupling is not a stand-alone precondition for the OBZ.
It is a precondition in relation to Nautilus in a scenario where Nautilus is the first interconnector making
use of the interconnector optionality of PEI. However, Nautilus is not the only possible interconnector
that can unlock this optionality. The TritonLink interconnector is another example. And there are other
options too. Therefore Elia strongly advices to take into account an OBZ will eventually come for the

2.3

[BOP_70] | Market design - Advanced Hybrid Coupling (84.3.2)

lead to further uncertainty with respect to the market design proposed by Elia.

Advanced Hybrid Coupling (AHC) is referenced as a needed building block to realize the OBZ target
market design in order to avoid reliance on forecast to calculate exchanges on external borders. While
the public consultation references a 2025 timeframe for the switch from SHC to AHC, the NRAs have
requested an extension of the timeline to decide on the TSOs proposal related to AHC. Concerns have
also been expressed by industry that the theoretical improvements that may follow from AHC may not
be feasible due to performance limits within Euphemia. Furthermore, AHC is expected to an increase
in lower energy prices for OWFs and an increased volatility compared to SHC. These factors combined

Elia answer:

against both price and volume risks.

performance of Euphemia in light of the ongoing implementations and future evolutions.

AHC will foster an efficient market arbitrage for the use of the onshore grid capacity. This will increase
the volatility of the prices in the OBZ, which can have both a positive or negative impact on the revenue
of the offshore wind. AHC also has a volume effect. The two-sided capability based CfD protects

Meanwhile the regulatory decision has been taken to move forward with the implementation of AHC.
The implementation is thus ongoing, both on CCR Core side as well as on MCSC (SDAC, Euphemia)
side, with a planned go-live in 2025.The MCSC governance has a framework in place to manage the

4.3.2
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[BOP_71] | Market design - Target market topology (84.3.3)

i.e. no zonal OBZ across several energy hubs is envisaged?

Reference is made to a Belgian and a Danish offshore bidding zone. Is it correctly understood that the
target market design is to have a nodal OBZ for each "energy hub" of the meshed offshore hybrid grid,

Elia answer:

being created so that the structural congestion is efficiently managed.

Whether or not larger OBZs will emerge when offshore grids become more and more

interconnector capacity and wind generation will be very frequently into competition with

The target market design implies the creation of an OBZ wherever there is a hybrid grid (energy hub)

meshed is not excluded. Yet Elia considers this as questionable and unlikely that it will happen as this
requires energy hubs to be dimensioned as copperplate, while within a meshed offshore grid

each other and hereby causing congestion on the links connecting the different wind hubs

4.3.3

[BOP_72] | Market design - Target market topology (84.3.3)
Does Elia have a timing in mind to couple other offshore bidding zones to the OBZ_BE?

Elia answer:

and OBZ_ DK is triggered by the meshing of the TritonLink Interconnector into the PEI.

Elia refers to the section 4.5.3 for the timing of OBZ: assuming that the Danish Energy Island results
into a Danish offshore bidding zone OBZ_DK, the creation of a bidding zone border between OBZ_BE

453

[BOP_73] | Market design - Target market topology (84.3.3)

Belgian price, in the next 40 years?

also the corporate (or cooperative) offtakers) can.

Can Elia deliver insights in the amount (in hours per year or season) of (partial) congestion and network
constraints? Please provide insights in 1) local congestion towards the Belgian shore and 2) congestion
from the Belgian shore to the Belgian load centres. How frequently will the OBZ price deviate from the

If Elia cannot easily answer these questions, one cannot assume that private parties (the OWFs, but

Elia answer:

the first step in the official process to create an OBZ.

zone context.

Insight in the frequency of congestion will most likely be part of the structural congestion report, being

Elia cannot be responsible for providing market predictions that would impact the business case of
offshore wind farms. Candidate bidders should rely on their own models and assumptions. Therefore
Elia has not assessed the accuracy of predicting wholesale or imbalance prices in an offshore bidding

433

[BOP_74] | Market design - Role of 2-sided capability based CfD

sulting from the introduction of an OBZ therefore are not adequately accounted for.

Reference is made throughout the Market design chapter to the two-side capacity based CfD mecha-
nism as a fundamental piece of the puzzle to de-risk investments in the PEZ OWFs. The tender condi-
tions however allow for a carve out up to 75% of the volume (50% corporate PPA, 25% cooperative
PPA) and the CfD price stabilisation mechanism only applies for a period of 20 years of the total ~ 35
years of operational life. The price and volume risks that result from the OBZ and AHC, and the transfer
of welfare from OWFs (price reduction and increased volatility) to Elia (increased congestion rent) re-

Elia answer:

whole.

On the whole, the loss of efficiency leads to a net welfare loss.

still be priced in, but are likely heavily depreciated compared to the initial investment.

Elia understands the uncertainties a subsidy-free Power Purchasing Agreement faces in the context of
the PEZ tender. On the other hand, a Power Purchasing Agreement is a commercial contract and the
candidate wind farms are free to choose whether to develop part of the volume without support scheme.
Both the risks and benefits are entirely becoming to the parties signing the PPA and, as with any com-
mercial agreement, risks are considered and priced therein. Elia cannot make a value judgement on
whether potential benefits outweigh the risks and respects the freedom of choice for the wind farms in
this matter. However, in the design, Elia makes propositions that are to the benefit of society as a

In the same spirit congestion income is per regulation only allowed limited use, which always ends up
reducing the burden on the tariff payer, who in the end fund the cost of the infrastructure as well. It
should therefore be considered a societal benefit, rather than a pure benefit for Elia. In addition, less
efficient market design also leads to higher system operation costs, which will be charged in the tariff.

The duration of the contract for difference is a choice made by the government, but Elia observes that
this is in line with most CfD schemes already in place. Residual risk after the duration of the CfD could
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[BOP_75]

Market design - Use of Nautilus (84.5.1)

Does Elia have an insight or expectation on the foreseen usage of the nautilus connection?

Is there a high RES infeed expected from the UK? What is the correlation between wind production in
South of the UK and North of Belgium?

Elia answer:

The usage of Nautilus highly depends on the scenario and the time horizon.

In conservative scenarios, we observe a balanced use of Nautilus (both importing to- and exporting
from the UK). In more ambitious scenarios in terms of offshore RES integration, we observe that flows
are more often directed to Belgium. The correlation between wind production in South of the UK and
North of Belgium has not been analyzed as Nautilus does not only give access to RES located in the
south of the UK but also, via UK's onshore network, to other RES located further inland and offshore.

45.1

[BOP_76]

Market design - Use of Nautilus (84.5.1)
Is there a high RES infeed expected from the UK? What is the correlation between wind production in
South of the UK and North of Belgium?

Elia answer:

See answer provided to item [BOP_75]

45.1

[BOP_75]

[BOP_77]

Balancing design - Respecting the current market design and roles

BOP is of the opinion that many of the proposed mitigating measures at least to some extent interfere
with the distinction between BRPs and their responsibility, and the TSO and its responsibility. A BRP
is responsible for balancing its portfolio, on a best effort basis, and Elia as TSO is responsible for grid
security and stability. The BRP is incentivized to fulfil this obligation as he is exposed to the imbalance
price while additional liabilities are foreseen in the regulatory framework. The mitigation measures
should not hamper the BRP to fulfil its obligations in any way. Elia should at all times ensure a level
playing field between BRP’s without offshore wind production and BRP’s with offshore production in
their portfolio and Elia should observe the principle of non-retroactivity of the mitigating measures re-
lated to the existing offshore parks. The mitigation measures should therefore be coherent and not
create any distortion between different actors and/or technologies.

Elia answer:

On the roles and responsibilities of TSO and BRPs in balancing the system, Elia refers to explanations
given in the introduction of Section 5.7. Elia also refers to the general principles of the mitigation meas-
ure design in the executive summary.

5.7

[BOP_78]

Balancing design - Respecting the current market design and roles

The identified issue related to balancing, i.e. a fluctuating and intermittent electricity generation profile
with the possibility of fast ramping events in both directions that requires a flexible energy system, is
not specific to offshore wind but rather a feature of several renewable energy sources, and given the
energy transition, an important aspect of the energy market of tomorrow. A system-wide view of man-
aging these fluctuations has to be developed. This would mean that, with respect to the measures
implying constraints for wind parks, Elia can only activate a measure as last resort and based on ob-
jective criteria and activation triggers (which still need to be developed). All measures should be up for
re-evaluation on a regular basis, e.g. every 2 years, to confirm the actual need of the measure and/or
adjustment of the activation criteria. If the need is no longer confirmed, the measure is to be automati-
cally deactivated. Such an approach allows for more flexibility in time to introduce new measures and
avoids overregulation when the need is no longer there.

Elia answer:

Elia agrees with the principle of last resort and believes that the measures are designed and presented
as such (in Section 5.7). An additional element of reporting and potential improvement of the proce-
dures is added in the report (Section 5.7)

5.7

iBOP_79]

Balancing design - 2-sided CfD is not a full cover solution (85.1/85.7.2.3/85.7.3.3)

Similar as in the Market Design chapter, reference is made throughout the Balancing Design chapter
to the two-sided capacity based CfD mechanism as the reason why financial compensation to the
OWFs is not needed when implementing these measures. For the same reasons, BOP disagrees with
this statement.

The tender conditions however allow for a carve out up to 75% of the volume (50% corporate PPA,
25% cooperative PPA) and the CfD price stabilisation mechanism only applies for a period of 20 years
of the total ~ 35 years of operational life. The price and volume risks that result from the proposed
mitigating measures are therefore not adequately accounted for.

Elia answer:

Elia refers to answer provided for item [BOP_74]

433

[BOP_74]

[BOP_80]

Kindly provide a detailed planning for the individual parts of Figure 16 (rather than the general bar chart
included in Figure 21).

Elia answer :

Elia refers to the current planning that has been shared in Section 5.6.5.

5.6.5

[BOP_81]

Planning is not in line with latest tender information by the government. Even without considering (likely)
delays on Ventilus, the first WTGs will only be installed in 2029.
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Elia answer:

The planning is in line with the official webpage of the FPS Economy (https://economie.fgov.be/en/bel-
gian-offshore-wind-energyhttps://economie.fgov.be/en/belgian-offshore-wind-energy), last up-
dated on the 10" June 2024.

[BOP_82]

Balancing design - Ramp rate limitations

BOP is not opposed to a ramping rate limitation as a technical possibility, triggered by a system-wide
indicator. However, BOP requests that it is remunerated in accordance with the EU Electricity Market
Regulation and that it should be applied in a technology-neutral manner (i.e. not only offshore wind),
as offshore wind is NOT (always) causing the balancing risk. (see BOP report)

Elia answer:

On the justification of the general design principles, Elia refers to the introduction in Section 5.7.

5.7

[BOP_83]

Balancing design - Preventive curtailment

Considering the difficulty of adequately forecasting downward ramping events and the performance of
Elia's existing forecasting tools, extending preventive curtailment to non-storm conditions is not consid-
ered an acceptable measure in its current form.

Elia answer:

Elia provides clarifications in Section 5.7.3.1 on the predictability of ramping events.

5731

[BOP_84]

Balancing design - Preventive cap

BOP questions the need for a real-time operational preventive cap applicable to the offshore wind parks
connected to the HVDC system as onshore grid constraints will be the bottleneck in the system. In
accordance with the EU Electricity Market Regulation this proposed measure is to be categorized as
non-market based redispatching and as such are to be fully renumerated.

Elia answer:

Elia provides clarification in Section 5.8.2.1 (sub-section on implementation of the preventive cap).

5.8.2.1

[BOP_85]

Single node

Due to uncertainty of the single node vs two-node operation, the wind parks in the first two concessions
also are subject to an additional uncertainty whether this preventive cap will applicable. A perspective
on the hours of activation and loss of production is to be given in the tender requirements documenta-
tion to be able to account for this uncertainty. Obviously, any additional uncertainty drives up the strike
price.

Elia answer:
Elia provides clarification in Section 4.3.1

Elia has meanwhile updated the assumptions on the single/two-node operations in the Taskforce PEZ
of the 16th of May 2024 and updated the consultation report accordingly. In our view, the new base
case where the first two tender rounds are expected to remain in Home Market should strongly mitigate
this concern.

431

[BOP_86]

In order to provide an accurate voltage, reactive and active power control service, redundant real-time
access to voltage and current measurements is required. The windfarm owners must receive the meas-
urement data 1 on 1; there cannot be any differences.

Hence our request towards Elia remains to install Elspec PQ analysers instead of Sineax converters to
avoid OWF control problems. Statement "Other measuring convertors can only be implemented when
the minimum requirements have been fulfilled and validated by Elia" should allow for this, but to exe-
cuted by Elia. It should not be pushed towards the OWF owner after almost 2 years of TF discussions
and OEM confirmations

Elia answer:

Elspec and Bachman are 2 brands that are known. The requirements as mentioned in the report make
sure that the windfarm developer equipments are aligned with the Elia standards.

To be added in report:

The requirements for the measurement covertor/PQ analyser will be added in the tender documents.
For safety reasons Elia cannot allow a direct connection to a dedicated current transformer and voltage
transformer. Therefore, Elia concludes to install a measuring convertor (Convertor) in a dedicated OWF
cubicle for time critical purposes. Elia proposes the use of Elia validated convertors such as a SINEAX
DM5S or DM5F or equivalent as shown in Figure 32. Interface can be set-up via several interfaces e.g.
MODbus.

Other measuring convertors can be implemented when the requirements, in line with existing IEC
standars and OEM, have been fulfilled and validated by Elia. The requirements are:

1) extended current rating of 130% (1,3A);

2) continue thermic current of 150% (1,5A);

3) thermic resistance of 100A — 1s (minimum of 40A — 1s);

4) lifetime of the equipment of minimum 20 years;

5) software maintenance exclusively from onshore (remote);

2.9.2
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6) redundancy. Elia must be present during each intervention of the OWF. When doubts on reliability,
Elia rec-ommends the OWF to opt for redundancy

For 220kV only voltage will be supplied

The measurements can only be used for the automatic control of the wind turbines and not for any
other reason.

An intervention in case of failure will always be in supervision of Elia, therefore a redundant measure-
ment converter can be installed if needed (to cover repair time in case of failure)

[BOP_87] | Can Elia further clarify which part of the HVDC system is expected to be the bottleneck in their current
design ?

Elia answer:

As the tender procedure is still ongoing, it is still too early to know how the manufacturer will answer to | /
the tender, from a technical perspective. In any case, the DC system is sized as a system, without it
being the cable or converter that would act as a bottleneck.

Febeliec [FBC]
[FBC_1] Connection requirement
On the connection requirements, Febeliec at this point does not want to provide in-depth comments to
the proposed solution. However, Febeliec strongly insists that whichever solution is chosen should lead
to the lowest overall system costs, covering both system integrity and security as well as cost efficiency.
This also implies that in principle Febeliec is in favour of optimal use of (at least part of) the offshore
infrastructure for a.o. (hybrid) interconnectors, to ensure a better load factor and general usage of (very
expensive) grid elements. Febeliec takes note of the comments of Elia regarding DC circuit breaker
technology. While Febeliec is not an expert in the matter, it nevertheless insists that the technological
solution is chosen which best strikes a balance between grid security and overall system costs. Simi-
larly, Febeliec does not pronounce itself at this point regarding the phased approach proposed by Elia,
but also insists that a balance should be kept between grid security and overall system costs
[FBC_2] Dynamic & Harmonic
On the dynamic and harmonic, Febeliec is quite concerned regarding the potential impact on the Bel-
gian grid of the new system characteristics and the new and emerging power system phenomena of a
system with a very large share of invertor-based resources, as these could jeopardize system security
and/or unduly increase overall system costs.
[FBC_3] Market design
On market design, Febeliec takes duly note of the three critical enablers listed by Elia, the return of the
UK to the European single implicit price coupling, the application of an Offshore Bidding Zone (OBZ)
and the rollout of Advanced Hybrid Coupling (AHC) and fully supports the combination of these ele-
ments to avoid inefficient use of (very expensive) grid infrastructure. Febeliec also insists that the over-
arching societal optimum should be selected, ensuring the lowest overall system costs while preserving
system security. Febeliec also believes that a well-designed support mechanism is essential to ensure
the lowest overall system cost (while no support at all would presumably even result in a lower overall
cost). Febeliec is also worried about congestion management in case of overestimation of wind in fore-
casts or the violation of the technical limits of the grid in case of underestimation of wind in the forecasts.
Moreover, Febeliec underwrites the major drawbacks identified by Elia related to explicit coupling in
combination with a hybrid design and opposes any outcome which would allow for market manipulation
(a.o. due to the predictability of congestion), inefficiency and overall distortive effects on market func-
tioning. Febeliec also is worried about unused capacity in the offshore grid, which implies welfare
losses, as well as about congestion in the (onshore) grid, which implies redispatching costs, both at a
potentially important (cost) impact for the grid users. It is clear that a correct market design, known ex
ante in order to allow offshore wind developers to take it into account in their business cases, is funda-
mental to ensure grid security in combination with affordability for grid users, including the dual use of
(part of) the (expensive) offshore grid infrastructure. In any case, Febeliec is very much in favour of
ensuring complete clarity on the market design and all its implications ex ante, in order to allow all
involved parties to take these elements into account in their respective situations. Regarding the role
of (two-sided) capability based CfDs, a proposal of Elia, Febeliec finds this topic surprising in this doc-
ument and continues to see some worrisome effects, in particular related to ensuring grid security,
which at first glance seems to be covered quite well, while also guaranteeing a minimal impact on the
overall system costs, which does not necessarily seem to be guaranteed as also in the case of non-
production costs would be incurred by grid users. Elia’s proposal mostly seems to be taking into account
the business case for the developers, not necessarily the societal impact as a whole. Febeliec also
wants to express its concern that such design with a capability based CfDs introduces yet another
distortion to the Energy Only Market.
Elia answer:

Elia welcomes and takes note of the support of Febeliec for the market design.

Regarding the role of 2-sided capability-based CfD, Elia would firstly like to clarify that the Belgian
government decides on the support scheme. Elia only wanted to assess the risk coverage in the PEZ
context, in particular relative to the proposed market design. In addition to the benéeficial risk coverage
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money to begin with. Otherwise, the wind farm will have missed revenues in the market.

in the report, Elia finds this design to be least-distortive, especially when compared to support schemes
that pay out on injection. The capability-based CfD will still only pay out the difference between the
reference price and the strike price. To arrive at adequate revenues, wind farms will still have to take a
position in the market to also capture the reference price. Therefore, the capability-based CfD can pay
out for non-produced volumes, but this should only be the case if the wind production is not in the

[FBC_4] Balancing design

be linear but potentially almost exponential.

On balancing design, Febeliec most strongly insist on the central role of the Balancing Responsible
Party; who should ensure that his portfolio is balanced at any moment in realtime. This role does not
change depending on whether assets are located onshore or offshore, but is technology-neutral. More-
over, as the Belgian offshore wind area is relatively limited geographically speaking and (offshore wind)
forecast errors, which appear to be both frequent and quite significant, have major averse effects on
the stability and even integrity of the Belgian grid, Febeliec strongly supports the mitigation measures
proposed by Elia. Insofar Balancing Responsible Parties would prove to be able to fulfil their role cor-
rectly, maintaining balance in their portfolio, and not put in jeopardy the integrity of the Belgian grid,
Febeliec could towards the future accept the possible relaxation of some of these mitigation measures.
Nevertheless, this could only be considered based on sufficient and clear evidence that doing so would
not put at risk the Belgian system and/or massively increase the overall costs, including balancing
reservation and activation costs, to the detriment of Belgian grid users. Febeliec supports Elia’s position
that the proposed mitigation measures are proportionate in view of alternative solutions based base on
procuring additional reserve capacity, while giving BRPs all opportunities to self-manage the expected
impacts of storm and ramping events in the intraday and balancing timeframes, while maintaining safe-
guards in case they would not prove to be capable of doing so. Febeliec also wants to insist that in
case BRPs correctly fulfil their obligations, the impact of the mitigation measures on their positions
should be minimal or even non-existent, as should be the case for the offshore wind developers. Febe-
liec also believes that its almost impossible from a technical point of view for any system to cope with
potential ramp effects of up to 5GW, thus clearly warranting the need for mitigation measures for the
sake of system integrity. Febeliec also wants to point out that the expected upward and downward
balancing needs identified by Elia, both for aFRR and mFRR in the different scenarios indicate a mas-
sive increase of such needs, with equally massive cost implications for the gird users through the in-
crease of capacity reservation costs, reflected in the grid tariffs. While such increase cannot be avoided,
all possible measures should be taken to limit this impact as much as possible in order to ensure the
affordability and even acceptability of such massive offshore developments. This is even more so clear
when taking into account the shape of the current merit orders for both (capacity) products as these
indicate that (even minimal) increases could lead to significantly higher costs as the impact would not

Elia answer:

of the first parks in 2029.

balancing capacity procurements as little as possible.

Elia takes note of the support of Febeliec on the mitigation measures. On the possibility for a future
relaxation in the future: Elia refers that it explains in the report (cf. Introduction of Section 5.7 and
Section 5.9) that the procedures for triggering and activating the measure remain subject to regulatory
approval and that Elia foresees to submit its proposals for approval towards the foreseen connection

Elia takes note of the support of Febeliec on the need of the measures and the proposed design prin-
ciples. Elia elaborates in Section 5.5 on its ambition is to keep the impact of renewable generation on
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National Grid Venture [NGV]

[NGV_1] Connection Requirements and Dynamic and Harmonic

= NGV welcomes the opportunity to review the Elia technical proposals. In our view the consultation document
demonstrates that the technical proposals have maturity and are detailed in their consideration.

= We support Elia’s long-term aspiration to create a multi-terminal, multi-national HVDC energy hub that facil-
itates the connection of more renewable energy and supports the energy transition to net zero across Europe.
= It is noted that the island solution combining both Alternating Current (AC) and Direct Current (DC) technol-
ogy has been selected, with the island connected to the onshore network via 6 AC export cables and 1 HYDC
system for a total capacity of 3.5 GW.

= It is also noted that Elia is responsible for the transformation of voltage from the one applied by the offshore
wind turbines (66kV) to the one used to export the energy to the onshore network (220kV for the AC cables
and +/- 525 kV for the HVDC cable system).

= The consultation papers confirm the ambition to operate the Princess Elisabeth Island in “single node” (Fig-
ure 12), meaning that the AC part of the island would be coupled to the DC part of the island. NGV agrees
that in doing so, the cross-border capacity to BE would be increased.

= Whilst “single node” is the ambition, it is acknowledged that there are significant challenges related to the
dynamic behaviour of the power electronics connected in that area (wind turbines, HVDC converters, etc). As
a result, we understand that the current proposed design remains an operation in “split nodes” (Figure 13),
namely the AC part of the island decoupled from the DC part of the island. In this context, it may be helpful to
consider whether the potential for interaction is present at all load levels, or whether there are other opera-
tional measures that can be implemented to mitigate the challenges, particularly during low wind power con-
ditions.

* NGV encourages Elia to continue to explore technical solutions to maximise the potential capacity for cross
border flows especially until the ‘single node’ operation of the PEZ becomes feasible.

= NGV is also happy to continue to work with Elia on any technical aspects that would improve the socio-
economic welfare for both EU and UK consumers.

[NGV_2] Market Design

= We agree with the Elia assessment that the OBZ model is better suited to provide efficiency from market
and operations perspectives as the OBZ concept provides a market solution that better reflects physical con-
gestions and physical flows. The benefits of OBZ concept include inter alia, that it generally leads to more
efficient price formation, better reflects physical congestions and flows, and improves competition for capacity
across both on/offshore. As Elia also recognises, a challenge with the OBZ concept is however that it would
provide less market revenue to OWFs compared to the Home Market (HM) concept and so it could require
stronger support mechanisms (e.g. subsidies) to realise investments in socioeconomic efficient hybrid pro-
jects. In order to realise offshore hybrid assets, all parties would need to have a viable investment case. A
holistic perspective is needed which takes into account these considerations, and how key objectives of effi-
ciency of markets and system operations are simultaneously realised with net zero objectives. In this context,
we welcome Elia’s proposal for the establishment of appropriate provisions for the OWF in an OBZ context to
manage risks through capability based CfDs, which could be a good model to address this challenge.

= We need an efficient implicit trading solution between the UK and the EU in order to ensure the optimal use
of infrastructure and maximize benefits for society. We agree with Elia that explicit coupling in principle comes
with inherent inefficiencies and has major drawbacks when combined with a hybrid grid design.

= NGV supports OBZ-implicit as the most effective combined solution. While there will be implementation
challenges, OBZ with implicit is the most efficient and best supports key policy goals and facilitates the most
comprehensive end to end commercial-regulatory framework for offshore hybrid assets.

= We note that it would be very important to maintain close dialogue between the UK and the EU and com-
patibility between the ongoing development of market arrangements on both sides. We also advise against
developing transitional arrangements for HM to OBZ if possible, but if required to do so on the basis of implicit
trading and under a time limited period.

= The EU and the UK should work together on developing a coordinated long-term approach to offshore de-
velopment in the North Sea and on a model for future collaboration that ensures an efficient way of allocating
offshore hybrid interconnector capacity across borders (e.g., offshore bidding zones appear to support that
concept). In principle, all market arrangements should be aligned across both sides of an offshore hybrid
asset — this includes the bidding zone and regulatory arrangements.

= In addition, we need cooperation frameworks for the future development of the North Sea based on common
principles of how we are going to build the North Sea — including holistic discussions on ensuring a fair and
proportionate sharing of costs and benefits between the relevant stakeholders and taking into account the
connecting third countries.

= We recognise that there is a risk of divergence between the EU side and the UK side — that offshore hybrid
assets and connected Offshore Wind Farms in the EU bidding zone become part of the Single Day Ahead
Coupling (SDAC) while the UK side is organised under TCA arrangements. It would not be efficient or desir-
able to have two different market arrangements on the same end-to-end project. To avoid this, we urge closer
cooperation between UK policy and regulatory authorities with their BE/EU counterparts to ensure offshore
market arrangement compatibility. Closer cooperation in the North Sea level/NSEC framework will be crucial
to support further UK-EU collaboration. This will also facilitate the development of compatible market design
frameworks and market arrangements to avoid negative impacts on cross-border trading and future projects
in the North Sea and benefit all citizens. We encourage/welcome further efforts to coordinate and cooperate
on a common approach and vision for the North Sea with all North Sea countries involved in view of our
common ambitions to integrate offshore wind.
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* NGV is committed to continue working with Elia/other EU TSOs to develop OBZ model and compatible
solutions/arrangements to ensure greater certainty and continuity forward for future offshore hybrid assets
(e.g. OBZ + implicit from the start). Close collaboration on electricity trading arrangements, linking carbon
markets and continued technical discussion between the UK and the NSEC/EU are prerequisites to be able
to fully exploit the potential of renewables and grids in the North Sea and to help the EU and the UK reach
their common net-zero ambitions.

INGV_3]

Balancing design

NGV welcomes the detailed proposals and considerations provided by Elia of how the balancing of the system
could work under potential different market design arrangements/scenarios, and we would like to highlight the
following principles:

= Close coordination between the system operators on both the BE and the UK side will be critical, appropriate
operational and balancing agreements are needed between the UK and BE to ensure clear roles and respon-
sibilities, commercial terms, close coordination between the system operators and ultimately the overall effi-
cient operation of the hybrid asset infrastructure, both when fully in service and when one or more network
elements are on outage.

* We encourage Elia to explore technical solutions that would provide maximum capacity from cross-border
flows for the benefit of both EU and UK consumers. NGV are happy to work further with Elia, ESO/FSO/rele-
vant system operators, authorities, stakeholders on developing the necessary agreements and technical ar-
rangements to ensure efficient exchanges on the hybrid interconnectors.

Elia answer:

Elia confirms in Section 5.8.2.1 the ambition to have operational and balancing agreements with UK, and
other regions connected with the PEZ. Elia also mentions in the executive summary it will launch discussions
towards the commissioning of the cables

5.8.21

Next Kraftwerke [NK]

[NK_1]

Market design - HM vs OBZ

Bidding zones are not only designed to optimally manage congestion, but also to indicate where congestion
arises structurally and give a strong investment signal to solve it.

- From the moment Nautilus is active, there will be a structural congestion and a strong price signal to invest
in more interconnection capacity between the Energy Island and the shoreline. Or to increase consumption
in the OBZ, which is not possible.

- Elia suggests implementing ‘advanced hybrid coupling’ to further optimise congestion management. This
increases complexity and thus reduces transparency and, it seems to be a workaround solution. We strongly
believe that the solution is to increase the interconnection capacity between the Energy Island and the shore-
line.

- Finally, reorganising bidding zones should be done on a European scale, not only in a small bidding zone
like Belgium. Inefficiencies resulting from bidding zones containing structural congestion, such as the German
bidding zone, can have an impact on the ‘splitted’ Belgian bidding zone which are difficult to foresee, let alone
to understand

Elia answer:
On structural congestion and bidding zones:

- Elia is convinced that a forward-looking view on the optimal configuration of bidding zones, factoring in
how the grid and the energy mix will evolve, is essential. This is exactly what Elia brings forward for the PEZ
use case. This use case is particular in the sense that the structural congestion at hand is a natural feature
of a hybrid grid design.

- The objective of the market design, and the role of the OBZ here within, is thus to accommodate this grid
design by allocating the scarce transmission capacity in the most efficient manner. It is conscious choice for
efficiency, not a symptom of underinvestment.

On Advanced Hybrid Coupling (AHC):

- The implementation of AHC is a regulatory requirement stemming from CACM. Meanwhile this require-
ment has been materialized into a concrete design and 2025 implementation deadline for the DA CCM of
the Core CCR.

- Furthermore, there seems to be a misunderstanding of the concept of AHC. AHC will not reduce the grid
capacity but consider competition on both internal and cross-border capacity. If bids are not selected for this
reason, it means that other bids are providing more welfare for the use of the capacity.

- Finally, the flow-based parameters in relation to AHC will be published as part of the daily capacity calcula-
tion process in Core. In terms of transparency this is effectively an improvement compared to the current
practice of SHC which is based on forecasts

INK_2]

Market design - About the subsidy mechanism as a solution to lower the risk for the producers of low capture
prices in the OBZ

329



Elia | Technical report — Final outcome of the Task Force Princess Elisabeth Zone

- the Belgian government aims to maximise the use of corporate power purchase agreements (50%) and
direct citizen power purchase agreements (25%)

- The low capture prices for producers in the OBZ are not covered by the two-sided contract for difference, as
it could only be applicable on 25% of the volumes produced.

- Making society pay for the lower revenues perceived by the producers as a result of the implementation of
an OBZ is questionable. The cost and extra benefits of possible alternatives, such as increasing the intercon-
nection capacity between the Energy Island and the shoreline, have not been documented transparently
enough by Elia.

- Using an OBZ, or even the possibility that there could one day be an OBZ, will make it more difficult to set
up corporate and citizen PPAs.

Elia answer:

It is important to note that grid infrastructure costs and revenues factor into the grid tariff paid by all grid us-
ers. Therefore, it is always a socialization of costs, whether it is through CfDs or a less efficient design.
However, a less efficient design will increase the total societal burden. In contrast, PPAs allocate costs and
benefits to the parties signing the agreement only. When considering the target market design, Elia aims to
offer the most beneficial design for society as a whole.

INK_3]

Balancing design

- We understand that after the addition of the PEZ, it can become more challenging for Elia to keep the Belgian
grid balanced

- However, we emphasize that all limitations imposed on grid users as a result of grid design, grid congestion,
balancing needs, etc. are to be considered as a service offered by grid users to the market (we also refer to
chapter 2.3.1 700 MW flexible connection access)

- All ancillary services offered are to be remunerated in a transparent, market driven and technology neutral
way. This would not be the case here

Elia answer:

On the general design principles and remuneration of the mitigation measures, Elia refers to the arguments
given in the executive summary on balancing and in the introduction of Section 5.7.

5.7
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Luminus-NSOR [LN]

[LN_01] Please confirm that tender specification will prevail over current and futur Grid Connection Contract tem-
plates in case of conflicts
Elia answer:
Specifications that apply are those at the moment of the delivery of the requirements. That being said, the | 1.5.5
Federal and or European regulations (modernisation) might evolve over time and affect the OWFs. In any
case those new regulations might be retroactive but will have to come with a compensation CBA.
[LN_02] "This cable belongs to the connection because Elia is in charge of protecting it" (1) Could the responsibilities
of the different parties w.r.t. the cable to the first WTG be clarified (procurement, installation, mainte-
nance,...)? (2) Will there be coordination between producer and TSO on the design and choice of cable ?
Elia answer:
(1) Interfaces and responsibilities are added in the interface matrix that will be provided in the tender docu- | 2.7.1
ments.
(2) no coordination has been foreseen
[LN_03] Will the protection device foreseen by Elia protect the first cable or the complete string? (since a CB is not
mandatory for the first wind turbine)
Elia answer:
Protection of the complete cable is foreseen by 2 distance protections relays. First section in base time (app. 29.1
60-85% distance toward first WT) and second section with small delay for coordination reasons.
[LN_04] Please provide a template on the Proximity Agreement since this document is not regulated. If the template
is not available, when can this be expected, and can main principles be shared?
Elia answer:
153
Document will be part of the tender package
[LN_05] Proximity Agreement
How are impacts due to interventions by Elia or by other Producers compensated within the Proximity Agree-
ment?
Elia answer:
153
It will be detailed in the proximity agreement template
[LN_06] Grid Codes
Could the terminology "major change" be precised What would be the criteria?
Elia answer
The OWF will be compliant to the current RfG (1.0). It's unclear today what are the criteria to upgrate to the 155
RfG2.0. The definition of major change is unknown. It is well know for current exiting unit that need to update -
due to a major change to the current RfG. (the principles of a major change can be found in the modernization
principles)
[LN_07] (1) Will there be an impact for producers in the future swap from split to single node operations? (2) What
impact can be expected and what compensation be in place in case of loss of revenue?
Elia answer:
[S_07]
See answer provided to item [S_07]
[LN_08] Connection requirement - Windfarm Room
Can Elia clarify their maintenance strategy such that the appropriate level of redundancy required by the
OWEF developers can be understood. If maintenance is limited to critical visits only then additional redun-
dancy can be required.
Elia answer:
[BOP_08]
See answer provided to item [BOP_08].
[LN_09] (1) How will the curtailment in the flexible access connection be structured and compensated? (2) Will the
"Flex file" to be submitted to the GREG, include a cap on the injection limitations? (3) Will the flexible con-
nection access be limited in time? (2030 - BdH)
Elia answer:
. . . [S_04]
Elia refers to answer provided to items [S_04], [O_108] and [FBG_1] [0_108]
[FBG_1]
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[LN_10] Is this flexible connection access still required if AHC is implemented before 2029; In other words, will con-
gestion on Critical Network Elements not be optimized in the capacity calculation in the flow-based region
(Critical Network Element & Contingency CNEC)?
Elia answer:
Elia provides clarification in Section 2.3 regarding split node operation and in section 4 regarding the conse- | 2.3
quence of split node operation on the scope of the OBZ. As the 700 MW will not be operating in OBZ but | 4
under home-market, it will not be subject to AHC.
[LN_11] Coupling of the busbars for different lots: (1) how will the interactions between developers be defined during
faults of one export system? (2) How would the curtailment be put in place/compensated/calculated?
Elia answer:
[O_104]
See answer provided to item [O_104].
[LN_12] Connection Requirements - Ventilus timing
The construction of Ventilus is a pre-requisite for the connection of Lot 1 of PEZ. This is a major risk for the
OWF and construction cannot start if the timeline of the connection is not clarified.
In the planning shown in Figure 21 page 35 no buffer seems to be available between the end of the con-
struction of Ventilus and the commissioning of the first wind turbines. Can Elia confirm that there is no buffer
or that the construction period already includes a buffer? If so, how long is it? In the current timeline, Ventilus
seems to have become the bottleneck.
Elia answer:
As contracts are not yet finalized, no detailed schedule is available. More info will be provided in the tender
documents. The statement that the commissioning should happen within the 4 years is correct following the | /
last planning. The tender award will also take place as of the moment there is sufficient certainty on the
readiness of the onshore and offshore reinforcement. The KB liability is covering any possible delays off-
shore.
[LN_13] What is the power that can be connected to one cable bay?
Elia answer:
242
The cable bay will not be the limited factor as the design is built for 2500A.
[LN_14] Is it allowed to connect a string in loop configuration to two cable bays and open the loop in the string itself?
Elia answer:
Elia will not allow to have both circuit breakers located in the substation closed, thus only one circuit breaker 24.1
of the 2 strings will remain close.
[LN_15] Could Elia please clarify why the maximum power of each string is not limited?
Elia answer:
242
The cable bay will not be the limited factor as the design is built for 2500A
[LN_16] Are there any power balance requirements between the two secondary windings of each main transformer
?
Elia answer:
As in operation the couplers between busbars are closed, the power balance will be solved through the 2.4.2
busbars.
[LN_17] Could Elia clarify how the 5% overplanting was determined.
Elia answer:
Each AC export cable is dimensioned based on a wind-load profile of a 350 MW offshore wind farm. A higher
installed capacity could lead to unacceptable temperatures in the export cable due to a higher utilisation rate /
than the one the cable has been dimensioned for. The 5% overplanting offers the possibility to exceed the
350 MW capacity by up to 17,5 MW which, in combination with the other options offered, allows the devel-
opers to make use of the full capacity of the 350 MW blocks for a wide range of wind turbine sizes, while
avoiding unacceptable overloads on the AC export cables.
[LN_18] Was the possibility of overloading investigated?

Elia answer:

The overload capabilities of the different assets have indeed been considered in the analysis. They offer
significant benefits in N-1 situations, allowing in some situations to avoid disconnection of wind turbines and
reduce or even avoid wind curtailment.
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[LN_19] How will the WTG power boost functionality accounted for in the different Elia requirements (computation of
total installed power, overplanting, etc)?
Elia answer:
The requirement considered the maximum installed capacity including overplanting and power boost func- /
tionality
[LN_20] We understand that the new grid connection procedure may require from existing projects readjustment of
the controller setting when a new project gets online and leads to disturbances. Will this also apply to new
interconnections on the island (e.g. with HVDC transmission systems) thus potentially require new tests/
interaction studies and readjustment of settings?
Elia answer:
/
Elia confirms the statement
[LN_21] Who is responsible for the maintenance of the inter array cables in the drainage buffer zone and hang-off
room?
Elia answer:
/
Elia confirms that the windfarm will be responsible to for the maintenance
[LN_22] Does the contractor need to provide an accommodation vessel in case maintenance is required?
Elia answer:
In case maintenance is required, OWF owner should provide their own offshore logistics assets (CTV, SOV, /
accommodation vessel as required).
[LN_23] Will a pull-in methodology in the AC substation and on the energy island be foreseen by ELIA?
Elia answer:
Pull-in of the IAC is the responsibility of the Windfarms.
Elia will put at the disposal of the Windfarms equipment present on the Princess Elisabeth Island. The dis- /
posal of Elia equipments present on the Princess Elisabeth Island to the Windfarms as well as the conditions
attached to the disposal of this equipment will be described in the Proximity Agreement of the Princess
Elisabeth Island.
Elia will share relevant documentation for the tender.
[LN_24] Can ELIA please share the thermal calculations regarding the cable size in the vicinity of the energy island
and on the energy island?
Elia answer:
/
Elia will share the relevant information for the tender.
[LN_25] (1) Please share the design of the scour protection. (2) Is stabilization of the cable required near the energy
island?
Elia answer:
(1) Elia will share the relevant detailed design documents for the tender.
/
(2) Stabilization of the cable near the Energy Island is within the scope of works of the OWF. It is up to the
OWEF if and how stabilization of the cable is required near the Energy Island.
[LN_26] What is the distance between the J-tube and the GIS in the AC substation?
Elia answer:
The distance between the J-tube and the GIS in the AC Substation is function of the J-tube and the AC /
Substation. The relevant information will be shared for the tender.
[LN_27] In the event of a joint in the drainage buffer zone, who will cover the maintenance scope?
Elia answer:
/
Elia clarifies that the maintenance scope will be covered by windfarms
[LN_28] Is it possible that the hang-off room is temporary flooded? If so, what will be the maintenance requirements

and who will perform them?

Elia answer:

It is possible that the hang-off room will be temporary flooded. However, this remains very unlikely thanks to
multiple redundancies taken into account during design of the hang-off room. Detailed design documents of
the hang-off room will be provided during tender stage.
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OWEF are responsible for the maintenance of all the equipment that they have installed. Elia is responsible
for the maintenance of the hang-off room itself.

[LN_29] Will each Contractor have a separate cable corridor (culverts) in the drainage buffer zone?
Elia answer:
The relevant information will be shared for the tender. Roles and Responsibilities of each party will be clarified /
in the Interface Matrix which will be prepared by Elia. The Interface Matrix will be shared for the tender.
[LN_30] How will ELIA design crossings of cables in the drainage buffer zone? Will there be a physical separation?
Elia answer:
Inevitable cable crossings will be performed as per onshore standards. Cable trays are to be foreseen to /
ensure physical separation.
[LN_31] Is a crane foreseen by ELIA to remove the culvert lids if required?
Elia answer:
Pull-in of the IAC is the responsibility of the Windfarms.
Elia will put at the disposal of the Windfarms equipment present on the Princess Elisabeth Island. The dis- /
posal of Elia equipments present on the Princess Elisabeth Island to the Windfarms as well as the conditions
attached to the disposal of this equipment will be described in the Proximity Agreement of the Princess
Elisabeth Island. Elia will share relevant documentation as part of tender package end of 2024.
[LN_32] Are earthing points available in the drainage buffer zone?
Elia answer:
Earthing point connected to the earthing grid of the Princess Elisabeth Island will be provided within the /
hang-off room.
Elia will share the relevant detailed design documents for the tender.
[LN_33] Could Elia explain why a relatively high value of 4 kA has been chosen? Please confirm that this value will
not be exceeded in case of alternative operation topologies (Elia closing bus bar breakers)
Elia answer: [BOP_27]
Elia refers to answer provided for item [BOP _27] and clarification provided in Section 2.8 2.8
[LN_34] Could you clarify the active power control strategy? Where do we have to apply the active power control?
Elia answer:
The active power control strategy will send active power setpoint to the different wind parks to maintain the /
loading of the impacted asset (e.g. transformers and cables) within their design capability.
[LN_35] Please clarify the number of pairs of fibers dedicated to each windfarm?
Elia answer:
293
48 fibers will be foreseen for each OWF
[LN_36] Will the method statement (provided by the OWF owner) be reviewed by ELIA prior to access to the Energy
island? Can you share your document review process?
Elia answer:
The method statement provided by OWF owner will be reviewed by Elia prior to acessing PEI. Document /
review process will be shared in tender package end of 2024.
[LN_37] What is the impact of a delay due to ELIA coordination ? What happens if Elia's MIC gives last minute
instructions, resulting in standby and additional costs for the Producer ?
Elia answer:
/
Elia refers to the Proximity Agreement.
[LN_38] Is the understanding correct that if access is required due to an outage, the contractor will need to wait at

least 10 days prior to accessing?

Elia answer:

The understanding is incorrect. Employer will try to accommodate/facilitate an earlier access. Involved par-
ties may enter into an accelerated oral agreement if urgent and unforeseen repair works are required, fol-
lowed by written notification. The involved parties shall not commence the required reparation works without
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prior written consent of the other party which shall not be unreasonably withheld. Each party shall, where
practicable, always inform the other Party of urgent repair works at least 48 hours prior to the time it intends
to commence such repair works. The other party shall thereupon confirm within 24 hours whether it will be
represented during the repair works.

[LN_39]

Will the 4 requirements be the same for projects connected to HVDC and HVAC grid connections? If not,
what would happen in case of change in the topology during operation (in case of single node operation)?

Elia answer:

ELIA aims at having the same requirement for HYDC and HVAC connected wind parks. Elia has foreseen
enough flexibility in the definition of the requirements to allow the use of the same requirements.

[LN_40]

If Elia's 66kV voltage control device (automatic tap changer for HVAC grid connections or voltage controller
of a HVDC grid connection ) will not work properly or be out of order and the voltage at the PCC is moving
outside the given range ( +-5%) what is the expected / allowed performance or behavior of the wind farm?

Elia answer:

Outside the +/-5% of capability the installation is required to participate to the maximum of his capability to
the voltage control

34.1

[LN_41]

Can the study on the capability curve be shared?

Elia answer:

Elia refers to the slide presented in TF PEZ 14/12/2022 and available on Elia website:
https://www.elia.be/en/users-group/task-force-princess-elisabeth-zone/20221014-workshop

[LN_42]

Voltage regulated on high voltage side of the transformer: Is this also applicable for HYDC grid connections?

Elia answer:

The requested capabilities foresee the ability to operate in voltage control with droop or in Qcst control and
the possibility to switch remotely the control mode. Operationally, it is expected to have Vcontrol with droop
in case of AC connection and Qcst control in case of DC connection (i.e. operation in antenna on HVDC)

[LN_43]

What is meant by "parallel AC/DC connection" ? Does this relate to a single knot topology on the island?

Elia answer:

This is indeed the case where the wind park will be connected to the onshore via both HYDC and AC cables

[LN_44]

Is the retuning of ELIA assets only software related? Or can it include the installation of additional equipment
?

Elia answer:

Regarding ELIA assets, it might be both but of course, software retuning, including retuning of Committed/As-
sessed Asset, will always be prioritized

3.8.8.1
3.8.8.2

[LN_45]

Why is an efficient design of the imbalance market (through balancing cooperations with connected bidding
zones --> see chapter 5) not considered as building block of the targeted market design in chapter 4?

Elia answer:

Elia provides clarification in Section 5.8.2.1 that it has the ambition to have operational and balancing agree-
ments with UK, and other regions connected with the PEZ in order to optimize the overall costs of system
operation and balancing. It does not necessarily sees this as a pre-requisite for an offshore bidding zone.

5.8.21

[LN_48]

Will actions be taken to prepare market parties for the change in market design (e.g. simulations prior to
tender, parallel runs prior to implementation)?

Elia answer:

Elia cannot be responsible for providing market predictions that would impact the business case of offshore
wind farms. Candidate bidders should rely on their own models and assumptions for the tender. Therefore,
Elia has not assessed the accuracy of predicting wholesale or imbalance prices in an offshore bidding zone
context.

Insight in the frequency of congestion will most likely be part of the structural congestion report, being the
first step in the official process to create an OBZ.

To create visibility on how the new market topology shapes the results of capacity calculation and allocation,
it can make sense to run simulations. This will be clarified and detailed when defining the concrete imple-
mentation plan following a formal decision to create the OBZ.

[LN_47]

"The capability-based 2-sided CFD by comparison [with the TAG] provides exhaustive risk coverage all in a
single mechanism" - Please clarify how the current capability-based 2-sided CFD design protects for the
volume risks envisaged under 'TAG', i.e. the loss of income because a volume could not be offered to the
market due to export restrictions?
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Elia answer:

The 2-sided capability based CfD protects for the volume risks envisaged under TAG, and in addition covers
the price risk. If a wind bid is only partially selected in day-ahead, the price in the OBZ will be equal to the
price of that bid (not higher, since then part of the volume is paradoxically rejected). This means that the
wind farm will receive the OBZ price, which is likely close to zero then, for the part of the volume that is
selected. However, they will receive their AAP worth at the strike price, which will be independent of the
volume allocated in the market in the end. Since the park itself sets the price in the OBZ, they will still receive
the margin between their bid price and the strike price for the full volume (+- forecast error).

[LN_48]

What is the status of the discussions with the UK on implicit coupling. Are they in favour? Is the EC in favour?

Elia answer:

Elia cannot express the stance of government agencies on this issue. However, in 2023 both authorities
have actively sought technical inputs from TSOs on both sides on the market coupling solution under the
TCA. This exercise showed a long implementation time, significant cost and increased risks on the SDAC
market coupling for an expected but uncertain gain in efficiency compared to explicit coupling. In addition,
the uncertainties with respect to offshore development were flagged by the TSOs as a topic for further in-
vestigation. This while a return to full implicit market coupling for the UK is sure to be the most efficient
solution and would not suffer many of the drawbacks suffered from the TCA solution. It is Elia's view that
authorities should work towards a full return to implicit to enable the offshore ambitions and Elia is willing to
actively contribute to move this forward. Meanwhile Elia continues to advocate for this change.

[LN_49]

An investible climate can be achieved through a layered approach where good preparation and communica-
tion towards the market forms the foundation. On top of that, all types of production units in the OBZ should
be remediated for the volume risks resulting from closure of restriction of export capabilities by the TSO (as
identified by EC under 'TAG'). Subsequently, a dedicated 2-sided CFD should be designed to ensure in-
vestability in the offshore wind tender, taking into account the remediation measures already in place. Finally,
targeted actions taken by the TSO for operational security reasons must be neutralised for the involved actor

Elia answer:

For the Princess Elisabeth Zone specifically, Elia has attempted to provide transparent and exhaustive infor-
mation for candidate investors via this consultation document and the Taskforce.

More generic instruments are indeed often decided at European level, of which TAG is an example, to ensure
non-discrimination in the internal energy market. TAG is currently in the electricity regulation and will be
implemented. However, the implementing act (CACM 2.0) is still to be developed. At the Belgian level, it is
not possible to implement TAG until the legal framework is final. In addition, a legal framework is not a
contract, but a set of rules which may change over time. How TAG will work and how firm it will be is also
still unknown to TSOs at this stage. Hence, TAG is not yet in place and should not be considered in the CfD
design.

However, a contract for difference already compensates for the risk of TAG (as explained in LN 47) and the
proposed electricity market reform states in the recital that here should not be double-compensation for the
same risk covered under this provision. As such, capacity under a capability-based CfD should not be con-
cerned with TAG.

Lastly, measures taken by the TSO only lead to costs if wind parks have agency to avoid them. It helps the
total cost of the system to incentivize wind parks to actively help prevent issues related to grid security. If
these costs are compensated one to one, they will need to be revised and likely strengthened.

[LN_50]

In case no implicit coupling with UK and Triton is not operational yet, but technology has matured to execute
single node operation. Will single node operation be executed, or will it remain two nodes operation?

Elia answer:

Elia provides clarification in Section 2.3 regarding split node operation and in Section 4 regarding the con-
sequence of split node operation on the scope of the OBZ.

[LN_51]

Is Deep HWS a hard requirement? For patent reasons some OEM may not be in the position to provide
exactly the described performance.

Elia answer:

Elia provides clarification in Section 5.7.1.1 (including modifications on the shutdown requirements during
lower than 10 minute average intervals).

5711

LN 52]

How would a WTG power boost functionality and its random activation work together with the HWS require-
ment? This question is linked to question 19.

Elia answer:

Elia provides clarification in in Section 5.7.1.1.

5711

(LN 53]

(2) Will mitigation measures be imposed to parties in case the OBZ is balanced but the Belgian bidding zone
is facing severe imbalances? (2) How does this translate with the view on the fair allocation of the costs to
the responsible parties?
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Elia answer:
Elia provides clarification in Section 5.7.2.2, as well as further justification of the design choice. It also elab- 57.2.2
orates on the approach to monitor and mitigate this effect if needed.
[LN_54] What was the rationale behind the activation threshold of 500MW SI for ramp rate limitations? Can this
threshold change in the future?
Elia answer:
Elia provides clarification in Section 5.7.2.2 how the 500 MW threshold is determined based on the system 57.2.2
simulations.
[LN_55] "There is no financial impact on the subsidy revenues" is misleading. First, the support is a settlement and
not a "revenue". Secondly, the mitigation measures could create an imbalance cost not covered by the sub-
sidy mechanism. On top of that, the potential introduction of a cap on the total amount of support, would limit
the exposure that can be covered.
Elia answer:
Concerning the remarks on the impact of the support mechanism, Elia provides clarification in in Section 57.3.3
5.7.3.3.
[LN_56] "The measure will only be triggered when BRPs are not adequately covering the identified balancing risks"
Which cases are meant here ?
Elia answer:
57.3.1
The conditions of the activation and the pro rata allocation are explained in Section 5.7.3.1
[LN_57] Obliged preventive curtailment could results in a costly intraday/imbalance position due to a wrong forecast
made by the TSO, how does pushing these costs to the park owner translate with Elia's view on a fair allo-
cation of the costs to the responsible parties?
Elia answer:
On the implications of wrongful forecasts for the preventive curtailment measure, Elia refers to the additional 51732
clarification given in Section 5.7.3.2
[LN_58] "The measure will only be triggered when BRPs are not adequately covering the identified balancing risk".
Why is this triggered pro-rata with all BRPs active in OBZ and not only by the specific BRP who is not
adequately covering the balancing risk?
Elia answer:
5.7.3.1
The conditions of the activation and the pro rata allocation are explained in Section 5.7.3.1
[LN_59] Will a Belgian Master controller result in more expensive aFRR costs in BE? The reasoning: as FCR capa-
bilities are limited and therefore also aFRR means will be used for frequency control, leaving a more limited
& expensive pool for frequence restoration
Elia answer:
The aFRR activations and costs are not immediately impacted by the HVDC system (and the controllers), 5821
nor the offshore bidding zone structure. These are impacted by the unpredicted variations of additional wind e
power, regardless of the market topology. These are indeed likely to result in additional aFRR activations
(and aFRR needs). Elia does not see an immediate link with limited FCR as aFRR is activated on the ACE /
FRCE while FCR is activated on European frequency deviations. Elia does not see a causal relation between
the activation of FCR and aFRR.
[LN_60] Are balancing agreements with connected countries envisaged? What is the status of these discussions?
What would be the conditions of these agreements?
Elia answer:
Elia confirms in Section 5.8.2.1 the ambition to have operational and balancing agreements with UK, and 5821
other regions connected with the PEZ.
[LN_61] Will the offshore bidding zone have the same imbalance price formule as we are used to in the Belgian zone?
Elia answer:
5.8.2.2
Elia provides clarification in Section 5.8.2.2
[LN_62] How will the imbalance price methodology in the two areas evolve when the OBZ is installed?
Elia answer:
5.8.2.2
Elia provides clarification in Section 5.8.2.2
[LN_63] "the imbalance price in the offshore bidding zone might need to be adapted to reasonable values™: what are
reasonable levels? As the situation is beyond the control of the park owner and he has no means to resolve
the issue, doesn't this mean that the cost incentive lies with the wrong party?
Elia answer:
5.8.2.2

Elia provides clarification in Section 5.8.2.2
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[LN_64]

"in comparison to wind parks outside the OBZ, no portfolio advantages currently exist" Will there be investi-
gated how to unlock acting on portfolio level for BRPs active in the OBZ, in line with the statement that "Elia
will continue its efforts to ensure the participation of new flexibility in the market, and thereby the ability of
market players to balance their portfolio"?

Elia answer:

Elia refers to the explanations given Section 5.8.3.3 “Impact on reactive balancing” of the report.

5.8.3.3

FEBEG [FBG]

[FBG_1]

Connection requirement - flex access/compensation

FEBEG would like to highlight the problems and challenges resulting from the need to have a flexible contract
in for the first zone. Such a flexible contract will have an impact on the project. It imposes uncertainty of
income (due to uncertainty to distribute the energy), thus resulting into higher financing challenges. As al-
ready a significant amount of uncertainties are introduced for the future (see further), any additional uncer-
tainties, should be avoided especially for the beginning of the project.

We therefore urge Elia to take steps on this matter to ensure a stable profile for the developer and ask Elia
to limit the flexible access in duration as well as in volume. If for instance the Ventilus project would suffer
further delays, the market parties involved should be entitled to a compensation. This commitment should
be a part of the connection agreement.

Elia answer:
See answer provided to items [S_04] and [O_108].

Regarding the reference to Ventilus, there seems to be a confusion between:

1. The commissioning date expected for Ventilus and the link to compensations should this date not be
respected by Elia (-> KB liabilities), and

2. The flexible access granted to the 700 MW when Ventilus is finalized and pending the finalization of
Boucle du Hainaut (-> Flexible connection contract).

[S_04]
[0_108]

[FBG_2]

Market design - OBZ

[...] FEBEG can generally agree with the provided 'three critical enablers' for the target market design, even
though their presentation as equal requirements does not seem to give a wholly accurate picture of options
and target. Therefore, FFEBEG can generally agree with the provided 'three critical enablers' for the target
market design, even though their presentation as equal requirements does not seem to give a wholly accu-
rate picture of options and target. Therefore, FEBEG wants to include a balancing agreement with Ofgem as
a fourth prerequisite before the formal creation of the Offshore Bidding Zone.

Elia answer:

Elia confirms in Section 5.8.2.1 the ambition to have operational and balancing agreements with UK, and
other regions connected with the PEZ. It does not necessarily see this as a pre-requisite for an offshore
bidding zone.

5.8.21

[FBG 3]

Market design - OBZ

[...] In this context, FEBEG would like to reiterate its position mentioned previously on the uncertainties for
assets within this scope, and the need for Elia to be fully transparent on the timing and progress of the critical
enablers.

Elia answer:

Elia provides clarification in Section 4.4 that the OBZ is expected to emerge in the period 2030-2035. Elia
will monitor the drivers in alignment with authorities and continue to inform its stakeholders.

4.4

[FBG_4]

Market design - OBZ - CfD

[...] As part of the discussion of the future market design, Elia assumes that the assets located in a future
OBZ will enjoy support in the form of a Contract for Difference, with a specific design. This assumption is
then used as fallback remuneration option when discussing design options such as curtailment or the impact
of Advanced Hybrid Coupling on pricing. However, a good target market design should also provide correct
and fair remuneration or reimbursement even in the absence of the CfD support mechanism. As the proposed
CfD mechanism foresees the possibility for a carve-out volume, it should be assumed that part of the pro-
duction will not enjoy a CfD support. Elia should therefore also assess the possible impact of design choices
in the absence of a CfD support mechanism.

Elia answer:
The proposed market design accurately reflects the local value of electricity at any given point in time.

Elia understands the uncertainties a subsidy-free Power Purchasing Agreement faces in the context of the
PEZ tender. On the other hand, a Power Purchasing Agreement is a commercial contract and the candidate
wind farms are free to choose whether to develop part of the volume without support scheme. Both the risks
and benefits are entirely becoming to the parties signing the PPA and, as with any commercial agreement,
risks are considered and priced therein. Elia cannot make a value judgement on whether potential benefits
outweigh the risks and respects the freedom of choice for the wind farms in this matter. However, in the
design, Elia makes propositions that are to the benefit of society as a whole.
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[FBG_5]

Market design - OBZ - CfD

[...] Moreover, the proposed CfD mechanism will be operated under a closed-envelope principle, where the
total amount of support is pre-determined and limited. To avoid exhausting the CfD envelope prematurely
and thus to provide more investment certainty, it should be avoided that the CfD support is applied for other
purposes than providing direct price support, like congestion management or mitigating the effects of the
Advanced Hybrid Coupling. In this light, FEBEG requests that the concept of the Transmission Access Guar-
antee (TAG) is more seriously considered as a first line of support in case of restrictions of transmission
capacity for non-market reasons. Practically, it could be used to finance a price-lifting mechanism that puts
the market price of the OBZ at the level of the lowest neighboring bidding zone in case the interconnection
capacity is restricted for grid reasons (either because of physical restrictions, or if AHC would lead to reduc-
tions in calculated interconnection capacity to increase flows elsewhere in the grid). That way, the impact of
grid restrictions on the OBZ price is neutralized and the application of the CfD limited to what is necessary
to supplement the - corrected - market price to the strike price. In addition, FEBEG would like to remind that
the electricity regulation is setting obligations on system operators regarding congestion management and
redispatch. The proposed CfD, which is promoted by system operators (ENTSO-E), should not be used as
a way to escape from financial implications of these obligations.

Elia answer:

AHC will not reduce the grid capacity but consider competition on both internal and cross-border capacity. If
bids are not selected for this reason, it means that other bids are providing more welfare for the same ca-

pacity.

TAG does not absolve from competition on capacity either but does aim to issue a payment by TSOs that
have not made sufficient capacity available to the market to compensate offshore wind farms for a potential
loss in revenues. The proposed electricity market reform delegates the concrete implementation to an im-
plementing act (link with CACM is made in the recital), so this will be a European methodology to issue TAG
compensation. As long as the details of the implementing act are not known, it is unclear how congestion
income can legally be used to issue compensation like in TAG. It should be kept in mind that TAG is a new
use of the limited option a TSO legally has to use congestion income.

[FBG_6]

Market design - OBZ - CfD

The interconnection between the PEZ and the Belgian onshore bidding zone is made through a combination
of AC and DC interconnectors. For FEBEG, it is not clear from the document how in the target model the
combination of both interconnection types will be reflected in the flow-based market coupling, or if it will still
depend on an ex-ante allocation of flows through either of the interconnections.

Elia answer:

Clarification provided in Section 2.3 regarding split node operation and in section 4 regarding the conse-
quence of split node operation on the scope of the OBZ.

Concretely, this implies that:

- The 1.4 GW wind from Lot 3 will be subject to OBZ, and the resulting DC interconnector between OBZ and
BE will be subject to flow-based market coupling.

- The 2.1GW wind from Lot1 & 2 inject via the 6 AC cables under a home-market approach. These AC cables
are not subject to flow-based market coupling.

2.3

[FBG_7]

(1) Will there be an impact for producers in the future swap from split to single node operations? (2) What
impact can be expected and what compensation be in place in case of loss of revenue?

Elia answer:

Elia provides clarification in Section 4.3.1

43.1

[FBG_§]

Connection requirement - Windfarm Room

Can Elia clarify their maintenance strategy such that the appropriate level of redundancy required by the
OWEF developers can be understood. If maintenance is limited to critical visits only then additional redun-
dancy can be required.

Elia answer:

Elia will perform preventive and corrective maintenance, based on requirements from equipment suppliers
and industry standards.

[FBG_4j

Balancing design - General

We read throughout the document that the costs are to be bore by technologies originating the balancing
problems. Consequently, Elia favors the implementation of mitigation measures specific to and funded by
offshore wind farms as well as full exposure to OBZ imbalance price without BRP netting possibilities with
onshore portfolio.

This is a change of paradigm with regards to current balancing market design which struggles for a fair level-
playing field and technology-neutral rules. Can we expect that technologies being labelled as solving the
balancing issues could in turn expected higher remuneration than the others?

Elia answer:

On the justification of the general design principles, Elia refers to the introduction in Section 5.7.

5.7

339



Elia | Technical report — Final outcome of the Task Force Princess Elisabeth Zone

[FBG_10]

Balancing design — General

[...] However, we believe that points (i) and (iii) are not justified as they push back the costs of the grid
security in a discriminative way to offshore parks. These costs should be at the same time socialized and
minimized by applying the following:

(i) Interventions should be compensated by Elia (e.g. by means of redispatching bids activations and subse-
quent BRP balancing perimeter correction). This will put the incentive to limit the usage at Elia and prevent
BRP-SA to provision bricks of risks relying on pessimistic scenario’s;

(iii) implicit reactions should be netted for both onshore and OBZ portfolios of a same BRP. This will allow
BRP-SA to maximize the sourcing of renewable energy delivered to its customers while preventing him to
provision bricks of risks resulting on pessimistic scenarios of balancing exposures;

Elia answer:

On the justification of the general design principles, Elia refers to the introduction in Section 5.7. On portfolio
netting between BRPs in an OBZ, Elia refers to the explanations given Section 5.8.3.3 “Impact on reactive
balancing” of the report.

5.7
5.8.3.3

[FBG_11]

Balancing design - Mitigation measures - (i) Intervention

FEBEG acknowledges the need to introduce several mitigation measures to safeguard the grid security.
However, we do not agree that those measures are not remunerated by Elia.

This creates 2 main issues:

- on the one hand it is unclear how frequent those measures will be triggered and what will be the associated
costs to the BRP-SA;

- on the other hand, it does not put the incentive at the right party as it offers a free option to the TSO who
will not bear the associated costs while benefiting from the operational comfort of those measures.

FEBEG believes that Elia should consider those measures as being part of the redispatching bids which are
remunerated and whereby balancing perimeters are corrected. This would address the 2 issues identified
above. Furthermore, we see similarities on those measures and redispatching scheme as both are meant to
mitigate the risks of excess of energy at specific locations.

Elia answer:

On the justification of the general design principles, Elia refers to the introduction in Section 5.7. On the
impact of the measures Elia refers to the sections in financial impact corresponding to each mitigation meas-
ure.

5.7

[FBG_17]

Connection Requirements - Ventilus timing

The construction of Ventilus is a pre-requisite for the connection of Lot 1 of PEZ. This is a major risk for the
OWEF and construction cannot start if the timeline of the connection is not clarified.

In the planning shown in Figure 21 page 35 no buffer seems to be available between the end of the con-
struction of Ventilus and the commissioning of the first wind turbines. Can Elia confirm that there is no buffer
or that the construction period already includes a buffer? If so, how long is it? In the current timeline, Ventilus
seems to have become the bottleneck.xx

Elia answer:

Elia refers to answer provided to question O _109.

[FBG 13]

Balancing design - Reserve Dimensioning — (ii) Explicit Reaction

FEBEG has consistently advocated for a much more dynamic determination of the procurement and at the
time of writing this note, we can only observe that it is not the case. It makes no doubt that the high intermittent
volumes resulting of the increase of offshore capacity will require a frequent and dynamic calculation. For
the sake of clarity, we refer to dynamic procurement as the ultimate goal to procure what is physically re-
guested to balance the grid. Not more not less. Variables such as FRCE quality should not be an input of
the computation. Elia refers to huge challenges of integrating offshore capacity and points the predictability
issues of wind productions. In this context, implementing measures detailed in the document — to cope with
unpredictability — and procuring based on FRCE would not be consistent.

Elia answer:

Elia takes note of FEBEG'’s support for a dynamic determination of the procurement and refers to its dynamic
procurement roadmap presented to stakeholders (https://www.elia.be/en/public-consulta-
tion/20220914_study-on-procurement-strategies-for-a-dynamic-calculation-of-frr-means).  Elia has taken
this approach as assumption in its REA+ and HIGH FLEX scenario presented in Section 5.5.5 “balancing
capacity procurement”. Elia takes note of the remark of FEBEG that FRCE / ACE quality should not be an
input of the calculation and Elia assumes it refers to the new methodology on aFRR dimensioning where a
FRCE feedback loop has been implemented as a correction factor to ensure compliance with SO Regulation.
Elia refers on the answers in the consultation report on the LFC Block operational agreement
(https://www.elia.be/en/public-consultation/20230224_public-consultation-on-a-proposal-for-amendment-to-
elias-Ifc-block-operational-agreement).

555

[FBG_14]

Balancing design - Reserve Dimensioning — (iii) Implicit Reaction

FEBEG is deeply concerned that on the one hand the procurement of contracted capacity can be netted
between onshore and offshore zones; and on the other hand, BRPs having portfolio’s in both zones are not
allowed to net their positions. This decision is perceived as unfair, nor justified by legal basis and economi-
cally suboptimal for market participants who will ultimately pass through this burden to end-users.

Allowing BRP-SA to make onshore and offshore portfolios netting will be beneficial as they will maximize the
sourcing of renewable energy delivered to their customers while preventing them to provision bricks of risks.
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Fewer netting possibilities means higher balancing risks which in the end will be passed through the final
consumer. This would be punitive and further seen as extra penalties to the offshore parks.

Elia answer:

On portfolio netting between BRPs in an OBZ, Elia refers to the explanations given Section 5.8.3.3 “Impact 5833

on reactive balancing” of the report.

[SC_1] Connection requirement - grid design

As said in the document, the solution selected by Elia connect the Island to the onshore network “for a total
capacity of 3.5 GW”. Knowing that the additional offshore wind farms capacity in the Belgian part of the North
Sea ambitioned by the Belgium is 3.5GW, it is not possible to find the optimum for the Belgian society while
having access RES produced somewhere else in the North Sea.

The grid design proposed by Elia connect 4.9 GW installed capacity to the Island but the transmission to the
shore is only of 3.5 GW. This proposition is highly under dimensioned. With this limited capacity of transmis-
sion, the grid design exposes the Belgian society and citizens to strong offshore wind energy curtailment when
the first goal exposed by the government in the principles of the tender of the Princess Elisabeth Zone is to
ensure the highest possible injection of renewable energy into the Belgian grid.

Knowing this, Elia should design a grid that ensure that every produced kWh of the Belgian OWF can be
consumed by Belgian citizens and SME’s. For this, the installed capacity connect to the island should always
be equal to the transmission capacity to the shore.

Elia answer:

[O_110]
Elia refers to answer provided to item [O 110].

[SC_2] Connection requirement - flexible contract

The flexible connexion contract proposed by Elia for the connexion of 700MW of offshore wind capacity with
the possibility for Elia to curtail up to 100% of the production is highly questionable to SeaCoop. The offshore
wind development is entirely based on a limited risk guaranteeing the lowest possible cost for the citizens and
the SME’s. As said before the curtailment of Belgian offshore energy is not socially acceptable. Elia should
guarantee that the transmission network is able to bring the energy to the citizens at every moment and then
allow the PEZ developer to have access to a fixed connection contract by investing promptly in the onshore
grid. This will give the full power to the scheme developed by the government to reduce the strike price and
allow the Belgian society to have access to the greatest welfare gains possible. The TSO would then be wholly
part of the energy transition efforts.

Elia answer:

[S_04]

Elia refers to answer provided to items [S_04] and [O_108]. [0_108]

[SC_3] Market design - Offshore Bidding Zone

The market design proposed is studying the possibility, depending on some conditions, to create an Offshore
Bidding Zone to foster the competition for the transmission capacity. Elia defends that it could avoid a lot of
costly corrective measure or too conservative forecasting. SeaCoop strongly disagree with this view. As said
above, Elia should ensure to install enough transmission capacity to ensure the supply of offshore wind energy
to the citizens.

An OBZ setting the Belgian OWF in competition for the transmission capacities is once again in opposition
with the scheme built by the government. Each percent sell as part of a PPA would be at risk for the developer.
The main part of the risk would come-back on the shoulders of the government in the 2-sided-cfd when Elia
could as of now decide to review the grid design.

Elia answer: [O_110]
[O_108]
Regarding the challenge of the grid design, Elia refers to answer provided to item [O_110]. [S_04]
Regarding the impact on PPA's, Elia refers to answer provided to items [S_04] and [O _108].

[SC_4] Balancing design: Ramp rate limitations

The ramp rate limitation proposed by Elia have an impact on the volumes produced by the OWF, the buyer
of the energy. Even if limited, Elia acknowledges that it would also have a financial impact. Knowing that, the
burden of the measure should be compensated by Elia for the produced volume sitting under PPA.

Elia expose that this measure will be used even during normal wind speeds. This doesn’t seem justified. When
the LCOE is highly influenced by the total production of the turbines, the limitation of production should be
limited only when needed, under no other circumstances. Otherwise, the strike price could be higher than
necessary and so have an impact on the citizens consuming the volumes.

Elia answer:

5.7.3.3

Elia refers to the assessment on the financial implications of the Ramp Rate Limitation in Section 5.7.3.3. Elia 57392

also refers to the justification of the need for the measure in Section 5.7.3.2.
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Port Of Antwerp [POA]

[POA_1] Market design

Ter info:

L_2023157EN.01001101.xml (europa.eu)

(12) Bidding zones are designed to avoid grid congestion within the zone. To ensure that there is no electricity
grid congestion between the electrolyser producing renewable hydrogen and the installation generating re-
newable electricity it is appropriate to require that, both installations should be located in the same bidding
zone. Where they are located in interconnected bidding zones, the electricity price in the bidding zone where
the installation generating renewable electricity is located should be equal or higher than in the bidding zone
where the renewable liquid and gaseous transport fuel of non-biological origin is produced so that it contrib-
utes to reducing congestion; or the installation generating renewable electricity under the power purchase
agreement should be located in an offshore bidding zone interconnected to the bidding zone where the elec-
trolyser is located.

(13) In order to address national specificities of their bidding zones and to support the integrated planning of
electricity and hydrogen networks, Member States should be allowed to set out additional criteria concerning
the location of electrolysers within bidding zones.

Belgium has an important stake in this new regulation, especially the geographical correlation of the delegated
act. There is a deficit between the renewable electricity generation capacity in Belgium and the demand for
renewable electricity to produce refunobio’s (e.g. green hydrogen). It is therefore important that Belgian in-
stallations have the option to source the renewable energy from the other Western European Member States.
We understand that in the current bidding zone review, some Member States (Germany, Sweden, France,..)
will split their onshore bidding zone in regions. Also, almost all Western European Member States will create
offshore bidding zones. For some offshore bidding zones, direct (physical) connections will be foreseen (UK,
Denmark,...). For others, the offshore bidding zones ought to be connected through the onshore bidding zone
(the Netherlands, France,...).

What are the possible implications for the Belgian industry of this regulation? How can we guarantee that
Belgium based installations can source offshore wind energy from indirectly connected offshore bidding zones
(e.g. Germany, Scandinavia,..).

Some additional statements/suggestions:

-We share concerns with stakeholders that suggest that the existing bidding zones may undergo future
changes, leading to insufficient certainty for making investments.

-Expand the geographic correlation zone beyond bidding zones, given an adequate level of interconnection
between these bidding zones

-We agree with industrial entities the need to have additional clarifications regarding the neighboring bidding
zone rule. They seek insights into the rationale behind exporting power against the dominant flow, specifically
to a zone with a higher price.

-Member States have the authority to establish supplementary criteria related to the placement of renewable
energy production and electrolysers. Anticipated is the encouragement of locating electrolysers in areas abun-
dant with renewable generation, such as in proximity to onshore locations of offshore wind or near expansive
solar and wind parks. We would like clarification whether this is a valid assumption.

Elia answer:

For PEZ the possibility to source PPAs for electrolysers in Belgium is preserved as the Belgian OBZ is inter-
connected to the Belgian bidding zone.

Elia understands the concern raised is in particular focused on PEZ, yet it is a general concern how policies
for green hydrogen and congestion management fit together. Elia strongly believes in the zonal model ap-
proach, which has as natural feature that bidding zones evolve over time. Any potential mitigation to address
the concerns must not lead to an inefficient market design, but is rather to be found in how the congestion
management aspect is dealt with in (the application of) the green hydrogen regulation. /

Elia observes the green hydrogen regulation takes a simplistic view on congestion management. For example,
it is explained in the report that the price of electricity in an offshore bidding zone is subject to flow-based
pricing principles (due to the legal requirement to apply advanced hybrid coupling), covering a much wider
geographical area than the interconnected bidding zone.

Finally, Elia has always advocated for the possibility of member states to introduce GO schemes supporting

a higher temporal correlation of production and RES generation and this remains important.
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Consultant (Francgois Gerin) [I]

(1]

Merci pour cette consultation publique ; partage d'informations et transparence trés appréciés.

Un point me semble essentiel, mais n'est pourtant absolument pas abordé : la sécurité face au sabotage.
(terrorisme, géopolitique et autres) Les questions de ramp-up/down sont bien adressées mais, justement,
indiquent également qu'il serait catastrophique que tout le parc, ou méme une partie seulement, soit décon-
necté brutalement...Or c'est exactement ce gu'il se passerait si des explosifs venaient a étre largués en sur-
face ou déposés par sous-marin ("de poche", drone ou plongeur) a proximité de PEI, sans méme devoir at-
teindre I'Tle. Les attaques en surface (terrorisme, sabotage) ou sous-marines (terrorisme, géopolitique) me
semblent étre un élément totalement essentiel, a prendre en compte des le départ.

Et je crains vraiment, de par la tradition belge de négliger ces aspects, que ces cas de figure soient encore
et toujours considérés comme "pas possibles” ou "peu probables”, et donc pas étudiés adéquatement.
(Tout comme les délais et capacités de réparation !). Des filets sous-marins, espacés, doublés de moyens
de détection d'intrusion en surface et sous-marins également, me semblent parfaitement indispensables.
Ainsi que les autres "use cases" applicables, sans se cacher derriére le fait qu'une attaque aérienne serait
de toute facon inévitable. Les attaques aériennes sont trop évidentes, aujourd'hui c'est la guerre hybride qui
domine... Les sabotages récents des pipelines gaziers ne sont pas des cas théoriques, et ne sont pas I'ex-
clusivité des pays de l'est européen. Bruxelles, 'OTAN, I'Angleterre sont des objectifs stratégiques. Les en-
jeux sont trop importants, mais surtout la tentation pour les adversaires potentiels est parfaitement évidente
: en un point névralgique, il est possible de lourdement impacter une partie importante ou I'entiéreté de I'Eu-
rope. (Bien évidemment au pire moment, et non dans des conditions statistiqguement "moyennes".) J'espére
de tout coeur que le probléme a été sérieusement investigué, avec I'appui technique de I'armée belge (a
minima) et, de préférence, avec les services anglais et frangais, seuls dotés de compétences en attaques
sous-marines. Il en va de notre sécurité européenne, on ne peut plus considérer ce genre de projet comme
simplement un investissement économique. |l s'agit bel et bien d'un enjeu stratégique, donc militaire, car
directement lié a la résistance/survie de I'Europe. Parallelement, I'enceinte de I'lle (wave wall 1), faite d'un
simple "mur" semble bien fragile... Combien de temps pour réparer si des explosifs ou une torpille venait
détruite ne fat-ce qu'un seul c6té?2 ans? => Beaucoup trop.

Elia answer:

Firstly, thank you for this very relevant comment and for pointing out the potential underestimation of the
security risk in the construction of the energy island. Elia is indeed aware of existing threats as well as the
new challenges in terms of security that are coming our way. In order to meet all possible conditions for se-
curing such strategic assets, Elia's Security department, along with the Engineering & Projects and Offshore
Operations departments, has developed a high security concept to minimize the existing risks of criminal
offenses to an absolute minimum. As for scenarios such as air attacks or underwater attacks, we look to the
government, which also has a role to play in safeguarding one of its most important assets on its territory.
Also in terms of interventions in case of security incidents or in case of a gradual or permanent threat, the
necessary contacts have been initiated with various governments. Next, we would like to clarify that the loss
of the energy island could potentially have a significant impact on energy in our country, but without being
able to state that national supply security in this country could be compromised. Many more criteria come
into play to arrive at such a scenario. The island becoming a very important strategic asset can certainly be
confirmed, but the possible impact on Europe as a potential target may be slightly overemphasized. Finally,
we would like to emphasize clearly that the high-voltage network will always retain a certain vulnerability.
The "zero-risk" unfortunately does not exist. However, Elia is doing everything possible to optimally secure
its critical/strategic assets, this in close cooperation with the government, police & intelligence services, De-
fense, national crisis center, etc.

2.6
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6.4. Appendix 4: Tender Princess Elisabeth Zone

This section provides an overview on the different parts related to the tender offshore wind in the Princess Elisabeth

Zone and highlighted through the report. This list is non-exhaustive and doesn’t cover all other parts required for the

the tender of Princess Elisabeth Zone (environmental permits, etc) not in the hand of Elia.

Chapter

Description

Responsible

Available prior
tender lot 1

Section

Technical require-

Technical requirements for offshore wind farm
are described by Elia in the 'Technical connec-
tion requirement document' and submitted to

N ELY

ments Federal Authorities for the launch of Princess Elia e 155
Elisabeth Zone (PEZ) tender (commonly also
named "EDS")
Elia regulated contract already available on Elia Vs, B e
Elia Connection website and in application for PEZ tender. This Elia worl’< - 15&
Contract will be referenced in the 'Technical connection ork may 15.1
; . with time
requirement document
Elia regulated contract already available on Elia
Elia Access Con- website and in application for PEZ tender. This Elia \\/(vgfk lrj'rl:;fr:\r?o?ve 15&
tract will be referenced in the 'Technical connection ork may 15.2
’ , with time
requirement document
Lo Elia specific contract for offshore and will be
PFOX'm'ty & Cros- made available in the "Technical connection re- Elia Yes 15&
sing Agreements . " 1.5.3
quirement document" for the tender
Document developed by Elia and based on best
Marine & Island practice from Industry. This document will be : VS, [BIGHEITS 15&
- N - ' " . Elia work may evolve
Coordination made available in the Technical connection re- S 15.4
; " with time
quirement document" for the tender
Regulated document available online. This will
be referenced in the 'Technical connection re- CREG supported Yes, but frame-
Connection | VSP contract quirement document'. The VSP contract falls un- by Elia pp work may evolve | 1.5
require- der a specific tendering process which will most Y with time
ments likely evolve over time
Regulated document available online. This will BRP supported b Yes, but frame-
OPA/SA contract be referenced in the 'Technical connection re- Elia pp Y work may evolve : 1.5
quirement document' with time
. . Yes, but frame-
Flex file Framework described in the Code of Conduct CREG for decision | work may evolve 15&
and the Elia Federal Development Plan S 231
with time
Royal Decree "liabilities" already publicly availa-
ble on the "Monitor Belge". CREG for initiative Belgian Federal
KB liabilities towards Belgian Federal Government. The Bel- 9 Yes 21&23
. . Government
gian Federal Government has the formal right for
the approval of the KB liabtilies
KB tender Royal I?ecrge Tendelr' already publicly available : Belgian Federal Yes 21823
on the "Monitor Belge Government
. Principle defined in KB tender already publicly . .
B_alancmg correc- available. Design to be detailed in Ministerial De- Belgian Federal Yes_ i lnefple: /
tion factor . Government design TBD
cree (ongoing)
CfD — support Principle and details defined in KB tender Belgian Federal Yes 4.4.3
mechanism Government
) Technical requirement will be made available in
Ac“l"e power forced the "Technical connection requirement docu- Elia Yes 3.6
oscillation "
ment" for the tender
Voltage manage- Technical requirement will be made available in
9 9 the "Technical connection requirement docu- Elia Yes 3.4
. ment "
Dynamic & ment" for the tender
Harmonic Data & model provi- Technical requirement will be made available in
. p the "Technical connection requirement docu- Elia Yes 3.9
sion "
ment" for the tender
Technical requirement will be made available in
Conformity process | the "Technical connection requirement docu- Elia Yes 3.8

ment" for the tender
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Offshore Bidding

REGULATION (EU) 2019/943, Article 14 Bidding

CREG & Belgian

Zone zone review t'riggered by an Elia report on struc- Authorities No 45
tural congestion
EU-UK Trade Cooperation Agreement, Article
312 Electricity trading arrangements at all
timeframes. Elia together with other stakeholders : European Com-
Implicit coupling are engaging t_o EC and UK governmenf[ to high- mission, UK G(_)v-
with UK light the need importance of return to price cou- ernment, Special- No 4.3
pling. This can be done by an amendment of the ized committee of
respective chapters of Energy in the next revi- Energy (SCE)
Market sion of the Trade Cooperation Agreement, which
design for energy is foreseen in 2026
EU-UK Trade Cooperation Agreement Article
311 Efficient use of electricity interconnectors.
CACM network code: CCR Capacity Calculation
Methodology (Core / Central Europe). Core
TSOs have an obligation to implement Advanced : European Comis-
Advanced Hybrid Hybrid Couplin_g on _the external borders of the sion, UK quc_ern-
Coupling Core CCR, which will thus also become the tar- ment, Specialized No 4.3
get model for the UK borders once price coupling i committee of En-
is again established. The capacity calculation ergy (SCE)
methodology for the DA timeframe is formally
also to be set up in the new CCR Central Eu-
rope, where it can be expected that this concept
of AHC is maintained.
Yes but mecha-
Preventive cur- Operational p_rocedure via LFC block_ operational Zﬂgﬁﬁigg lt)?/ tI)E?ia ;';Tetg ;?O?p
A agreement (trigger) and T&C Balancing Respon- o 5.7.3
tailment sible (activations) for approval to commissioning.
’ CREG Framework may
evolve with time
Capability de-
fined in the tech-
Technical requirement will be defined in 'Tech- nical require-
nical connection requirement document' for the Proposals to be ments, but
P . tender + Operational procedure via Core Capac- submitted by Elia mechanism to
reventive cap . ) - 5.8.2
ity Calculation processes and local congestion for approval to be approved
management: T&C Scheduling Agent, Coordina- CREG prior commis-
tion Rules and Balancing Rules sioning. Frame-
Balancing wprk may evolve
design with time
. - Technical requirement will be defined in 'Tech-
ngh_Wlnd Speed nical connection requirement document' for the Elia Yes 5.7.1
requirement
tender
Capability de-
fined in the tech-
Technical requirement will be defined in 'Tech- Proposals o be mgilt;egﬂltre'
Ramp Rate Limita- nical connectio_n requirement do_cument' for the submitted by Elia mecha{nism to
tender. Operational procedure via LFC block op- 5.7.2

tion

erational agreement (trigger) and T&C Schedul-
ing Agent (activations)

for approval to
CREG

be approved
prior commis-
sioning. Frame-
work may evolve
with time
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