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Overview

This reconmendation paper sets out EirG€iaroposals fofFault Ride Through, Rate of Change of Frequency and Active
Power RecoverfFRT/RoCdRPR)requirements forall transmissiorconnecteddemandfacilities. Theapproval and
implementation of thes@roposalss neededn order to ensure that there are technical requirements that all demand
facilities includingany new transmissiogonnected demand facilitieemply with

Background

Fault Ride Through is a significant and growing challenge to the ability ®fdahemission System OperatorE§O9to
operate the power system securely. During transient faults on the transmission system, most data,@rdrethose remote
from the fault, automaticallyand near instantaneouskeduce their consumption from the grid and switch to their own,
temporary, backup sources of supplgnd do not return to their prdault level of demand for an extended periodata
centres respond in this way to protect their IT systems and processes, ensuring that the key services they provide to t
customers are maintained.

In October 2025, EirGrigublishedan information papetitteda [  NBAS 5SYlI yR Cl OAtAGe& CI dz
{ 2t dzi(theD VL& F 2 NIV | (i ATRispaperdetald th& background to th FRTssué, documented actualault
incidentsexperiencedo date, providedanalysis othe power systenimpact,and outlined the mitigatory actions
beingtakenand underfurther consideration Existing mitigation actions are outlined belovhelnformation Papegrlso
included information on theequirement fora Grid Codemodification to address the risk posed to system stabditg
subsequentisk to security of supplyrhelnformation Papemwas sharedvith key stakeholders for reviewith feedback
gathered byEirGrid and SONANn update to the Information Paper wasbsequentlyssued orl7 November 2025 reflecting
updates to theproposed Grid Codmodification based on stakeholder feedbadkelnformation Paperwas alscsubmitted

to the Joint Grid Code Review Paasla supporting document for thgoposedGrid Codamodification. The Information
Paperislinkedhere.

On 11 December 2025, ENT-EPublisheda recommendatioi,Jl LIS NJ ENTSkEpdsidh omithe need for national
connection requirements to ensure EU power system stabilitat recommended:

I TSOs tdake actions to updat@ational technical connection requirements as soon as possible to suppexidel
power system stability needdentified by ACER, the Grid Connection European Stakeholder Committee, and th
ECorganisedd NR dzy Rii I 0y & RN aDdzA @A Ry 6t S AyiSaNridiAzy 2F R

91 As this action may include involving the National Regulatory Authorities, Member States, and Distribution Sys
Operators, ENTSP encourages ACER and the Council of European Energy Regulators to convey this messag
towards the National Regulatory Authtieis and- where needed to ask them to support the TSOs for the above.

Risk to systensecurity
EirGridr y R { amdlykiiacluding througbystem studiesindicatesthat the loss 0©00MW of demandis the maximum
upper boundd a f 2 I R NB avBich iha TB@sleéni sriduld Beimanageable with the available operational mitigation|
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and system defence measures.levek of non-MPID345 complianiemandthat result in demand loss greater than thead
rejection limit, there isa high riskof a significant system incideas a result oan FRT incidentinless action is
taken Thisload rgection limit assumes mitigationactions(detailed below) are in place.

Managingthe FRT riskasrequiredthe implementation ofa range

of mitigation actions(outlined below)whichare requiredto ensure the secure operation of the power systddowever,the
demandutilisation has not yet reached the point when real time managememoofMPID345 compliant demandould
be required.For the avoidance of doubthe reattime management othe FRT issueouldinvolvehaving to take demand
control actions to reduce the amount of n@vPID345 compliantlemand on the systenwhere EirGrid considers it
necessary to do sim orderto maintainreal timesecurity of supply.

EirGrid has engaged with data centre customers to assess data centre demand utilisation to determirtieeMoaial
rejectionlimit may be reached. Based on the forecast demand utilisation information provided by data centre custome
critical limit could bereachedover the next few months

It should be noted that thisemand utilisatiorprojection is lower than the contracted demawcdpacityavailable, or
contracted to become availablégr use bydata centresunder existingconnection agreements. Shoudidta
centresutilisetheir contracteddemandcapacityabove theforecastedutilisationlevels, theload rejectionlimit may be
reached sooner.

Existing mitigationactions

EirGrid haslreadyput in place a series @ifctionsto mitigate the risk to grid stabilitgnd security of supplgosed bythe
FRTperformanceof data centresand the proportion of data centre demand on the system, as outlined in the Information
Paper. Thesactionsincluderestricting Interconnector exports to reduce total level of potential demand loss, Battery Ene
Storage Systems (BESS) mansagd, maintaininga certain number of Synchronous Condensers on the system at any giy
time anddispatch ofconventional generation to ensure adequate inertia availability and reserve
provision.Eachmitigatingactionhasan associatedostand a knoclon impact on consumerand/or individualmarket
participants.

While actionsadopted to date have kepthis FRTisk within manageable limits, their utilityis beingexhausted

asdata centre demand utilisation increasesfAbovethe load rejectionlimit , asoutlined above existingmitigationswill not be
sufficient tomaintainthe required level ofjrid stability. Demandcontrol actions to reduceon-MPID345compliantdemand
would then needbe takenas isrequired ofthe TSO{1 2 LINR G SO0 G KS Ay &\StEnNIs fegessary L NF
Therefore the inclusionof FRTstandardsin the Grid Codandtheir implementationby large demand facilitiesupported by a
compliance and derogation framewoske urgentlyrequired.

Impact on the Operational Policy Roadmap

EirGrid- y R { Gpbratiénal Policy Roadmap 2025 to 2@&%s outour plans for the evolution of operational policy

to enableintegration ofadditionalrenewable energyn the power system in line wittihe respective national targetsis a
result of thepower systemchallenges resulting from the FRT issue, we hpawesed a planned increase in SNSP from 75%
80%,with any reduction in the Miimum UnitsOn (MUON) constraint nowalsoat risk until the FRT issigresolved.These
delays will increaseenewable energyurtailment levelsand riskour abilityto achieve renewable energyargets.

Industry Engagement
EirGrid has engaged extensively with industry over the past number of years on the FRT performance issue. Our eng

initially focused on understanding the drivers of the issue from a data centre demand facility perspective, gatheringainc
datacentre site protection setting data (to inform our models), notifying data centres of performance issues observed ¢
fault events, and communicating the broader power system challenges arising and the need for solutions. While our
engagement initialljocussed on data centres, as the issue evolved this engagement extended to widéataorentre
transmission connected demand customers and other key stakeholders.
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Commencing in 2024, and running through to the end of 2025, EirGrid engaged extensively with industry on the propd
Grid Code requirements for demand facilities to remain connected during-#hont disturbances. This process concluded
with the developmat of MPID345 covering FRT, APR, and RoCoF requirements for Demand Facilities. EirGrid has fog
most recent industry webinars and bilateral engagement on the proposed Compliance and Derogation Framework, wi
data centre industry and wider nediata centre transmissicgonnected demand customers providing feedback to EirGrid
earlier versions of the proposed framework.

This engagement has included a series of webinars/task force meetings with data centres held in April, July and Augu
broader industry webinars held in April, October and December 2024, and further webinars more recently on 3 Noven
2025, 26 Noveler 2025, 14 January 2026, 19 January 2026, 11 February 2026 and 12 March 2026.

In addition to these group engagements, the EirGrid has held bilateral meetings with individual demand customers, O
9l dA LIYSY G al ydzFI OGdzZNENE o6adh9aaé¢id |yR RSOSE2LISNB 2F Yy
provided an oppaunity for more detailed discussions on specific technical and operational challenges and solutions.

In addition to the above engagement, EirGrid wrote to contracted data centre customers in December 2025 to requesit
confirmation of specific plans for any additional load growth throughout 2026 and 2027. Customers were asked to pro
forecast of the perentage of total demand utilisation volume expected to behave in line with the proposed Grid Code F
requirements. This feedback has been considered in assessing the scale of immediate risk and whether further action
needed

Requiredactions

9 A NDrbkhdR<® o this issue considers the current operational challenges, immediate actions to support system sec
and actions to meet the future challenges as data centre deniacrasesWe have also accounted for feedback received
through staleholder engagement.

In addition to theactionsalready in place agutlined abovethe development of hewenhancedcapabilities
ofdemand¥ I OAf AGASEY AKNRARBKPIa VFY BE BNREA RK I {is hetdssargto ddé@ress thel
identified riskslt is proposed that these requirements are included in the Grid CBldisactionis urgentlyrequired.

In that context,EirGridis proposing a modification to the Grid Cogryblished17" November 202§MPID345knd brought
to the JointGrid Code Review Panel ol Becember 2025yvhich would introduce FREsponse RoCoF and Active Power
Responsestandardslf adoptedand complied withthiswould contribute to alleviating the risk to system

stability and subsequentisk to security of supply.

In parallel EirGridhas considerethe feedback from som®emandQustomersthat they will not be able to readilgomply
with the new Grid Code modificatioffoprovide clarity andupportto customers, while recognising the importance of
compliance with the Grid Code Modification, EirGridubmittinga Compliance and Derogation Framewprk
including'®emand Utilisation Threshol@®r non-MPID345compliantdata centredemand during the derogation periodnd
requests that the CRU assesandapprovesthis framework EirGrid has engaged with indusirythe process of
developingthe compliance and derogation framework.

EirGrid is engaging positively wiliemand Customernsn this issue. It is our hope that by working constructiweity
industrythat it will be possible to avoid the necessity to take further action to reduce the pisésd by FRT issues.

As set out in thénformation Paper, theimpact of data centre demand beyond currently contracted levels, and analysis O
other technical challenges associated with the integration of new technology loads onto power systems, are subject tg
consideration.

Conclusion

EirGridrequeststhat the CRU prioritises the assessment of BRIGrid Code ModificatioMPID345Rnd associated
Gompliance andderogation frameworklt is critical that this modificatioand associated compliance and derogation
frameworkis put in place as quickly as possible.




Structure of the Recommendation Paper:

Due to the complexity of the proposed Modification, along with the detailed industry engagemeninber ofadditional
sectionshave been addetb this recommendation papdo outline the level of engagement between EirGrid and Industry
and toensure that the views of all parties aappropriatelyrepresented

These additional sections are:

1. An Engagement Timelingection,detailinga timeline of therelevantindustry webinars, task force meetings, Joint
Grid Code Review Panel meetings and Grid Code RdrelMeetings;

2. Appendix A contasithe relevant presentatiaifrom the Industry webinars, Task Force meetings as well as thoss
from the Joint Grid Code Review Panel and Grid Code Review Panel meetings.
Extracts of the approved meeting minutes from the Joint Grid Code Review Panel and Grid Code Review Pan
meetings have also been includeas appropriate

3. AppendixB containsadditionalevidence including email correspondence received from Grid Code Review Pang
Membersin relation to MPID345

4. AppendixC¢ Reference Document linke Large Demand Facility Fault RideThrough Issue and Proposed Soluti
Information Paperalong with an ENTSEE position paper entitleddENTSEE position on the need for national
connection requirements to ensure EU power system stabilityli K ¢ | & AE&raldz8aéRembet 2025b

These additional sections are provided for information oRly: the avoidance of doubt, ¢ghproposed Modification MPID345
and the associated Compliance and Derogakaamework take precedence over the contesét out in the additional
sections referenced above includiagy slides or information otherwise providedertgagements including industry webina
and bilateral engagements.

The Reason for the Recommended Modification

9ANDNAR OLNBfIFIYRQa ¢NIyYyaYAaarzy {&ai SarerdspdSshle foapdidtingand h
developing the respective transmission systems of Ireland and Northern Ireland in a secure and coordinated wanner.
growing challege to meeting these responsibilities is the impact on the power system of the response of sonmedargad
Facilitiegprimarily data centres) to faults on the transmission system.

Data centres are a significant and growomgnponent2 ¥ L NBf | yYRQa St SO NA Cskale@ataénid y
facilities currently in operation in Northern Irelandyhere is over 2000 MVA of data centre demand, and otieev
technologydemard, contracted by EirGrid witadditionalcapacity also contracted by SONI and ESB Networks.

Data centres andew technologyoadscomprised: LILINRP EA Yl 1St & wm: 2F LNBf Il yRQBy
2032, it is expected this will have grown to 30% (median scenario).

The allisland power system, which @peratedas one synchronous area, recorded a peak demand of 7502 MW on 8 Jan
2025, with a minimum demand of 3095 MW (recorded on 9 June 2@24)ent data centre demand can therefore make uy
approximately 11% of peak demand or 26% of minimum demand (currently, data centre demancelaivaly flatprofile
GgKSYy O2YLI NBR (2 GKS Y2NB 020t A0t {2 dddemaadelatitedootaRpSWer
system demand are important context when considering the overall power system impact of data centre demand
NBRdzOG A2y ad

Historically, most transmission system users could withstand transient events and coogfiatsingpostfault. Grid Code
standards for 'ridehrough' capability have long applied to conventional generators, wind farms, solar farms, batteries,
HVDC iterconnectors. Demand customers had less stringent standards due to their inherent behaviour and diversity.
However, the rise of large power electrosiiterfaced demand facilities with similar characteristics and growing demand
levels has introduced nevhallenges.

During remote, transient faults on the transmission system, some large demand facilities are automatically reducing th
consumption from the grid and switching to their own bagksources to protect their systems and
processes.Thisbehaviourhas beerobservedthrough actual events on the power system with the aggregated level of
demand reduction in each event increasing as these large demand facilities continue to ramp up their capacity.



https://cms.eirgrid.ie/sites/default/files/publications/MPID345-Large-Demand-Facility-Fault-Ride-Through-Issue-and-Proposed-Solutions-EirGrid-and-SONI-Information-Paper-November-2025.pdf
https://cms.eirgrid.ie/sites/default/files/publications/MPID345-Large-Demand-Facility-Fault-Ride-Through-Issue-and-Proposed-Solutions-EirGrid-and-SONI-Information-Paper-November-2025.pdf
https://eepublicdownloads.blob.core.windows.net/public-cdn-container/clean-documents/Publications/Position%20papers%20and%20reports/2025/251211_SDC_Position_paper_on_CNC_2.0.pdf
https://eepublicdownloads.blob.core.windows.net/public-cdn-container/clean-documents/Publications/Position%20papers%20and%20reports/2025/251211_SDC_Position_paper_on_CNC_2.0.pdf

Similar large demand facility response characteristics have beservedby other TSOs, particularly in the USA, and there]
a growing focus among system operators worldwide on addressing this issue. Information about these observed resp
and the prgosed grid code requirements by other TSOs is detailed irLérge Demand Facility Fault Ride Through Issue
Proposed Solutions EirGrid and SONI Information Pdjés issue is particularly pronounced in Ireland and Northern Irela
however, as the installed capacity of large demand facildidsbitingthese characteristics & significant proportiorof the
overall system demandThe island nature of our poweystem is also a significant factor in the potential impact of
eventsrelativeto other larger, more interconnected power systems.

Figurel below illustrates the difference between how generators typically respond to faults caadpa the response of
power-electronic interfaced demand facilities (the term UPSninterruptible Power Supply, is used in the illustratioA).
transmission system fault causes a voltage dip to occur. This voltage dip causes both generation and deadarce to
Subsequently, the fault idearedand generation output recovers quickly, however, the reduction in some demand is
sustained for a longer periodlhis difference in generation and demand response results in an imbalance on the power
system whiclresults in an increase in system frequency.
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Transmission System Fault

VIV

Voltage Dip

Generation

Initial Generation and UPS Load Reduction

P [V

Fault Cleared

UPS Load

Generation Qutput Recovers
UPS Load Reduction Sustained

P W]

Power Imbalances Causes Frequency to Rise

Time

Figurel lllustration of Fault Impact on Generation and Power Electronics Demand

To illustrate the current demand facility performance issue, the table below sursesatie aggregate level of data centre
demand reductiorobservedduringfour transmission system faults in Ireland. These eveet®onstratethat demand
reduction increases as data centre demand gravisre details about these events can be found in the Backgrouadye
Demand Facility Fault Ride Through Issue and Proposed Solutions EirGrid and SONI Information Paper

Transmission System Contingency Data Centre Percentage of
Demand Total Data Centre
Reduction Demand
7 Jan 2022  |Limerick: Killonan-Kilpaddoge 220 kV Fault [74 MW 16%
13 Dec 2022 [Dublin: Kellystown-Woodland 220 kV Fault  [204 MW 34%
26 Jan 2025 |Dublin: Poolbeg 220 kV Reactor Fault 321 MW 44%
8 May 2025 |Dublin: North Wall 8 Poolbeg 220 kV Fault 387 MW 52%
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The challenge now arising for balancing the power system is that the reduction in demand at some demand facilities @
to other imbalances to produce a much larger change in system frequé&usnarios can arise in whiah initialfault

triggers a diconnection of alinterconnector exporting 500 MW (e.g. a fault on the circuit connecting the interconnector
the transmission system), with the voltage dip resulting from the fault also causing a reduction in consumption at somg¢
demand facilities. ThiwO2 y 4 Slj dzSy G A I £ f 2sigdifiCanty greafetBani 50pR? O 2al RS B S2-NR D]
demand levels, which is double the histamaximumimbalance expected.
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Proposed Solutions Information Paper prepared by EirGrid and, #i@éNimbalance could result in widespread activation of
special protection systems that disconnect generators, and violations of system standards related to the maximum all
frequency deviation and the Rate of Change of Frequency (RoCoF). Unldssdesach disturbances would present sever
risks to the stability of the Ireland and Northern Ireland power system.

9ANDNAR FYR {hbLQ& NBalLRyasS (2 GKAa A&aadzsS O2yaiRSNA
power system.Sepsthe TSOsre taking include:

1 Implementation of operational mitigations to reduce the risk posed by the potential imbalance. To date, this hg
included actions to reduce HVDC Interconnector exports anaddgitionalconventional generation at times to
provide more inertia and reserves the power system.

1 DeterminingadditionalSystem Service needs, such as reactive power support, inertia and reserves that would
be requiredto reduce, or respond to, the potential system imbalance;

f  The development of new C | dzf-¢i K MEA d@BK Q LIS NJF 2 that woyll©&bplyitailargé Bemakig tacilitiet.
is proposed that these requirements are included in the EirGrid and SONI Grid Codes

Actions in all these areas will bequiredto ensure that the TSOs caperateand develop a secure power system
that canfacilitate growth in the capacity of large demand facilities into the future.

The proposed modification to the Grid Code aims to address the stability and security challenges posed by the increa
number of large demand facilities.

To mitigate this risk anthaintainsystem resilience, and to align with requirements for other transmission system, users
EirGrid hasdentified requirements for large demand facilities to remain connected during steonh disturbances. This
includes introducing fault ridéhrough (FRT), active power recovéAPR)and Rate of Change of Frequency (RoCoF)
robustness capabilitiesThis proposal will enhance overall grid stability and reliability while supporting the continued gro
of all Demand Facilitiein line with connection contracts and government policy.

Details of the proposed changes are summarised below:

1- Fault Ride Through (FRT) Requiremenke TSOs requitbat demand facilities must remain connected
andoperatestably during and after any fault disturbance, provided the voltage deviation stays within the specified
voltageagainsttime profile at the canection point. This profile is detailed in the proposed Grid Guddificationin the
impacted Grid Code section.

2- Rate of Change of Frequency (RoCoF) Robustness: The TSOs propose exteRdi6gBtandards of +/1 Hz/s to
include demand facilities, ensuring uniformity across all system users. This is crucial for enhancing grid robustnes
ensures all facilies can withstand rapid frequency changes without disconnecting, thereby improving overall grid
stability and reliability during disturbances.

3- Active Power Recovery: The TSOs propose that demand facilities must recover their active power to 90% dathie p
value within 500 milliseconds after fault clearance and voltage recovery to 0.9 per unit. This rapid recovery is cruc
for maintainingsystem stability and keepirigoCoFand frequency within operational range&dditionalsystem services,
like Inertia, Fast Frequency Response (FFR), Primary Operating reservet(P@Rplsoneededto support the grid
during these events.
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Separately andolely forinformation purposes EirGridintendsto applythe standards in CC.7.4.2.1 (frequency) and
CC.7.4.2.2 (voltag#) non-DCC unitsandsucha proposal wilfequire compliance with Article 4(3) of the EU Demand
Connection Code (DCC), whinbludes:

1 Conducting a public consultation accordance wittrticle 9, and
1 Carrying out a quantitative cofienefit analysis (CBA) as per Articles 48 and 49.

These requirementsvill be progressed as a separate modificatpyoposal subject to thesteps abovein due course

The TSOs have engaged stakeholders orptioisosal This includes hostingeveral webinarsas well as conducting multiple
bilateral meetings with demand customers.

Stakeholders were invited to provide feedback on the proposed requirements. Initially, the TSOs proposed that dematr
facilitiesshallrestore 95% of prdéault demand within 500 milliseconds after fault clearance and voltage recovery to 90%
nominal voltaye. However, based on stakeholder feedback, this requirement was revised to 90% resfquerfault
demand This revised threshold aligns with requirements for other system users, including PPMs and HVDC.

Additionally,industryNB lj dzZSa 4§ SR Of  NATFAOI GA2Y 2y 6KIFG WNBYFAYy Oz2y
requirementsinresponseli KS ¢{ ha Of I NAFTASR G(GKIFId aGNBYFIAYy O2yySOiSR
electrically connected to the transmissisgstem. Mring the voltage dip, demand facilities may switch their demand to

backup systems, but they should rest@tleast90% of their prefault demand within 500 milliseconds after fault clearance

and voltage recovery to 90% of nominaltage.

The proposed grid code modificatiégcrucial for ensuring the security and stabilitytioé power system facing increasing
demand fromDemand Customerand are in line with evolving industry best practices. Failure to implement these solutig
could have significant consequences for all system users.

AnLarge Demand Facility Fault Ride Through Issue and Proposed Solutions EirGrid and SONI Informapicap &y
the TSOs is attached. It provides background to the issue, examples of actual system events, power system studies g
scenarios, and outlines the proposed solutions as well as those under further consideration.
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Engagementimeline

Engagement with data cergrindustry and key stakeholdeon the FRT issue began in 2@22esponse to the observed
behaviour of data centreduringfaults. EirGrid wrote to data centrewners requesting data on their protection settings an
a process of regular #iateral meetings witmany data centreustomerscommenced to develop mutual understanding of
the issues.While our engagement initially focussed on data centres, as the issue evolved this engagement extended t
non-data centre transmission connected demand customers and other key stakeholders.

Some of the key engagements over 2@22 to 2025 period are summarised in thastration below. CRU were briefed
regularly on the issue via the monthly EirGrid/SONV ! k ! w W{ KI LJAy 3 hdzNJ 9f SOGUNROA G &
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Throughout April 2024 to December 2025, when MPID345 was formally proposed as a Grid Code Maodification propos
was significant engagement between EirGrid and Industry participants. For ease, the timeline shown below illustrates
engagementlong with the subsequent engagement between January 2026 and March 2026 proffesals for the
associatedCcompliance and Derogation Framewavkich accompanies this modification propasal




wlst Industry Webinar with EirGrid and Data Centre Customers

o wAgenda: Data Centre Response to System Faults; Cyclical Demand Fluctuations; Proposal for Task Force

wlst Task Force meeting with EirGrid and Data Centre Customers
wAgenda: Development of Grid Code Standards for Fault Ride Through

w2nd task Force Meeting with EirGrid and Data Centre Customers
wAgenda: Presentation of Working Draft Grid Code Modification

wJoint Grid Code Review Panel meeting with SONI and EirGrid Panel Representatives
wAgenda: Initial Working Draft of Grid Code Modification for Discussion

w2nd Industry Webinar with EirGrid, Demand Facility Representatives and the CRU
wAgenda: Presentation of the Working Draft Grid Code Modification

wJoint Grid Code Review Panel meeting with SONI and EirGrid Panel Representatives
0‘} Dec wAgenda: Updated Grid Code Modification Proposal for Discussion

CCCCC:

w3rd Industry Webinar with Demand Facility Representatives, SONI & EirGrid Grid Code Review Panel Representatives.
SONPES (agenda: Grid Code Modification Proposal Updates

N
S

wJoint Grid Code Review Panel meeting with SONI and EirGrid Panel Representatives
wUpdated Grid Code Modification Presented for Discussion

with Industry Webinar with Demand Facility Representatives, SONI & EirGrid Grid Code Review Panel, and the CRU
wGrid Code Modification Proposal Updates; Request for Feedback

w5th Industy Webinar with Demand Facility Representatives, SONI & EirGrid Grid Code Review Panel and the CRU
wAgenda: Final Version of Grid Code Modification Proposal

wJoint Grid Code Review Panel and EirGrid Grid Code Review Panel meeting with SONI and EirGrid Grid Code Review Panel Meetings
wAgenda: Submission of Final Grid Code Modification for Recommendation

wbth Industry Webinar with EirGrid Demand Facility Representatives, EirGrid Grid Code Review Panel and the CRU
wAgenda: Presentation of the proposed Compliance/Derogation Framework

w7th Industy Webinar with EirGrid Demand Facility Representatives, EirGrid Grid Code Review Panel and the CRU
wAgenda: Follow up on the proposed Compliance/Derogation Framework

w8th Industy Webinar with EirGrid Demand Facility Representatives, EirGrid Grid Code Review Panel and the CRU
wAgenda: Updates to the proposed Compliance/Derogation Framework

w9th Industy Webinar with EirGrid Demand Facility Representatives, EirGrid Grid Code Review Panel and the CRU
wAgenda: Updates to the proposed Compliance/Derogation Framework

CECCCEEC:

Please note thabetween December 2024 and September 2025, a number of @tigritiesrelevant to the development of
the Grid Code Modification proposal were undertaken. These included:
1 Multiple bi-lateral meetings with key stakeholders;
1 The development of a suite sfudies by the TSO to:
o Provide a detafld background of the issue;
o Determine the future challenges, if the issue is not addressed; and
0 To determine the necessary demand recovery time.
The outcome of these studies was detailed in/MBID345Large Demand Facility Fault Ride Through Issue and Propose
Solutions EirGrid and SONI Information Pawéginallypublished to the EirGrid Website in October 2G2&l updated in
November 2025




History of Progression through GCRPs, Working Group and/or Consultation:

30 April 2024:
The first Industry Webinar with EirGrid addf £ ¢ NI yavYA aaizy [/ 2yySOGSRk/ 2y iNF O

F20dza 2y (GKS ah@SNBWASSG 2F (KS Cwe¢ A&dadzsSéo
The key outcome of this webinar was the establishmerda ©ask Force, consisting of both EirGrid and Data Centre Memk
to discuss the identified issue and solutions.

The presentation from this webinas available in Appendix A part 1.

16 July 2024:

The first meeting of the Task Force took place and was focused ddetelopment of Grid Code Standards for Fault Ride
Through

The presentation from this Task Force Meeting is available in Appendix A part 2.

27 August 2024:

The secad task Force MeetingetweenEirGrid and Data Centre Custormepresentativeswas held to discuss theosking
draft Grid Code Modification

The presentation from this Task Force Meeting is available in Appendix A part 3.

This particulatV ¢ | & 1 gr@up didnSt@eet agains EirGrid determined that a broadedustry engagement approach wé
neededrather than adata centreonly task force.

24 September 2024:
At the Joint Grid Code Review ParfgtGridpresented discussion item on the introduction of FeRitle Through
requirements foDemand Customers
Anumber of itemswere discussed including
9 If the proposal would include requirements for reactive power provision. It was confirmed that reactive power
provision would not be sought as part of the proposal,;
1 The use of UPS by Large Energy Users to protect their critical load
1 The retrospective application of the proposal and the associated costs; and
9 Faultride-Through for Large Energy Users is a challenge for other TSOs.

It was also noted that the next Industry Webinar would take place ¢fiQ2tober 2024.
The presentation from this discussion item, along with the extract from the Joint Grid Code Review Panel meeting min
are available in Appendix A part 4 and part 5 respectively.

22 October 2024:

The second Industry Webinar took place onjibetween all Transmissig@onnected Demand Facilities, EirGrid Grid Code
Review Panel, CRUh addition to the provision of information on the Fafdtde Through requirements, attendees were als
provided with the contact details of thBemand Customeaepresentatives on the EirGrid Grid Code Review Panel.
EirGrid also stated their intention to seek recommendation of the proposal at the December 2024 Grid Code Review FH
meeting.

The presentation from this webinar is available in Appendix A part 6.

04 December 2024:
At the December 2024 Joint Grid Code Review Panel meeting, theridatthrough requirements for Demand Facilities wal
presented as a discussion item by EirGrid. The Demand Customer Representatives for the EirGrid Grid Code Review
raised a numbeof items
o Frequency changes and active power recovery should be further discussed at the webinar.
o0 The March GCRP meeting appears to be very premature to bring forward a Grid Code modification. \
the studies be complete by then?
o wSIdZANBYSyGa GKFd ySSR | mnanm: RSNRIALGAZY &K2d
o The full weight of this requirement falls @emand UsersA substantial economic weight. They would like
the TSO to consider a public consultation.




Another EirGrid Grid Code Review Panel member asked if an upward frequency system services product could serve
this problem, as in procuring system services to manage the imbalance is an option. EirGrid describeg¢aseastnario o
a faultnear the interconnector with the loss of 500 MW of demand and EWIC trips, in the Dublin area where there is a
proportion of demand energy users this will result in demand reduction and it would be very difficult for any TSO to ma
this imbalance een with high system services. He also clarified that there is a FRT requirement for interconnectors.
The presentation from this Joint Grid Code Review discussion item, along with the extract from the approved Joint Gri
Review Panel meeting minutes, are available in Appendix A part 7 and part 8 respectively.

10 December 2024:

At the third industry webinawith all Transmissiof€onnected Demand Facilities, EirGrid Grid Code Review PanginCRU
addition to providing an overview of the issues and seeking further feedback from industry, EirGrid also noted that the
would be engagement with data centre owners in the new year (2025) to address modelling issues

Again, feedback from industry regarding the thaurrent Grid Code proposal was sought and EirGrid indicated their inter
to share a revisegersionin February 2025, in advance of seeking recommendation at the March Grid Code Review Pa
meeting.

The presentation from this webinar is available in Appendix A part 9.

December 2024 to September 2025:
A number of other works relevant to the development of the Grid Code Modification proposal were undertaken. These
included:

Btlateral meetings with key stakeholders;

The development of a suite of studies by the TSO to:

Provide a detail background of the issue;

Determine the future challenges, if the issue is not addressed; and
To determine the necessary demand recovery time.
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The outcome of these studies was detailed in leege Demand Facility Fault Ride Through Issue and Proposed Solutior
EirGrid and SONI Information Paeiblished to the EirGrid Website in October 2025.

At the June 2025 Joint Grid Code review Panel meediugrbal update was provided lilie EirGrid GCRP Chairpemsshere
AKS ade¢ iSRS aNB | duthl Ndsler Soyfsitératidn lWy&the two TSOs. Further industry communicatibtake

placein R dzS O 2Ndzi&hé& daimments were received from the Joint Grid Code Review Panel. The slide and extrag
the Joint Grid Code Review Panel Meeting minutes are available in Appepalik 0.

25 September 2025:
At the September 2025 Joint Grid Code Review Panel medirgridgave an overview of the proposed Fault Rideough
requirements for Demand Facilities.

Following the presentation blgirGrid there was a in-depth discussion regarding the proposahemain points raised by the
JGCRP members were:

Concerns that all parties would be neompliant if the proposal was implemented in December 2025;
The inclusion of the requirement for post fault active power recovery, which was not previously communicated
industry;

1 Concerns regarding thetrospectively application of the proposed requirements to the existing Demand Faciliti
However, it should be noted that all Grid Code Modifications are retrospectively applied, unless there is a very
specific reason for not doing so and such a reagounld form part of the Grid code modification proposal;

1 Questions were raised about how such requirements would be tested and it was clarified that this would be ag
via studies; and

1 The DSO representative noted thaGrid Code modification is approved, similar change will be needed for

Distribution Codealthough aMW thresholdmay needo be developed.

f
f

The presentation from this Joint Grid Code Review Panel meeting, along with the extract from the Joint Grid Code Re
Panel meeting minutes, are available in Appendix A part 11 and part 12 respectively.



https://cms.eirgrid.ie/sites/default/files/publications/MPID345-Large-Demand-Facility-Fault-Ride-Through-Issue-and-Proposed-Solutions-EirGrid-and-SONI-Information-Paper-November-2025.pdf
https://cms.eirgrid.ie/sites/default/files/publications/MPID345-Large-Demand-Facility-Fault-Ride-Through-Issue-and-Proposed-Solutions-EirGrid-and-SONI-Information-Paper-November-2025.pdf

03 November 2025:
Afourth industry webinar was held with participants attending online. This webinar was held post the publication of th
Large Demand Facility Fault Ride Through Issue and Proposed Solutions EirGrid and SONI InformatidhePiapemtion of
the webinar was to
1 Provide an overview of the publishégdrge Demand Facility Fault Ride Through Issue and Proposed Solutions §
and SONI Information Paper
1 To set out the next steps; and
1 To facilibte an open discussion regarding tharge Demand Facility Fault Ride Through Issue and Proposed So
EirGrid and SONI Information Pag@rd the proposed Grid Code Modification.
Further feedback from industry was requested by 7 November 2025. It was also noted that:
1 Afurther webinar would be held on 26 November 2025, in advance of the proposal being brought forward to E
and SONI Grid Code Review Panels in December 2025
It was intended to provide further information regarding the Grid Code Compliance/derogation processes.
1 EirGrid remains open to continuinglaiteral engagements with industry.
The presentation from this webinar is available in Appendix A part 13.

26 November 2025:
At the 5" industry webinar, a summary of the feedback received from industry was provided, along with the TSO respd
This summary included, but was not limited to:

Industry Feedback EirGrid Response
No market ready solutions that meet the proposed H Thedata centre industry is actively engaged in
requirements currently exist development of technical solutions to the FRT issue

with one OEMndicating thata technical solutiomay
be availablefor commenceroll-out during 2026.

Some nordata centre customers did support the EirGrid acknowledgednd appreciatd this support.
proposal from a grid security perspective. The proposed modification is designed to enhance
overall system resilience and maintain security of
supply for all customers.

Concern with the proposed Grid Code modification | It was noted that e first draft of the modification was
timeline shared with the Joint Grid Code Panel in September
2024, and broader industry in October 202

This will lead to severe reputational damage for the | The application of the proposed requirements will
AYLI OG4SR Odzai(i2YSNE FyR |AGNBYy3GKSYy 3INARR NBaiAfaASs
reputation as a leader in sustainable energy growth.
Continued collaboration with industry will help
mitigate potential reputational impacts.

This is a nostandard approach when compared The grid code modification approaches are following
internationally. established grid code governance arrangements.

Ly 20SNBASe 2F (KS dqalLX AlddAy3ég 2F GKS LINRPLRASR Y2RAT
European Connection Network Code Demand Connection Code (DCC) frequency and voltage rangB<C(0 ats is
subject to a CosBenefitAnalysis, as defined in the DCC. This woeleldto be progressed as a separate Grid Code
modification.

Finally, an overview of the Grid Code submission Timeline and next steps was presented to industry.

The fullpresentation from this webinar is available in Appendix A part 14.

3 December 2025:

At the Joint Grid Code Review Parf@tGridpresened2 y at L5o0np3X gKAOK KIR 0SSy NBY
¢CKNRdzZZIKEZ w2/ 2C yR t2ai CldA G ! OGAPDSNBEDBS AN wiSOL hBMEE i
modification.

Following the presentation, a detailed discussion took place, including the following key points:



https://cms.eirgrid.ie/sites/default/files/publications/MPID345-Large-Demand-Facility-Fault-Ride-Through-Issue-and-Proposed-Solutions-EirGrid-and-SONI-Information-Paper-November-2025.pdf
https://cms.eirgrid.ie/sites/default/files/publications/MPID345-Large-Demand-Facility-Fault-Ride-Through-Issue-and-Proposed-Solutions-EirGrid-and-SONI-Information-Paper-November-2025.pdf
https://cms.eirgrid.ie/sites/default/files/publications/MPID345-Large-Demand-Facility-Fault-Ride-Through-Issue-and-Proposed-Solutions-EirGrid-and-SONI-Information-Paper-November-2025.pdf
https://cms.eirgrid.ie/sites/default/files/publications/MPID345-Large-Demand-Facility-Fault-Ride-Through-Issue-and-Proposed-Solutions-EirGrid-and-SONI-Information-Paper-November-2025.pdf
https://cms.eirgrid.ie/sites/default/files/publications/MPID345-Large-Demand-Facility-Fault-Ride-Through-Issue-and-Proposed-Solutions-EirGrid-and-SONI-Information-Paper-November-2025.pdf

1 How a threephase voltage dip woulbde lower than asinglephasevoltage dipand wouldpropagate across the
island,and so is more likely to cauiee demand reduction response;

1 Acomplianceand derogationframework was under developent by EirGrid and araimingto present this to
industry,at a webinarweekcommencingl2 Januarn2026, in advance of the submission of the Grid Code Propos
recommendation paper on 30January.

1 If the system modellingddressedther potential mitigations, such as increased respoasd inertia to the system.
To which, EirGrid noted that given the leveddeimand reduction compareth the total system demandndthe
nature of the power systemtigdiesshowa lossof 17 ¢ 39%o0f demand for an N scenario.

1 Iftheloss of an interconnectaat full export uniquelympactfulto triggera 39%demandloss, oris that just thetip of
the spear and other events coulé equally impactful’EirGrid noted thasuch ascenarias one of the
mostcritical,as a fault close t&WIGvould result in loss of the HVDC export, with the voltage dip from the fault g
resulting ina high loss of demand, as most of the relevant demand is connected in Dditlievermany
transmissiorfaults, especially a faulon the transmisgin network aroundDublin,will causea significant reduction in
demand. Thi¢evel of demand reductiowill increase aduture non-FRTcompliantdemandincreases.

1 A memberqueried the valuén putting requirementsinto the Grid Codavhenthe technology is not availabke
allow Demand-acilitiesto comply withthe requirements One membestateddéthat one OEMasstatedthat they
may have gossiblesolution,but this is not a onaizefits all. The otheiissuewith the proposed modificatiofis that
the requirementsare retrospectively applied. EirGrid noted that retrospectiois not uniqueto this
modificationproposal andapplies to all EirGrid Grid Code modifications. In addition, given the leisslugfs that
the systemis currently experiencingith Demand Facilitiesetrospective apptiation of the proposed Grid Code
requirements is critical to system security.

Later in the meeting, another member queridte merit of pushing ahead with the proposedodificationwhen all
parties will need to seek a derogation. To which EirGrid noted that TSOsihgaged withmanycustomers on the
proposed requirementsand bothSONI and EirGrighderstand thechallengesihead.The TSOs have
weighedcompliance with this requiremeragainst thesecurity of the power systenmrhe TSOs recognise the
importance of the compliance and derogation frameworkiimderstanding: O dz& (feasibfpaid &
complianceandthe importance osubmittingthe proposed frameworko the CRU together with

the modificationrecommendation.

1 EirGrid have taken industry feedback on boardelation to the post fault active power recovery arevised the
proposal to include Demand Facilities returnedst 90% ofheir pre-fault Demand within 500 milliseconds of the
Transmission System Voltageeovering to 90% of the nominal Voltage.

1 A member queried the status of the compliareed derogation framewaorkindicatingthat the proposedGrid Code
modificationshould notbe recommended without itHowever, EirGrid noted that the proposal has been under
development for a significant pericaf time and is now required urgently for system security. It was noted that &
further industry webinar regarding the proposed framework would take place in January 2026.

1 EirGrid stated that the TS®@®rk very closely with existing customers to achieve compliamcESONI
andEirGridare committed to continueworkingwith all users to mitigateon-compliance.

1 Another member added that this requirement wdltive costs fothe TSO$o00 for a solutionthat may
or maynot work. A memberecommended that the TS@sld acost comparisoranalysido the
recommendatiorpaper. EirGrid explained thate primary driverfor the proposedequirementsis
to maintainpower system security. If this issue is ne$olved,systemsecurityis at risk.

Currently,mitigation measures arémpactingthe market, such asieeding to restrict exports omterconnectosto
reduce the risk to the systenit.is infrequent that the market is drivingkports in recent timesso those costs may
not be huge at the minuteyut that could change in futurdut the main driver is system security, not cost.

1 Another member notedhat energy usersieed areliableand secureayrid, but echoed support fogarliercomments
on the retrospective application of the requirements.

1 It was also noted that the contracted demand due to connect to the Transmission System is far in excess of t
currently connected 800 MW, whitbe existingmitigation measuressuch awver-
frequencygenerationshedding(e.qg.tripping ofwind farms),can onlygoso farin terms of managing the issue.

As the discussion drew to a close, EirGrid and SONI nio¢edeted for urgency in addressing this issue, tad the
TSOsntend to recommendthe modificationproposalto the Regulatorgor approval.

The presentation from this Joint Grid Code Review Panel meeting, along with the extract from the Joint Grid Code Re
Panel meeting minutes, are available in Appendix A part 15 and part 16 respectively.




Following the closure of the Joint Grid Code Review Panel meeting, the EirGrid Grid Code Review Panel meeting tool
The EirGrid Grid Code Review Panel members were asked if members wished to voice their support for the proposed
modification. A numbr of member voiced their opinions, including:
1 Two members, (TSO representative and DSO representative) supported the modification;
1 Theon-Synchronous Renewable Generatarember stated that he could nagise an objection but must
acknowledge and understand the challenges that the demarslomersface incomplying withthis requirement
1 One of the Demand Customers members stated thiatsrid Codeaequirement is notachievableand a Working
Group should bestablished
1 The Fast Acting Peaking Generators membapport therecommendation in generahut notedhow it is applied
requires further discussign
1 The DSU member stated that whileere may beone possiblesolutionto fix this but thatis in the pipeline,
it R 2 S &gemM like asensible way forwardiven thediscussion at thd GCRReeting
1 The thermal generators member noted thile proposedmodification,in its current format,is not mature
enough.This view was echoed by the second Demand Customers member, who further noted that Industry wi
work with EirGrid to resolve thissue.
Following the feedback from the Grid Code Review Panel membieeid noted the comment on the maturity of the
proposed modification and highlighted the update and clarifications to the proposal following industry fee#lr&itd also
highlighted that the predominanissue is the safetgind resilienceof the grid.This requirement is ithe best interest of all
users includindbemandand Generation.The TSO is close to breaching their security standard and that those slarate
there for the securityof the systemEirGrid understandand appreciateshe challenges that Demand Customésebut will
be recommending this requirement for approval to the CRU.
It was again noted that there had beearsignificant level cdngagementvith individual partiesand the TS@ confident there
will be solutions brought forwardbut if this requirementis not implementedthen there will be a significartperational
securityrisk to thegrid.
Finally, the DSO member notéitat the DSO wilbbring forward a similar modification tthe DistributionCode.The DS@vill
need to consider a MW thresholatherwise the DSO will be swamped with derogatigplicationsgiven thelevel of
connections
The presentation from the Grid Code Review Panel meeting, along with the extract from the Grid Code Review Panel
minutes, are available in Appendix A part 17 and part 18 respectively.

Further to the engagement on the proposed Grid Code modification itself, a further seriegagfeanents took placeslated
02 9ANDNARQA LINRPLIRalFta F2NJ I/ 2Y it rodific@iéh. ThesRengaGeMBnB larg A
summarised in the table below.

Webinar/ Task force Recipient /Participant
meeting

17 December 2025 |N/A Overview ofproposedGrid |All Transmissiof€onnecteddemand
Code Modification FacilitiesEirGrid Grid Code Review Par
MPID345-ramework issueCRU
via email.

14 January®026 6" Industry Webinar Presentation of the IAll TransmissioConnectedDemand
proposedGrid Code Facilities, EirGrid Grid Code Review Pg
Modification CRU
MPID345-ramework

19 January®026 7™ Industry Webinar Followup engagemenbn [All Transmissiof€onnecteddemand
the proposed Framework. [Facilities, EirGrid Grid Code Review Pg

CRU

11 Februan2026 |8 Industry Webinar Presentation of IAll TransmissiofConnectedDemand
updatedGrid Code Facilities, EirGrid Grid Code Review Pg
Modification CRU
MPID345-ramework
proposals




12 March 2026 9™ Industry Webinar Presentation of updated [All Transmissiof€onnecteddemand
Grid Code Modification  |Facilities, EirGrid Grid Code Review Pg
MPID345 Framework CRU
proposals

5SGFrAfa 2F GKSaS Sy3l 3SYSy i &irGrdRid CaeyMiddifizayiddMRD345gomli&nse ahdO
DerogationProcess Framewofk LINE LJaccdmpanyitiishadlification proposal.

In addition to the industry engagement described above, further correspondence was received from two Grid Code Re
Panel Members, as detailed below:
1 Aletter from Tom BirneyEnergy Storage Ireland) which noted:

1 They could see merit inonsidering imposing additional grid code requirements on LEtigever they also
noted that there is concern raised generally from LEUs in respect to massamopliance with the proposed
requirements

1 Theybelieve thatthe issueshould be assessed more comprehensively with consideration for higher volum
additional reserves and inertia and any other potential services (e.g. DRR) that might help alleviate the ig

1 They also stated that there have been recent changes imposed by the TSOs to limit the operational state
charge on operational energy storage units (e.g. >85%) which they understood was intended to reserve
volumes of over frequency reserves inatempt to resolve the issue identified in thearge Demand Facility
Fault Ride Through Issue and Proposed Solutions EirGrid and SONI Informaticaniéapat this topic
warrants careful consideration and consultation with industry to ensure there is no unintended impact to
existing and future investment decisions.

CKS Fdzff GNIXyaONRLIWG 2F ¢2Y . ANySeqQa tSGaSNIAa | @

f An email from Patrick Liddy (DRAIY ¢ K A OK | d¢ligve &niabdela&dtnmént to the effect that possibly this
modification could be approved if it was not retroactive, and that as such that alternative should be considerec
really think this should be included as it would reduce the damage to invesididence (both generator and DC)
that this retroactive measure will create®
The full transcript oPatrick Liddy;s emai# available in Appendix B part 2.

Summary Note of any Objections to the Recommended Change from GCRP Members or Consultation Responses:
Throughout the engagement with Industry, the main points raised were:

1. 5S5YFYR ! &SNBEQ loAftAGe (2 O2YL}X e gAGK GKS LINRLRAI f
solution. Their existing plant and apparatus was not designed to be fault ride through capable, or to have the
fault power recovery, aspecified in the modification proposal. However, EirGrid has highlighted that at least o
Original Equipment Manufacturer (OEM) indicated the intention tooalia commercial level solution within the
next year and while this may not be a one size dill solution, it is an indication of the developments in this area.
EirGrid expects that other OEMs will follow suit.

2. All existing Demand Users would be raompliant with the proposed modification, if approved. EirGrid has
acknowledged that this is an issue and is developing a Compliance/Derogation Framesypmgal to assist and
support Demand Users with achieving compliance.

3. Demand Users also raised concerns around costs:

1 the potential costs of achieving compliano@rently being unknown. They will need to engage with their
respective OEMs to determine the works involved to achieve compliance or mitigataigstnon-compliance;
and

1 the potential financial impact of not being able to ramp up their dematilisation due to ongoing non
compliance.EirGridhas noted that demand, which is compliant with the proposal, wilhblke to ramp up and
that the demand Utilisation cap is only applies to the rommpliant Demand.

Outcome of any GCRP Meeting Actions Relating to the Recommended Modification:

EirGrid, as the TSO, is submitting MPID345 to the CRU for approval, noting the objections and concerns raised by the
members, as detailed above.
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While actionsadopted to date have kephis FRTisk within manageable limits, their utiliig beingexhausted
asdatacentredemand utilisation increasesbovethe Load Rejectiotimit outlinedin this documentexistingmitigationswill
not be sufficient tamaintainthe required level ofyrid stability. Demandcontrol actions to reducaon-MPID345
compliandemand would themeedbe taken,as isrequired ofthe TSO{i 2 LINR G SOG GKS Ay i SINR
Therefore the inclusion ofthe requirementsoutlined in this documentin the Grid Code and their implementation by large
demand facilitiessupported by a compliance and derogation framewoake urgentlyrequired.

Redline Version of Impacted Grid Code Section{show proposed changes to text:
Deleted text instrike-through red fontand new text highlighted irblue font
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CC.74.2
CC.74.21

DemandFacilities,ClosedDistribution SystemsandDistribution Systemsshall:
Remaimsynchronised to th&ransmission Systerandoperatewithin the
frequency ranges and time periods specifiedable CC.7.4.2.1

TableCC.7.4.2. Minimum TimePeriodsor DemandFacilities ClosedDistribution
Systemsand Distribution Systemgo Remain Operational without Disconnecting

Frequency Range Time Period
4771 47.5 Hz 20 seconds
47.51 48.5 Hz 90 minutes
48.57 49 Hz 90 minutes
497 51 Hz Unlimited
517 51.5 Hz 90 minutes
51.51 52 Hz 60 minutes

CC.7.4.2.Remain synchronised to theransmission Systerandoperatewithin the ranges of
the Transmission System Voltageg the connection point, for an unlimitetime
period, as specified below:

i.400kVsystem: 360 kvto 420kV(0.9p.u.¢ 1.05p.u.)
ii.220kVsystem: 198kVto 245kV(0.9p.u.¢ 1.114p.u.)
iii.110kVsystem: 99kVto 123kV(0.9p.u.¢ 1.118p.u.)

[ | ®1 ®Ddmaid-acilitiesvhich alter their MW consumption at the@onnection Point
based on changes fransmission System Frequenagd/or Voltage shall ce
ordinate and agree their controls, protectiotniggersand/or settings with
the TSGin advance of such alterations asLILINR LINA | (G S &

CC.7.4.3.1 Demand Facilitieshallremain connected to th@ransmission Systerduring rate of change of Transmission
System Frequency of values up to and including 1Hz per second as measured over a rolling
500millisecondseriod. (Voltage dips may cause localifamCofvaluesin excess of Hz per second for short
periods, and in thse cases, the FatiRide Through clause CC.7.4.8upersedes this clause (CC.7.4.3.1)

CC.7.4.3.DemandFacilitiesshalfemainconnectedto the TransmissiorSystemduringandfollowing any Fault Disturbance
onthe Power Systenwhich results in &/oltagedeviation whichremainson or above the voltagagainsttime
profile specified ifFigure CC.7.4.3& the Connection PointFollowing clearance of theaultDisturbance
the Demand Facilityshould return to at least 90% of ifgefault Active PowerDemandwithin 500ms of




the Transmission System Voltagecovering to 90% of the nomin®bltage. Thepost Fault Disturbanceamp up
rate for the Demand Facilityshall be coordinated and agreed between f®Cand theDemand Facilityowner.
The voltageagainsttime profile specifies the required minimuoapability as a function of voltage afault
RideThrough Timeat the Connection Poinbefore, during and after th€ault Disturbance
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Figure CC.7.4.3.2: Voltaggainsttime profile at the connection point for fault condition

CC.7.42:4.1 Reactive Power
CC.7.42-4.1.1. Demand Facilitiesvithout onsite generation shall be capable

b

CC.7.2:4.1.2. TheDistribution Systemshallbe capableof maintainingsteady

of maintainingtheir steadystate operation at theiConnection Pointvithin
aReactive Powerange of 0 to 0.48 [Qmax/PMIC] equal to a power factor of
G2 nog fFIAIAYyITD

Demand Facilitiesvith onsite generation shall be capablerfintainingtheir
steady state operation at theilConnection Pointvithin aReactive
Powerrange 0f-0.48 [Qmin/max{PMEC,PMIC}] to 0.48 [Qi*AMEC] which is
SldzZl £ G2 F LRoSNI FFEOG2NI 2F nodpt | 33

state operationat the Connection Pointvithin aReactive Powerange of -

0.48Qmin/max{PuecPuict duringReactive Poweimmport/consumption, and
0.48Qma/PmecduringReactive  Poweexport/production equal to a power
factor of 0.9 lagging to 0.9 leading, except in situations where either techr
or financial system benefits are proved b
the TSCandthe DSOthroughjoint analysisTheTSCand DSOshallagreeon th

e scopeof such an analysis, which shall address pghssible solutions,
anddeterminethe optimal solution forReactive Poweexchange between
their systems, taking adequately into cosesiation the




specific  system  characteristics, variable  structure of  pov
exchangebidirectionalflows and theReactive Powecapabilities in
the Distribution System

CC.7.2.4.1.3 TheTSOmayrequirea ClosedDistribution Systemor Distribution Systemto h
avethe capability at theConnection Pointo not exportReactive Powe(at
reference 1p.u. voltage) at amctive Powerflow of less than 25 %
of the Maximum Import Capacity The request will be justified through a joir
analysis with theClosed Distribution Systerar the Distribution System
Operatorand theTSO If the requirement is not justified based on the joir
analysis, thé'SCand theClosed Distribution
Sydem or Distribution SystemOperatorshallagreeon necessaryequirement
saccordingo the outcomes of the joint analysis.

CC.7.2.4.1.4.Without prejudice to CC.7.24 4.3, theTSOmayrequirea Closed Distribution
Systemor the Distribution Systento actively control the exchange Bleactive
Powerat theConnection Poinfor the benefit of the entire system.

TheTSCand theClosed
Distribution Systemor Distribution SystemOperatorshallagreeon a method
to carry outthis control, to

ensurethe justified levelof securityof supplyfor both parties.The justification
shall include a roadmap in which the steps and the tingefor fulfilling the
requirement are specified.

CC.7.2.4.1.5.TheClosed Distribution Systerar Distribution System Operatomay require
the TSQo consider itlosed Distribution  Systerar Distribution
Systemfor Reactive Powemanagement.

b

CC.7.2.4.2 Reconnection

CC.7.£24.2.1.TheTSQwill specify the conditions under whidbemand Facilities,
ClosedDistribution SystemsandDistribution Systemscan reconnect following
a Disconnection

CC.7.2.4.2.2.Demand FacilitiesClosed Distribution Systemand Distribution
Systemsshallfacilitate Synchronisingo the Transmission Systemwithin the
limits 47¢ 52.0 Hz.

CC.7.24.2.3.TheTSGCshall agree the settings for synchronisation devices Wimand
Facilities, Closed Distribution Systeraad Distribution Systemsprior to
connection.

CC.7.422.4.3 Disconnection

CC.7.2.4.3.1.Demand Facilities, Closed Distribution SystearglDistribution Systemshall
be capable of remot®isconnectiorfrom the Transmission System The
equipmentrequiredfor automated remoteDisconnectiorwill be specified by
the TSO The automated remot®isconnectiorsystem will
be requiredto operatewithout any time delays, other than those inherent i
the design of the system.

CC.7.2.4.4 Shortcircuit
DemandFacilities Closed Distribution Systemend Distribution Systemshall be
capable of withstanding maximum shagircuit currents as specified in CC.8.6
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CC.74.2
CC.74.21

DemandFacilities,ClosedDistribution SystemsandDistribution Systemsshall:
Remainmnsynchronised to thd@ransmission Systerandoperatewithin the
frequency ranges and time periods specifiedable CC.7.4.2.1

TableCC.7.4.2.1inimum TimePeriodsor DemandFacilities ClosedDistribution
Systemsand Distribution Systemgo Remain Operational without Disconnecting

Frequency Range Time Period
4771 47.5 Hz 20 seconds
47.57 48.5 Hz 90 minutes
48.51 49 Hz 90 minutes
497 51 Hz Unlimited
517 51.5 Hz 90 minutes
51.51 52 Hz 60 minutes

CC.7.4.2.2 Remain synchronised to Tnansmission Systerandoperatewithin the ranges of
the Transmission System Voltagd the connection point, for an unlimitetime
period, as specified below:

i.400kVsystem: 360 kvto 420kV(0.9p.u.¢ 1.05p.u.)
i.220kVsystem: 198kVto 245kV(0.9p.u.¢ 1.114p.u.)

iii.110kVsystem: 99kVto 123kV(0.9p.u.¢ 1.118p.u.)

[ | ®1 dDhemandBacilitiesvhich alter their MW consumption at the@onnection Point
based on changes fransmission System Frequenagd/or Voltage shall ce
ordinate and agree their controls, protectiotniggersand/or settings with
the TSQAn advance of such alterations asLILINE LINA | (G S @

CC.7.4.3.Demand Facilitieshall remain connected to théransmission Systerduring rate of change of
Transmission System Frequency of values up to and including 1Hz per second as measured over a rolling
500millisecondseriod. (Voltage dips may cause localifamCofvaluesin excess ot Hz per second for short
periods, and in thse cases, the FatRide Through clause CC.7.4.3.2 supersedes this clause (CC.7.4.3.1)

CC.7.4.3.Demand Facilitieshall

remainconnectedto the TransmissiorSystemduringandfollowing any Fault Disturbanceon the Power
Systemwhich results in &oltagedeviation whichremainson or above the voltagagainsttime profile specified in
Figure CC.7.4.3& the Connection PointFollowing clearance of tHeaultDisturbance the Demand
Facilityshould return to at least 90% of ipgefault Active PowerDemandwithin 500ms of the Transmission
System Voltageecovering to 90% of the nominsbltage The postrault Disturbanceamp up ratefor

the Demand Facilityshall be coordinated and agreed between F@Cand theDemand Facilityowner. The
voltageagainsttime profile specifies the required minimuoapability as a function of voltage akdult Ride
Through Timeat the Connection Poinbefore, during and after th&ault Disturbance
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Figure CC.7.4.3.2: Voltaggainsttime profile at the connection point for fault condition

/| ®T1 ® Rehctive Wower
CC.7.4.4.1.Demand Facilitiesvithout onsite generation shall be capableréintainingtheir

CC.7.4.4.1.TheDistribution Systemshallbe capableof maintainingsteady

b

exchange between their systems, taking adequately into consideration the specific sy

CC.7.4.4.1.3TheTSOmayrequire a ClosedDistribution Systemor Distribution Systemto hav

steadystate operation at theiConnection Pointvithin aReactive
Powerrange of 0 to 0.48 [Qmax/PMIC] equal to a power factor of 1 to 0.9
flFr33Ay3Io

Demand Facilitiesvith onsite generation shall be capablerointainingtheir
steady state operation at theiConnection Pointvithin a Reactive Powerange
of -0.48 [Qmin/max{PMEC,PMIC}] to 0.48 [Qmax/PMEC] which is equal
L2 gSNI FFOG2N) 2F nogpftlI33IAy3a 2 nog

state operationat the Connection Pointvithin aReactive Powerange of -

0.48Qmin/max{PuegPwc} duringReactive Poweimport/consumption, and
0.480Qmav/PmecduringReactive  Poweexport/production equal to a power
factor of 0.9 lagging to 0.9 leading, except in situations where either techr
or financial system benefits are proved o
the TSCandthe DSGhroughjoint analysisTheTSOand DSOshallagreeon th

e scopeof such an analysis, which shall address phssible solutions,
anddeterminethe optimal solution forReactive Power

characteristics, variable structure of power exchange, bidirectiioats and
the Reactive Powecapabilities in theDistribution System

ethe capability at theConnection Pointo not exportReactivePamwer (at
reference 1p.u. voltage) at amctive Powerflow of less than 25 %
of the Maximum Import Capacity The request will be justified through a join




analysis with theClosed Distribution Systerar the Distribution System
Operatorand theTSO If the requirement is not justified based on the joir
analysis, the’' SCand theClosed Distribution
Systemor Distribution SystemOperator shallagreeon necessaryequirement
saccordingo the outcomes of the joint analysis.

CC.7.4.4.1.AVNithout prejudice to CC.7.4.2.4.3, thi&OmayrequireaClosed Distribution
Systemor the Distribution Systento actively control the exchange Bleactive
Powerat theConnection Poinfor the benefit of the entire system.

TheTSCand theClosed
Distribution Systemor Distribution SystemOperator shallagreeon amethod
to carry outthis control, to

ensurethe justified levelof securityof supplyfor both parties.The justification
shall include a roadmap in which the steps and the timeforefulfilling the
requirement are specified.

CC.7.4.4.1.5heClosed Distribution Systeror Distribution System Operatomay require
the TSQo consider itlosed Distribution  Systerar Distribution
Systemfor Reactive Powemanagement.

CC.7.4.4.Reconnection

CC.7.4.4.2.TheTSOwill specify the conditions under whiddemand Facilities, Closed
Distribution SystemsandDistribution Systemsan reconnect following
a Disconnection

CC.7.4.4.2. Demand FacilitiesClosed Distribution Systerand Distribution
Systemsshallfacilitate Synchronisingo the Transmission Systemwithin the
limits 47¢ 52.0 Hz.

b

CC.7.4.4.2.3'heTSCshall agree the settings for synchronisation devices Witmand
Facilities, Closed Distribution SysteraadDistribution Systemsprior to
connection.

CC.7.4.4.Disconnection

CC.7.4.4.3.Demand Facilities, Closed Distribution Systearsl Distribution Systemshall be
capable of remotdisconnectionfrom theTransmission System The
equipmentrequiredfor automated remoteDisconnectiorwill be specified by
the TSO The automated remot®isconnectionsystem will
be requiredto operatewithout any time delays, other than those inherent i
the design of the system.

CC.7.4.4.4 Shortcircuit
Demand FacilitiesClosed Distribution SystemandDistribution Systemshall
be capable of withstanding maximum shaitcuit currents as specified ir
CC.8.6




Appendix A¢ Supporting Documentation

Part 1¢ Presentation from ¥ Industry Webinar on 30 April 2024:

Data Centre
Response to Power
System Faults

Industry Webinar
30 April 2024

EirGrid

GROUP CONFIDENTIAL- Not for Onward Circulation

Key Messages

1. The demand response of multiple data centres to a fault on the power
system continues to present challenges to the resilience and stability of
the power system.

2. Sensitive protection settings (Under/Over Voltage, Under/Over
Frequency, Rate of Change of Frequency) on data centre electrical
systems are driving this response.

3. EirGrid is requesting the support of the data centre industry in the
establishment of a Task Force focused on resolving this matter.

EirGrid

GROUP CONFIDENTIAL- Not for Onward Circulation




Agenda

-

Power System Background and Data Centre Demand

2. Fault Ride Through Behaviour of Data Centres and Impact on the Power System
a) Actual System Events
b) Potential Future Events

3. International Experience

4, Cyclical Fluctuations of Data Centre Demand and Impact on Power/Frequency Quality
5. Task Force Proposal

6. Next Steps and Open Discussion

EirGrid
GROUP CONFIDENTIAL- Mot for Onward Circulation

Background: All-Island Power System and Data Centres

Moyle

System Generation +/-500 MW

- Two Jurisdictions « 55% Gas/Coal/Oil, 36% Wind, 1.2% Solar e
* SONI is the TSQ in N.Ireland » Installed Wind: 6.0 GW =]

« EirGrid is the TSO in Ireland + Peak Wind: 4.7 GW (Dec 2023) '

* Single Synchronous Area & Market EWIC

+ Transmission: 110/220/275/400 kv Demand ;{iggm“}’

+ Jurisdictional Transmission Control * Peak Demand: 7.0 GW
+ All-Island Scheduling and Dispatch * Minimum Demand: 2.5 GW

to Great Britain

Data Centres
* Inlreland, there is presently approximately 2000 MVA of demand capacity that is contracted to data centres and
other new technology loads at the transmission level, and approximately a further 300 MVA contracted at the 110
kV distribution level. By end of 2022, there was 734 MVA of these loads connected.
+ Data centre demand could potentially account for 30% of peak demand by 2030.
* A significant proportion of this demand is connected or expected to be connected in the Dublin area subject to
CRU directions.
Eirﬁ) 4
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Background: Size of the Power System Matters

* The All-Island Power System is smaller and has less interconnection than the Continental
European Power System.

» As a result, frequency deviations tend to be quicker and have a larger magnitude during normal
and abnormal system conditions (e.g., trips/faults) on the All-Island Power System.

= This is illustrated in the Figure below.

50.20 50.20
System All-Island Continental 20s =01s
Parameter Power System | European 50.10 50.10
Power System Fsoos 00s
2
Peak Demand g 4995 49.95
Gw) 49.90 49.90
Minimum 23 ~1000 - 2058
Inertia Level —— Frequency Albania —— Frequency Ireland
(GVA-S) e 880 00:00 10:37:44 20:13:52 . SODO 00:00 11:06:40 22:13:20
Time [h] Time [h]
Fig. 1: Frequency in the CE and IE/NI power systems for 01.01.2021.
Ei G id Source: T. Kérgi, M. Hurtado, M. Gjergji, 5. Tweed, E. Kennedy and F. 5
rari . . milano, "Frequency Quality in Low-Inertia Power Systems,” 2023 IEEE Power
GROUP CONFIDENTIAL- Not for Onward Circulation & Energy Society General Meeting [PESGM), Orlando, FL, USA, 2023, pp. 1-5.

Issue 1: Fault Ride Through Behaviour of Data
Centres and Impact on the Power System




lllustration of Fault Ride Through Behaviour of Data Centres

= O Ea EE

Load supply structure of a typical data centre. Typical UPS schematic.
EirGrid
GROUP CONFIDENTIAL- Not for Onward Circulation

Voltage Induced Frequency Rise - Step Through

Node Voltage
Severe System Fault
=
>
Generation
z
a
UPS Load
3
=%
EirGrid
GROUP




Voltage Induced Frequency Rise - Step Through

Mode Voltage
Severe System Fault
=
>
Voltage Dip
Generation
3
[=%
UPS Load
3
= [=%
EirGrid
GROUP
Voltage Induced Frequency Rise - Step Through
Node Voltage

Severe System Fault

Voltage Dip

i

G - Reduction temporarily
UPS Load - Reduction permeant )
Generation

P [MW]

UPS Load

P [MW]

EirGrid

GROUP




Voltage Induced Frequency Rise - Step Through

Severe System Fault

Voltage Dip

G - Reduction temporarily
UPS Load - Reduction permeant

Fault Cleared

EirGrid

GROUP

Node Voltage

VIv]

Generation

P [MW]

UPS Load

P [MW]

Voltage Induced Frequency Rise - Step Through

Transmission System Fault

Voltage Dip

Initial Generation and UPS Load

Reduction

Fault Cleared

Generation Output Recovers

UPS Load Reduction Sustained

Power Imbalances Causes
Frequency to Rise

EirGrid

GROUP CONFIDENTIAL- Mot for Onward Circulation

Mode Voltage

V V]

Generation

P [MW]

P [Mw]

UPS Load

Time

12




Fault Ride Through Behaviour of Data Centres and Impact on the
Power System

Retained

]Transmission Fault 1 | 20 | voltage [%]

* At 16:57 hours on Tuesday 13 December
2022, the Kellystown - Woodland 220 kV
line tripped, reclosed and tripped for a
single phase to ground fault (RE).

* This fault caused the largest data centre
demand reduction to date with a 204 MW
data centre demand reduction
(approximately 50% of total data centre
demand at the time of incident).

* This caused a Rate of Change of Frequency
(RoCoF) of 0.12 Hz/s and a Frequency
Zenith of 50.22 Hz (see next slide).

30

Voltage dip propagation (contour map)

EirGrid 13
GROUP CONFIDENTIAL- Not for Onward Circulation

Fault Ride Through Behaviour of Data Centres and Impact on the
Power System

[+]
- . -25
|Transm1ss1on Fault 1 | o
=204 .34 MW
_. =75 rd
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% —100 ,/
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—200
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EirGrid 0 10 20 30 40 50 60 70 B0 90 14
GROUP Time [s]
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Fault Ride Through Behaviour of Data Centres and Impact on the

Power System

I Transmission Fault 2 |

+  On 07% January 2022 at 01:50
hours, the Killpaddoge-Killonan
220 kV line tripped for a phase-
phase fault (ST) causing a nearby
generator to trip from 171 MW
combined with 80 MW of data
centre demand reduction.

EirGrid

GROUP

90

80

70

60

50

Retained
Voltage [%]

Distance of data
centres from the

Voltage dip propagation (contour map)
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fault.

15

Fault Ride Through Behaviour of Data Centres and Impact on the

Power System »

|Transm1'ss1'on Fault 2 |

L (M)

voltage Dip

e

Sys. Freq [Hz]

EirGrid

GROUP

agan

4950

5000

YT 5030 5040 5050

50:20
Vit [Mir S ]

CONFIDENTIAL- Mot for Onward Circulation

50 60 70
Time [s]

30 40

F=0.05

r—0.10

+0.00

oCoF [Hz/s]

=4

r-0.15
B0 90

16




Fault Ride Through Behaviour of Data Centres and Impact on the

Power System: 2025 Scenario

» The example presented here is based on
simulation of a 2025 scenario with additional
data centre demand with performance
characteristics reflective of existing behaviour.

» The impact of a three-phase fault on the
Dublin transmission system was modelled in
our power system dynamic simulation tool.

» The fault results in a voltage dip that triggers
a high level of demand reduction at data
centres causing a significant power imbalance
and high frequency. In the model
approximately 800 MW of data centre demand
reduction was observed which triggered an
equivalent 900 MW tripping of wind generation
to maintain stability.

» Additional data centre demand with similar

performance characteristics will further
exacerbate this issue.

EirGrid

GROUP CONFIDENTIAL- Mot for Onward Circulation

02 04 06 08

1 12 14 16 18 2 22 74 26 28

Time [s]

3

Voltage magnitude of a relevant transmission bus following a three-phase
fault in Dublin based on a 2025 Scenario.

50.8

50.6
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3 3
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n
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49.8

496

=]

4 6 8 10
Time [s]
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System Freguency following a three-phase fault in Dublin based on a 2025 Scenario.

Fault Ride Through Behaviour of Data Centres and Impact on the Power

System: International Experience

The European Network of Transmission System
Operators for Electricity (ENTSO-E) proposed to
the European Union Agency for the Cooperation of
Energy Regulators (ACER) to include a new data
centre demand category (110 kV and above)
requirements in to Network Code on Demand
Connection (DCC 2.0) and apply Fault Ride-
Through, RoCoF and Limited Frequency Response,
among others.

| NC DC = Main points of ENTSO-E response

EirGrid) Source: ENSTO-E proposal
GROUP " CONFIDENTIAL- Not for Onward Circulation

Ufpu. 4

o

A

Voltage parameters {pu)

Time parameters {seconds)

0.14-0.15 (or 0.14-0,25 if system protection and secure
operation so require)

1,5-3.0
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Fault Ride Through Behaviour of Data Centres and Impact on the Power
System: International Experience

I Large Load Voltage Ride-Through Standard Proposal
(1/2)

Large Loads that interconnect to the ERCOT Transmission Grid must ride through
and shall not cease its power consumption for the following operating conditions in
Tables A and B, as measured at the Large Load's Point of Interconnection:

TableA

b D’;"ilﬂ) e s
v>1.20 May ride-through or trip
10<Vs120 05 —
0.90<V<110 Continuous. Based ?n IEEE
0.805V<0390 20 1668 Single-
0.705 V<080 050 — Phase and
0.50£V<0.70 020 Phase-Phase
V<0.50 018 Curve
TableB
Based on Inﬂ:!maommm«mmor Minium Ride-Thiough Tene Llacsod on ITIC
IBR | 5 (miliseconds} urve, but
reqt n {p.u. of noeninal) — 1o ride-
SV i Y e Through o e through fault
NOGRR245 e e ,;.;z"n?‘u
160<Vs 170 10
140<V<180 30
120<Vs140 150
ercot%
PUBLIC
EirGrid . : 19
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Issue 2: Cyclical Fluctuations of Data Centre
Demand and Impact on Power/Frequency Quality

EirGrid

GROUP




Cyclical Fluctuations of Data Centre Demand and Impact on

Power/Frequency Quality

* Load perturbations from data centres are visible in
system frequency measurements and results in
relevant frequency deviations between (e.g., 10-50

Dominion $50 Event: Overview -
= Oscillation observed by PMUS in 5 substations
= Voltage oscillation mag: ~0.01 pu peak-to-peak
= = 11 Hz, ~5% damping ratio
+ Reinitiated every 15 /
+ Actual source: Data center P

mHz).

+ The size of the perturbations are dependent on the -y T i B
amount of data centre load. - -

¢ This is having an impact on system performance, - :
exciting system oscillations on the system and o ML PU—

interacting with frequency response (i.e., governors

3 . Source: EPRI Sub-Synchronous Oscillations (S50) Workshop - Spring 2023
and Active Power Control (APC) of wind/solar).

Time [Minute]

o) Ly ILELIILLLLQ\Ll:quLuELlLL;Lngligl |

=] o5 10 5 o

EirGrid Time [Minute] 21
GROUP CONFIDENTIAL- Not for Onward Circulation Impact of cyclical fluctuations on the All-Island power system.
What does this mean for the operation of the power system?
1. The demand response of multiple data centres to a fault on the power system presents challenges to the
resilience and stability of the power system. Challenges relate to both the initial reduction in demand and
the subsequent restoration of demand.
2. EirGrid is actively monitoring the response of data centres for both the fault response issue and the power
quality issue. Real-time dynamic analysis tools are being used to simulate contingency conditions and flag
potential issues caused by data centre demand response.
3. The minimum system inertia level needs to be maintained above what we had previously planned in order
to help manage this issue.
4. Contingency measures, in the form of automated disconnection of generation, are also required to mitigate
potential high frequency events.
5. These issues are currently at manageable levels with the above mitigations. Further increases in data
centre demand with similar characteristics will present additional challenges for the operation of the power
system as demonstrated in EirGrid’s power system analysis of future years.
6. The issues impact on the whole power system. EirGrid has been keeping the wider electricity industry and
key stakeholders up to date via EirGrid/SONI’s Shaping Our Electricity Future (SOEF) Advisory Council.
EirGrid> 2
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What are we asking of data centre owners?

1. Ensure that any changes to data centre protection settings (Frequency, Voltage and Rate of Change of
Frequency) cr response characteristics that interact with the grid are communicated to EirGrid (or ESB
Networks if connected to the distribution system).

2. To consider the ability to widen sensitive setting ranges and/or introduce time delays on existing equipment
protection settings.

3. To consider the ability to delay the restoration of demand post reduction until permitted by EirGrid (or ESB
Networks if connected to the distribution system).

4. For future data centre demand increases, consider what design changes can be made to avoid the response
issues highlighted.

5. To work with EirGird (and ESB Networks if connected to the distribution system) to resolve these issues
through participation in an industry Task Force - see next slide.

EirGrid 23
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Task Force - we are seeking views on the following proposal

+ Scope
=TSO and Data Centre industry task force to assist in the development of solutions to address the power system impact of
Data Centre fault response behaviour and power quality issues.
= Data provision processes, e.g. provision of protection setting changes to TSO
= Explore options for short term fixes, e.g. Data Centre protection setting changes, restoration procedures.
= Develop proposals for Grid Code standards, e.g. Fault Ride Through capabilities.
*  Enduring solutions, e.g. Data Centre electrical system design solutions.

+  Membership
= Led / Chaired by EirGrid. SONI and ESB Networks represented.

* In order to efficiently manage the task force, our preference is for an industry representative body to coordinate industry
input.

+ Engagement
*  Keep engagement at an industry level - no requirement to discuss individual data centre issues or solutions (unless offered).
= Monthly meetings, online, 2 hours.
*  Review progress and arrangements after 6 months.

= Wider electricity industry and key stakeholders will be briefed on progress via EirGrid/SONI's Shaping Our Electricity Future
(SOEF) Advisory Council. Advisory Council | Shaping Our Electricity Future | EirGrid

EirGrid 24
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Next Steps

+ Feedback on Task Force proposal by 10 May 2024 (to your EirGrid Customer Account
Manager or contact us at info@eirgrid.com, or ESB Networks Customer Account

Manager for distribution connected data centres).

* Aim to hold first Task Force meeting before end of May 2024.

EirGrid
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Open Discussion

EirGrid
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Part 2¢ Presentation from 3 Task Force meeting on 16 July 2024:

Transmission /
Distribution System
Operator and

Data Centre Industry
Task Force on Fault
Response

Meeting 1, 16 July 2024

EirGrid

GROUP CONFIDENTIAL- Not for Onward Circulation

Agenda

1. Terms of Reference for the Task Force
2. Development of Grid Code standards related to Fault Ride Through capabilities

3. Next steps and A.0.B.

EirGrid 2
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Task Force - Terms of Reference

Task Force - Terms of Reference

Scope

This Task Force will provide a forum for Transmission/Distribution System Operator and Data
Centre Industry engagement on Data Centre fault response and power quality issues impacting
power system planning and operations.

The purpose of the Task Force is to:

» Facilitate communications and engagement on the issues and challenges.
* Allow for sharing of relevant information and data.
+ Consider solutions.

EirGrid
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Task Force - Terms and References

Membership

* Chaired/led by EirGrid with representation from SONI and ESB Networks.
* Data Centre owners or their nominated representatives.

*  Membership is by invitation from EirGrid.

* Membership is voluntary.

Engagement

*  Monthly online meetings (2 hours) or as agreed by Task Force members.

* Meeting minutes, including list of attendees, key messages, action items and next steps
will be circulated to all attendees after each meeting.

* Progress and structure will be reviewed as required.

EirGrid
GROUP CONFIDENTIAL- Mot for Onward Circulation

Grid Code - Modification Process




What is The Grid Code?

»Ensures transparent and equitable treatment of
users
Procedures for governing the actions

of all transmission system users »Supports a sustainable, efficient transmission system

> Allows users to safely engage with the transmission
system

»Short Circuit Levels, Transformer Earthing,
T L O R L N EU R PV Synchronisation, Fault Ride-Through, Voltage and
must be met by users to connect to Frequency Regulation etc.
and operate on the transmission
system >Supports the stable and secure operation of the
Transmission System for the benefit of all Users

>Supports the provision of reliable power

Rules governing the operation, »>Enables the implementation of new and diverse
maintanance and development of the T R R |
transmission system
. . >Advances the development of a robust transmissien
EirGrid S

GROUP

Grid / Distribution Codes

« EirGrid Grid Code applies to all transmission
connected Users in Ireland.

* SONI Grid Code applies to all transmission
connected Users in Northern Ireland.

« ESB Networks Distribution Code applies to all
distribution connected Users in Ireland

+ NIE Networks Distribution Code applies to all
distribution connected Users in Northern Ireland

+ Each Grid Code is managed by a Grid Code Review
Panel (GCRP).

* A Joint Grid Code Review Panel (JGCRP) is the
forum for considering common Grid/Distribution
code items.

EirGrid Grid Code ESB Networks Distribution Code

EirGrid SONI Grid Code NIE Networks Distribution Code
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TS50, relevant Parties

Grid Code Modification Process

and GCRP members
work to redevelop
proposal

- -
()

v

- .
{1

v

.4 n#
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q

Grid Code TSO works with Modification
modification Party to Proposal
proposed by develop brought to

USER/DSO/TSO proposal GCRP
EirGrid
GROUP

TSO decides to
submit proposal to

Regulator

GCRP members

do not support

submission of
proposal to

Regulator
TSO converts
L Proposal Paper to

Recommendation
Paper and submits
to Regulator

GCRP members
support submission
of proposal to
Regulator

Regulator issues a
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Examples of Standards

In the following slides we present examples of fault ride-through standards from:

1. EirGrid Grid Code (RfG Type D Generators)

2. ENTSO-E (European TSO Representative body) Data Centre Fault Ride Through

Requirements Proposal

3. ERCOT (TSO in Texas) - Large Load Voltage Ride Through Standard Proposal

4. RTE (TSO in France) - Data Centre Fault Ride Through Requirements

EirGrid
GROUP CONFIDENTIAL- Mot for Onward Circulation

Example 1: EirGrid Grid Code Fault Ride Through Capability of RfG Type D

Generators

— 100% o+
The figure illustrates fault ride-through (FRT) capability = 0.450, 90%
requirements for RfG type D generators as specified in the grid .E: 80% T
code. It indicates that the units must remain connected during 2 0%
voltage sags on the high-voltage (HV) terminals of the grid- 0,450, 50%
connected transformer. 40% T

g’n 0.150, 50%
The voltage sag should be within the range of 0% to 90% of I_..‘ 20%
nominal voltage, and the duration should comply with the o

o . . > 0.150, 0%
specified time profile. 0%
0.000 0.500 1.000 1.500 2.000

EirGrid

GROUP CONFIDENTIAL- Mot for Onward Circulation

Time (seconds)

Source: Grid Code Version 14.1 (eirgrid.ie
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Example 2: The European Network of Transmission System Operators for

Electricity (ENTSO-E) Proposal

The European Network of Transmission System
Operators for Electricity (ENTSO-E) proposed to
the European Union Agency for the Cooperation of
Energy Regulators (ACER) to include a new data
centre demand category (110 kV and above)
requirements in to Network Code on Demand
Connection (DCC 2.0) and apply Fault Ride-
Through, RoCoF and Limited Frequency Response,
among others.

= Main points of ENTSO-E response

Ulpu 4

- sec

Voltage parameters {pu)

Time parameters (seconds)

- 0,14:0,15 for 0,140,235 if system protection and secure
operation so require)

L™

EirGrid/ Source: ENSTO-E proposal Ui | 085 i | 1530 13
GROUP
CONFIDENTIAL- Mot for Onward Circulation
Example 3: Electric Reliability Council of Texas (ERCOT) Proposal
I Large Load Voltage Ride-Through Standard Proposal
(112)
Large Loads that interconnect to the ERCOT Transmission Grid must ride through
and shall not cease its power consumption for the following operating conditions in
Tables A and B, as measured at the Large Load's Point of Interconnection:
TableA
wu_o,;’m;’l?“* (ucpr.;q i From ITIC Curve
V>120 May ride-through or trip
ARSI i Basod on IEEE
0.805V<050 20 1668 Single
0.705 V<080 050 —1 Phase and
0.50£V<0.70 0.20 } Phase-Phase
V<0.50 015 Curve
TableB
Based on Instantaneous Phase-to-Phase of Uﬁ}cd on ITIC
Jroposed R | Pecwdomsieee | M Eiou”
~ I V>180 May ride-through or trip
NOGRR245 TR u;"" lhr(;);«;:v’(r’:uu
160<Vs170 10
140<V<180 30
1.20<Vs 140 150
C~
- ercot 7
EirGrid. ¢ st ? i
GROUP CONFIDENTIAL- Not for Onward Circulation Source: Electric Reliability Council of Texas (ERCOT), USA




Example 4: Réseau de Transport d'Electricité (RTE - France) Proposal

Valkage (pu)

Urecl
Urec2
158
Time (Sec)
23 ~ -
; PoE
Voltage (pu)
lpu
Urec2
Uret
- g i Time (Sec)
EirGrid
GROUP CONFIDENTIAL- Mot for Onward Circulation

Voltage parameters (pu) Time parameter (seconds)
MU— 'S ™ 0
Ut

Tretl 0.1

Uret3 1.15 (and 1.1 for Tret3 30
400Ky)

Voltage parameters (pu) Time parameter {(seconds)
R— e :

0.05 Telear 0.15

Source: RTE, France's Transmission System Operator

Next Steps

1. EirGrid will circulate meeting minutes from this Task Force meeting.

2. Joint Grid Code Review Panel meeting in September 2024 - EirGrid will present a draft Grid
Code Modification Proposal for review by the JGCRP.

3. Joint Grid Code Review Panel meeting in December 2024 - subject to feedback on the draft,
EirGrid will seek approval of the final Grid Code Modification Proposal.

4. Agree dates for the next meetings of this Task Force.

EirGrid

GROUP CONFIDENTIAL- Mot for Onward Circulation
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Open Discussion
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Part3 ¢ Presentation fron2nd Task Force meeting dt¥ Augus024:

Transmission /
Distribution System
Operator and

Data Centre Industry
Task Force on Fault
Response

Meeting 2, 27 August 2024

EirGrid

GROUP CONFIDENTIAL- Not for Onward Circulation

Agenda

1. Presentation of the Working Draft Grid Code modification.

2. Next steps and A.O.B.

EirGrid 2
GROUP CONFIDENTIAL- Not for Onward Circulation




EirGrid Grid Code

Proposal is to add the requirement to the Connection Conditions of the Grid
Code. CC7 - Specific Design and Performance Standards that are applicable to
I

| Users are g,
"““'wnumm )
that M““’"@wan,

Demand Facilities
i

- - " — m“'""‘@mm
A facility which consumes electrical energy and is connected at date.,
one or more Connection Points to the Transmission System.
The Distribution System and/or auxiliary supplies of a
Generation Unit do not constitute a Demand Facility.

T

Demand Facility(ies)

EirGrid Grid Code Version 14.2.
EirGrid euat 3
GROUP CONFIDENTIAL- Not for Onward Circulation
Working Draft of Fault Ride Through Grid Code Requirement
Demand Facilities shall remain connected to the Transmission 100
System and continue to operate stably during and following any ; 0.45, 90%
Fault Disturbance on the Power System which results in a a8 .
Voltage deviation which remains on or above the voltage- =)
against-time profile specified in the figure at the Connection b 0.43, 50%
Point. PPy
0% —
Following clearance of the Fault Disturbance, the Demand )
Facility should return to prefault conditions and maintain its % 20%
Demand above 95% of prefault value unless otherwise agreed > 1015, 0%
O’T:J.?l-l;ﬂ___-:J.IOD 0.400 0600 0E00 1.000 1.200 1.400 1.600 1.800 2.000
Time (seconds)

with the TSO.
The voltage-against-time profile specifies the required
capability as a function'of voltage and Fault Ride-Through Time

at the Connection Point before, during and after the Fault
Disturbance.

EirGrid CONFIDENTIAL- Not for Onward Circulation

GROUP




TS50, relevant Parties

. g . d GCRP b
Grid Code Modification Process o to redevelop.

proposal
—
« TSO decides to
submit proposal to

Regulator
GCRP members
do not support
submission of
proposal to

Regulator ‘ \
Grid Code TSO works with Modification
maodification Party to Proposal PRIS-(())5 ;{);;ertrsm Regul.all:ar issues a
proposed by develop brought to Recl::)mmentlj:):tion decision paper
USER/DSO/TSO proposal GCRP N 4 <ubmi af:ce[_)tlng;’
¢ 'aper and submits rejecting the
to Regulator modification.
Where accepted,
GCRP members Grid Code is
support submission modified
g of proposal to accordingly
EirGrid Regulator
GROUP

Next Steps

1. Large Energy Users Representatives submit feedback on the Draft Grid Code proposal.
2. EirGrid will circulate meeting minutes from this Task Force meeting.

3. Joint Grid Code Review Panel meeting in September 2024 - EirGrid will present a draft Grid
Code Modification Proposal for review by the JGCRP.

4. Joint Grid Code Review Panel meeting in December 2024 - subject to feedback on the draft,
EirGrid will seek approval of the final Grid Code Modification Proposal.

5. Agree dates for the next meetings of this Task Force.

EirGrid 6
GROUP CONFIDENTIAL- Not for Onward Circulation




Open Discussion

EirGrid

GROUP




Part4 ¢ Large Energy User Fault Ride Through Discussiorrid@mloint Grid Code Review Panel Meeting 24

September 2024
-— \.
or
I S

Faul t-TRIrdeg
Requirement
Demand Faci

JGCRP Meeting
245ept enoen

EirGrid/ sSONI

Summar y

A Some | arge Demand Facilities are auto thigyc al |y
their demand in response to remote syYsfte faul
AThbehaviioua characterijlsdrsgead fevebme ene

demand facilities
AThe issue has the potential to exace at e®t he
system,lfemauditmsg t o cascade trips and a signific
AThe issue will continue to grow,as this type ¢
unl ess [tehsedslehead woldssignificantly i mpact on o
agoperate the powegrandystem securely

b)evol ve operational policy to facilitate her | ¢
A The TSOs are proposing the i nclTbmsriowmghf emanc
Requirements in the Grid. Codes to ad sy t hi s

EirGrid/ SONI




Background

ABy en2d0 2d2th er e7 3WA\SA o f /dZ’A\I‘N‘B
Data Centre and new | hAdeSWERBPAgy
demand AaiyAa
Aln I rrehand is ap2p0r0oOxi mat el vy
MVA of demand capacity that i
contract ederntoamdatoa her
new technology | oads b&t+—the
transmi ssamac dppredxi mately a
fur t3h0eBIVA contracltledd at t he
kV distribution | eve
Table 1: Data centre and new large energy users demand, additional to the
. . . 734 MVA of existing demand by the end of 2022
AA S g ni f Ican t p ro p 0 Forecistsn:rio O Grmnfmmzozz-zz( /A Szdemand(MVA)
is connected or expected to be =
connected in the Dublin area :
Median 810 1,543
s | High 1,276 2,010
EII"GI"Id SONI Sourfier SQNI Generation C2p®®i3Ry St atemempty
Example of Observed Resp
AFollowing a transmission system faul
transient voltage djdatoan deret rpeower s
demand has been observed to reduce f
period before being .automatijcally re
AThis demand reducti on cause@9nao i gumip
on the power systemRbE€aBidngoltloeca ipesl
frequency rise Respah®Pe.20 2]
o 22V fault i
ASimilar responses have been observed
Europe and the USA o
-25
50.3 g -20/4.34 MW
e — el | | o
— - =
Z 502 L g o0 o5
T 005 312 i e
& s —-150 \,»-,*‘ 4
v 501 9 4
& 0.00< -175 ' ,/
—200 /
50.0 . . : . . . . .
0 10 20 30 40 50 60 70 80 90 R ™
Time [s]




202%cenario —
12
A The example presented heraeF—~—8as64d A
simul atkobsSoefnaai o with p8ditighal
data centre demand with |pgrforlipance
characteristics reflecti\ggA of Xi sting behavi oul
A The i mpact-phifasa thamée on ¢$he
Dublin transmission systemlwas modellled |in
our power system dynami g sbp meuck ested onz 1t ®od 2 22 24 26 28 3
A The fault results in a Joltage diptThng]t triggers
a high |l evel of demand redtred imagnitade of ad ael evantphtarseensmi s
centres causing a signiffidgdlanit" PEIEFrEFeheCd%anc e
and high .fimedwhenopodel oo
approxi8alwWlogf data cent VAN
reduction was observed =80 / \
equivabBwttripping of wi| Zso <
to maintain stability |
A Additional data centre q: H
performance characteri st *
exacerbate this issue 4
4%
R 7 0 2 4 6 8 10 12
EirGrid/ SONI Ti nig 25
System Frequency-pfhalsleo Wianud ta itnh dDu@dcien.ab a
Wor ki ng Draf BProdp d shael TSOs
'I
Demand Facilities shall remain~connected to the,Transmiss
System and continuf%e ¥o operate_gstably ?}ﬁﬁl’é&@&'"ﬁ"g"""ei"rj?'ﬁf;,'"f"'lj"l"T"E:I‘iA'/i n
any Fault Disturb}'nce on the P@gk%r Sysitem which-<resuits i
Vol t age deviation ‘Wwhich remains on or iabove #&he voltage
agaitnisme profil«er”‘s,pecified in td®® figulgss@@t thg Connectio
Poi.nt ) %W ';6.'1"5"5"@: (.)”
- S <7/
Following clea%ance otiha he mamud t DiisturbaJn'éé/
Facility sh@ufleﬁQuhd'uthohe and wad ntain i,
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Next Steps

AThe TSOs are proposing to host an .onl ndus

o0 DatTei mdues@&Q9ct oBOL24000 d 200

X

A The TSOs intend to r2624GCRPodt ihe EDeiGd alle r
and SONI GO psaneekl sr ecommendations for the prop
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EirGrid) sSONI

Next Steps

A The TSOs are proposing to host an onl i ndus

>
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Part5 ¢ Extract from approved meeting minuté®m Joint Grid Code Review Panel Meeting 24 September
2024 for Large Energy User Fault Ride Through Discussian item

Large Energy Users Fault-ride -through
a) Simon Tweed & Saif Aldahmor from Future Operati@&isGrid)provided a presentation
on the introduction of FRT requirements for Large Energy Users.
b) Following a query frorilariram SubramaniafSolar GenerationEirGrid)on Reactive
Support, Saif Aldahmor (EirGrid) confirmed that the TSO is seeking to introduce FRT
requirements only, and they are not seeking reactive support.

c) MostafaBakhtvar (Fast Acting Peaking Generatd&sGrid)noted that the Demand
Users switch to UPS for voltage diggdomment received from Mostafa Bakhtvar,
9/10/2024: Mostafa asked whether there is a plan to introduce a constraint on ramp
rate of UPS demand during load recovery. i@affonded thaEirGrid has proposed
@2t GF3S NARS (GKNRdzZZK NBIdANBYSyGa F2N !t{ &
faults in the first placeandthereforenegating theneed for constraining the load
recovery ramp rate. lstafa noted thathis is in contrary to the nature of UPS which is
to switch to battery in low voltage events.
a) Saif Aldahmor (EirGrid) said the TSO recommends a short time delay in switching to UPS

to see if the voltage will recover.

b) Paraic HiggindUmped Storage Generatdrasked if this FRT requirement is not
introduced, is there a potential to develop a new system services product for negative
reserve?

c) Gavin McClean (Demand CustomeEsrGrid) noted that the UPS protects critical loads
against voltage sags and expressed his concern in applying this proposed maodification
retrospectively due to the high cost to existing customers. He understands the
chalkenge, but the retrospective part of this requirement will be very costly.

d) Paul Troughton (DS\EirGrid) agreed with Gavin and stated that retrospection is a bold
move. He went on to encourage EirGrid members to engage directly with UPS
manufactures to find out what they can do and what are their limits.

e) EirGrid members have not met with OEMs, but they have met with other TSOs, and it is
a challenge for the other TSOs who are also experiencing this issue.

f) Miriam Ryan (EirGrid Chairpersomted that the EirGrid Grid Code is retrospectively
applied. Sam Matthews (JGCRP Chairpecs®@NI) further advised that users can apply
for a derogation.

The next industry webinar on this proposal will takeesday 22 October 2024, 10:00 to 12:00



Part 6¢ Presentation from 2 Industry Webinar on 22 October 2024:

Fault Ride-Through
Requirements for
Demand Facilities

Industry Webinar
22 October 2024

EirGrid SONI

Summary

= Some large Demand Facilities are automatically reducing and restoring
their demand in response to remote system faults.

* This behaviour has been observed from some new, large-scale, inverter-
based demand facilities, which now make up approximately 70% of all
transmission connected demand.

= The issue has the potential to exacerbate the impact of transmission
system faults, leading to cascade trips and a significant system incident.

= The issue will continue to grow as this type of demand ramps up and,
unless resolved, these behaviours will significantly impact on our ability to:
a) operate the power system securely, and
b) evolve operational policy to facilitate higher levels of renewable generation.

= The TSOs are proposing the inclusion of Demand Facility Fault Ride-Through
Requirements in the Grid Codes to address this issue.

EirGrid/ SONI

B\




Agenda

1. Power System Background and Transmission Connected Demand

2. Fault Ride Through behaviour and the impact on the Power System
a) Actual System Events
b) Potential Future Events

3. International Experience

4, Presentation of the Working Draft Grid Code Modification.

5. Next Steps and Open Discussion

EirGrid/ SONI

Background

- By end of 2022, there was 734 MVA of Current System Demand

Data Centre and new large energy user * Peak: 7.0 GW
demand connected. * Minimum: 2.5 GW

In Ireland, there is approximately 2000
MVA of demand capacity that is
contracted to data centres and other
new technology loads at the
transmission level, and approximately a
further 300 MVA contracted at the 110

kV distribution level.
Table 1: Data centre and new large energy users demand, additional to the
734 MVA of existing demand by the end of 2022

A significant proportion of this demand

. Forecast scenario Growth from 2022-2032 (MVA] 2032 demand [MVA)
is connected, or expected to be > - - - o
connected, in the Dublin area.

Median 810 1,543

High 1,276 2,010

EirG rid SDN' Source: EirGrid & SOMI Generation Capacity Statement 2023-2032




Fault Ride Through

Behaviour of Lar

Users and Impact on the

Power System_

EirGrid) SONI)

Frequency in Power Systems

Electricity Generation and
Consumption are in Balance

50 &

NS

Consumers Generators
Balanced
EirGrid SONI

More Electricity Generation
than Consumption

50
9 S
a- 2,

4

"

SN PN
N~ A
Consumers /\
Generators

More Consumption than
Electricity Generation

consume more generate less

Negative Balancing Energy

50
Qq S,
o o 2

o) 2
A ~N
g Generators

Consumers
sume less generate more

Source: Next Kraftwerke




Voltage Induced Frequency Rise - Step Through

Node Voltage
Severe System Fault
z
>
Generation
z
[= 9
UPS Load
z
=
- g -. e
EirGrid/ SONI
Voltage Induced Frequency Rise - Step Through
Node Voltage
Severe System Fault
=
=
Voltage Dip
Generation
z
=
=%
UPS Load
z
=
- g - e
EirGrid/ SONI




Voltage Induced Frequency Rise - Step Through

Node Voltage
Severe System Fault
=
Voltage Dip =
G - Reduction temporarily
UPS Load - Reduction permeant )
Generation
z
[=%
UPS Load
3
~ (=
EirGrid/ SONI
Voltage Induced Frequency Rise - Step Through
Node Voltage

Severe System Fault

Voltage Dip

i

G - Reduction temporarily
UPS Load - Reduction permeant )
Generation

P [MW]

UPS Load

P [MW]

EirGrid/ SONI




Voltage Induced Frequency Rise - Step Through

Transmission System Fault

Voltage Dip

Initial Generation and UPS Load
Reduction

Fault Cleared

Generation Output Recovers
UPS Load Reduction Sustained

Power Imbalances Causes
Frequency to Rise

EirGrid SONI

MNode Voltage

=
=

Generation
z
=
[«

UPS Load
=z
=
o

Time
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Example of Observed Response

» Following a transmission system fault that causes a
transient voltage dip on the power system, data centre
demand has been observed to reduce for a prolonged
period before being automatically restored.

» This demand reduction causes a significant imbalance
on the power system leading to a positive RoCoF and
frequency rise.

» Similar responses have been observed by other TSOs in
Europe and the USA.

50.3
— Fra —— RoCoF
a “lto1o
£ 502 %
g 0.05=
£ s
4 50.1 s
Iy 0.00 &
50.0 T T T T r - - -
0 10 20 30 40 50 60 70 80 90

Time [s]

Disturbance propagation
(contour map) and
collective Data Centre
Response (13 Dec. 2022,
220 kV fault in Dublin

o
-25
—s0 -204.34 MW
= 75 rd
H rd
= _100 P
| s
3 -12s ,/
—150 /
s
—-1754 rs
i
—200
5 10 15 20 25 20 35 40 a5
Time [s]




2025 Scenario

» The example presented here is based on
simulation of a 2025 scenario with additional
data centre demand with performance
characteristics reflective of existing behaviour.

» The impact of a three-phase fault on the
Dublin transmission system was modelled in
our power system dynamic simulation tool.

» The fault results in a voltage dip that triggers
a high level of demand reduction at data
centres causing a significant power imbalance
and high frequency. In the model
approximately 800 MW of data centre demand
reduction was observed which triggered an
equivalent 900 MW tripping of wind generation
to maintain stability.

Additional data centre demand with similar

performance characteristics will further
exacerbate this issue.

EirGrid/ SONI

] 02 04 06 08 1 12 14 16 18

Time [s]

2 22 174 26 28 3

Voltage magnitude of a relevant transmission bus following a three-phase
fault in Dublin based on a 2025 Scenario.

50.8

50.6

2
;.

Frequency [Hz]
&, 8
= 8 b

&

»
o
.
N

6 8 10
Time [s]

System Freguency following a three-phase fault in Dublin based on a 2025 Scenario.

International Experiences

and Examples of
Standards

EirGrid) SONI )




Examples of Standards

In the following slides we present examples of fault ride-through standards from:

1. ENTSO-E (European TSO Representative body) Data Centre Fault Ride Through
Requirements Proposal

2. ERCOT (TSO in Texas) - Large Load Voltage Ride Through Standard Proposal

3. RTE (TSO in France) - Data Centre Fault Ride Through Requirements

EirGrid/ SONI

Example 2: The European Network of Transmission System Operators for Electricity
(ENTSO-E) Proposal

The European Network of Transmission System Ui 4
Operators for Electricity (ENTSO E) proposed to the P
European Union Agency for the Cooperation of Energy
Regulators (ACER) to include a new data centre
demand category (110 kV and above) requirements in .
to Network Code on Demand Connection (DCC 2.0) Uz
and apply Fault Ride-Through, RoCoF and Limited
Frequency Response, among others.

| NC DC = Main points of ENTSO-E response

Voliage parameters (pul Tirme pasameters {seconds)

u, 0 Lt 0,14:0,15 {or 0,140,235 if system protection and secure
operation so require)

Up.: U, [ [

Uper? Ui b’ L=

EirGrid) SONI

Source: ENSTO-E proposal




Example 3: Electric Reliability Council of Texas (ERCOT) Proposal

I Large Load Voltage Ride-Through Standard Proposal
(1/2)

Large Loads that interconnect to the ERCOT Transmission Grid must ride through
and shall not cease its power consumption for the following operating conditions in
Tables A and B, as measured at the Large Load's Point of Interconnection:

TableA
oot-Mean-Square Voltage ‘WMinimum fide-Through Time
{p.. of nominal) (seconds)
v>120 May ride-through of trip
110<V$120 05 .
09055110 o Based on IEEE
0.805V <090 20 1668 Single-
0.05V<080 050 —1 Phase and
0505V<070 020 } Phase-Phase
V<0.50 05 Curve
Table B
Based on m:muum»mwm.n Miniiouns de-Throwgh Thna Based on ITIC
IBR | Voltage (miliseconds) Curve, but
n (9.0, of nominal) o ride
NOGRR245 ML May ride-through or ip through fault
L £2 duration
160<Vs170 10
1280<Vs160 30
1.20<Vs140 150

—— ercots

PUBLIC

EirGrid SONI

Source: Electric Reliability Council of Texas (ERCOT), USA

Example 4: Réseau de Transport d'Electricité (RTE - France) Proposal

Voltzge (pul
Urecl
Urecz
£
Voltage parameters (pu) Time parameter (seconds)
M— T -
125 et 25
Uret3 1.15 (and 1.1 for Tret3 30
400Ky)
Time (sech
3 ~ -
& LI
Waltaga {pu)
lpu
Urec2

Voltage paramet: ) Time parameter (seconds)

Uret 0.05 TO 0

Uret

= ES 'E Time (Sech

EirGrid/ SONI

Source: RTE, France's Transmission System Operator




Working Draft of Grid
Code Modifications

Fault Ride-Through Requirements for System Users

Grid Codes Network Codes (RfG, DCC, HVDC)

Generators
Power Flfl-:ll\()\ :;\odules
Interconnectors
] Demand Facilities
Power to Gas Facilities
Electric Vehicles

~ 1
H : ACER Recommendation on proposal for amendments to the
E [ rG rld SDNl network code on requirements for demand connection [Source]




Grid Codes ) o e

/ Eh%
/ Gridc
EirGrid Grid Code: Proposal is to add the requirement to the Connection Worton 1 5
Conditions. CC7 - Specific Design and Performance Standards that are applicable / e,
el / ™
to Demand Facilities. / c'.:.':;?;‘:';hm .
i e o
A facility which consumes electrical energy and is connected at Je’ - - "
Demand Facility(ies) one or more Connection Points to the Transmission System. .:"F e 800,
The Distribution System and/or auxiliary supplies of a / —
Generation Unit do not constitute a Demand Facility. ,f ’,* 1‘“‘%&%&
f
f‘l.l
|l|’
SONI Grid Code: Proposal is to develop a new Demand Facility definition and add f; SON’
the requirement to a new Connection Condition schedule. /
II.'" Y g,
/ “ ol g,

/
SOMI_GridCode_Jun_2024.pdf |
!

EirGrid/ SONI

Working Draft of the TSOs’ Fault Ride Through Proposal

The voltage-against-time profile specifies the required
capability as a function of voltage and Fault Ride-Through
Time at the Connegtion Point before, during and after the

Fault Disturbance=

EirGrid/ SONI

)

Demand Facilities shall remain connected to the Transmission o RN
System and continue to operate stably during’ and following ';" 0.45, 90% iy

any Fault Disturbance on the Power Systemswhich results in a a ™ ot
Voltage deviation which remains on gr' dbdve the voltage- :5_"_ o
against-time profile specified in gle figure at the Connection o 0.45, 50% F,

Point. ) s 50k e)

. < F)

Following clearance of the Fault/Disturbance, the Demand o 3 N I

Facility should return to prefauL)lnditions and maintain its 8 . v hi

Demand above 95% of prefault value unless otherwise agreed 2 i0.15, 0% -

with the TSO. = o L A

¢ 2 0.000 0.200 0.400 fj 40.800 1.000 1.200 1.400 1.600 1.800 2.000
Time (seconds)




Other Existing Requirements and Gaps in these Requirements

There are existing Grid Code requirements for some
Demand Facilities (those defined as ‘Demand
Connection Code Units’ (DCC Units)) related to
frequency and voltage range standards.

These standards do not currently apply to ‘Non-DCC
Units’ and do not include the application of the Rate of
Change of Frequency (RoCoF) standard for the Ireland
and Northern Ireland power systems (+/- 1.0 Hz/s).

The implications of these gaps are under consideration
by the TSOs.

EirGrid/ SONI

CC742 Demand Facilities, Closed Distribution Systems and Distribution Systems shall:
7421 Remain synchrenised to the Transmission System and operate within the frequency
ranges and time periods specified in Teble CC.7.4.2.1.

Systems and Distribution Systems to Remain Operational without Discannecting

Frequency Range Time Period
47-475Hz 20 scoonds
47.5-485Hz 90 minutes
48.5 - 49 Hz 90 minutes
4951 Hz Unlimited
51-515Hz 90 minutes
51.5-52Hz 60 minutes

CC.74.2.2 Remain synchronised to the Transmission System and operate within the ranges of
the Transmission System Voltage at the connection point, for an unlimited time
period, as specified below:

i) 400 kV system: 360 kV to 420 kV (0.9 p.u. - 1.05 p.u.)
(i) 220 kv system: 198 kV to 245 kv (0.9 p.u. - 1.114 p.u.)
(i) 110 kV system: 99 kVto 123 kV (0.9 pu. — 1.118 pu.)

EirGrid Grid Code - *DCC Unit’ Standards

Next Steps

* Feedback on the draft Grid Code proposal may be provided to:

EirGrid Grid Code team: GridCode@eirgrid.com

Demand Customer Representatives on the EirGrid Grid Code Representative Panel:
Thomas O’Sullivan, thomas.osullivan@augh.com

Gavin McClean, gavinmcc@meta.com.

SONI Grid Code team: gridcode®@soni.ltd. uk.

* The TSOs intend to return to the December 2024 Joint Grid Code Review Panel
(JGCRP), and individual EirGrid and SONI Grid Code panels, to seek recommendations

for the proposal.

EirGrid/ SONI




Open Discussion




Part 7Faultride-through requirements for Demand FacilitiPsscussion item from Joint Grid Code Review
Panel Meetindd4 DecembeR024:

3Di scuddmionnut es

Faul t-TRroeg
Requirement
Demand Fac.i

JGCRP Meeting
OdDecembe24
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Faul t-TRrdegh Requirements for Dem

0 The TSOs are proposing the inclThsiowung ho fRe@amarednemd cs

Grid Codes to address the issue with some Demand F
demand in response to remote system faults
0 A draft modification proposal was original2#h prese

Septe@dP@PBhe TSOs were aiming to submit a draft mod
Decemb@2dGCRFCRPs

0 The TSOs hosted an indetrny dwskiursar oam @coctadliemr opo
feedbBaked on the feedbgaekdweebaesetsetei pedvide mot
considerati onweofhavwve deciukesd to delay bringing forv

modi fication proposal to facilitate further engage
U0 We wi |l | hold a further | ndtotmpy owe bdienam ampd2d ee mne |
and nextTherepwill also be an opportunity for any D
on work they are undert.aking to address this issue

0 The TSOs are aiming to complete this engagement an
member s at 2t0REC CMMEECRIP s
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Position Pape

r on

Connection

Further Consideration for Grid Co
ccr42 Demand Facilities, Closed Distribution Systems and Distribution Systems shall:
cC7421 Remain synchronised to the Transmission System and operate within the frequency
ranges and time periods specified in Table CC.7.4.2.1.
Table CC.7.4.2.1: Minimum Time Periods for Demand Facilities, Closed Distribution
Systems and Distribution Systems to Remain O, without Disconnecting
AThese stanfAlnclude t hlAAdd ___
. Frequency Range Time Period
are now an| applicatijol requir emeg T —
applied agnf the Rate |of the reco T B
units Change of the Demar b S
AAl s o applly Frequency Faci blidad 49-51Hz Unlimited
standar ds (RoCpsk anda| foll owi ng SI-515Hz 90 minutes
NosDCC wunit| for lTrelagn fault EXET s
NI power |s|lADefine r e
( -t1/0 H iS) ti mefr ame|cran Remain synchronised to the Transmission System and operate within the ranges of
the Transmission System Voltage at the connection point, for an unlimited time
period, as specified below:
(i) 400kVsystem: 360 KkVto420kV (0.9 p.u.-1.05 p.u.)
(ii) 220kvsystem:  198kVto245kV (0.9 p.u.-1.114p.u)
— (iii) 110kVsystem: 99KV to123kV (0.9 p.u.—1.118 p.u.)
EirGrid/ SONI EirG3riidd 60EE BRtiadndards
Further Consideration for Grid Co
entso@
U ENTIEOpublished a positioh paper recommending an
i mpl emeniladrn meictoifon refuirements for
PowkKGas demand| facilities
UPA 1T arge numbettldpasnewi psjweirl | 1ikely
b e —connec ted to the syst E m b egNPsO-£ PJsiﬁd‘hloH ®rgent Cohné@ionk
coce provisions are Norma' 'Y Ri frém%&saflgrPXweLt%‘-&As‘bé‘?ﬁaHd‘ e
The connection of these wujnit SF N ) TR appropriate &
coordinated technical rpequi rekpﬁfﬁiﬁmm may therefore
create an important rlfJsk for system robustness
From:System Development Committee
i The position paper redommends TSOs establish
mi ni mum technical requilrements for Power to Gas
demand facilities topi remnlsludienggrid resilience
fFault ride throBRg@GoFemojuesmeas s
and post fault acltive power recovery
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Next Steps

AThe TSOs aaesdoomndng industry webinar o t he
Demand Facility Fault Ride Through prop®sal

o0 DatTei mduesd@®&yecemB&8R242000 d 200 /\

A The TSOs intend to2p0&buORPNdoi hdevMduah
EirGrid and SOdIs&€kpaeebsmmendati ons for the
prop.osal
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Part8 ¢ Extract from approved meeting minuté®m Joint Grid Code Review Panel Meeting 04 December

2024 regarding the Fault Ride Through requirements for Demand Facilities Discussion item

Discussion Item - Fault Ride -Through Requirements for Demand
Facilities

a)
b)

f)
9)

h)

)

K)

1)

Saif Aldahmor (TSO Presenter) presented this discussion item to the panel members.
DF @AYy aO/ tSly 05SYlFIYR /dzalG2YSNRO YR ¢K2YIl &
several concerns:
a) Fequency changes and active power recovery shoultliiber
discussed at the webinar.
b) The March GCRReetingappears to be very premature to bring forward
a Grid Code modification. Will all the studies be comphsteherr?
c) wSIjdANBYSyiGa GKIG ySSR + mnm: RSNRIL
d) The full weight of this requirement falls on Gavin and Thomas. A
substantial economic weight. They would like the TSO to consider a
public consultation.
SaifAldahmor (TSO Presenter) noted that the TSOs understand the challenges and will
continue to work with industry.
CK2YlFa hQ{dAf t AGlY 065SYlFYyR /dzaAG2YSNARUOL NBI dzSa
Miriam Ryan (JGCRP Chairperson) noted that a public consultation is not a required under
the EirGrid Grid Code but it can be facilitated under exceptional circumstances.
ACTIONS: The TSW# consider tre requestfor a full public consultation
¢CK2YlFa& hQ{dzZ ft ABFYy 065SYlIyR /dzai2YSNBO SEGSYR
representatives to visit Aughinish Alumina to discuss the issues raised by Demand
Customer representatives.
Patrick Liddy (DSU) asked the question if the implications of a high frequency low voltage
event is like the interconnector tripping while in export mode. Are these events
comparable?
Saif AldahmorTSO Presentetalked through a worstase scenario of a fault near the
interconnector with the loss of 500 MW of demand and EWIC trips, in the Dublin area
where there is a large proportion of demand energy users this will result in demand
reduction. How do we best fiig the system when we are facing demand reduction from
demand facilities?
Patrick Liddy (DSU) queried if an upward frequency system services product could serve
to reduce this problem, as in procuring system services to manage the imbalance is an
option.
Saif Aldahmo(TSO Presentegdvised hat it is very difficult for any TSO to manage this
imbalance even with high system services. He also clarified that thafeR3
requirementfor interconnectors.
Gavin McClean (Demand Customer) noted that industry want to work with EirGrid but
what is bring proposed is not achievable.

m) An industry webinar, hosted by the TSOs will take place Tuesday, 10 December 2024.



Part 9¢ Presentation from 3 Industry Webinar on 10 December 2024:

Fault Ride-Through
Requirements for
Demand Facilities

Industry Webinar
10 December 2024

EirGrid SONI

Agenda

1. Power System Background and Transmission Connected Demand

2. Fault Ride Through behaviour and the impact on the Power System
a) Actual System Events
b) Future Scenario

3. Grid Code Proposal Updates

4. ENTSO-E Position on Connection Requirements for Power to Gas Demand Facilities.

3. Next Steps and Open Discussion

EirGrid/ SONI




Engagement Since 22 October 2024 Industry Webinar
1. Joint Grid Code Review Panel (JGCRP) presentation

2. Bilaterals with several demand customers

3. IBEC engagement

4. Briefings to other key stakeholders such as Department of Environment, Climate and
Communications (DECC), Commission for Regulation of Utilities (CRU) and Utility Regulator
(UR)

EirGrid/ SONI

Background

- By end of 2022, there was 734 MVA of Current System Demand

Data Centre and new large energy user * Peak: 7 GW
demand connected. * Minimum: 3 GW

In Ireland, there is approximately 2000
MVA of demand capacity that is
contracted to data centres and other
new technology loads at the
transmission level, and approximately a
further 300 MVA contracted at the 110

kV distribution level.
Table 1: Data centre and new large energy users demand, additional to the
734 MVA of existing demand by the end of 2022

.AS]gnTﬁ Cant proport]on Of th]s demand Forecast scenario Growth from 2022-2032 (MVA] 2032 demand [MVA)
is connected, or expected to be | - -
connected, in the Dublin area.

Low 304 1,038
Median 810 1,543
High 1276 2,010

EirG rid SDN' Source: EirGrid & SOMI Generation Capacity Statement 2023-2032 4




Fault Ride Through
Behaviour of Larg
Users and Impact on the
Power System_

EirGrid) SONIL)

Example of Observed Response

Following a transmission system fault that causes a
transient voltage dip on the power system, data centre
demand has been observed to reduce for a prolonged
period before being automatically restored.

This demand reduction causes a significant imbalance
on the power system leading to a positive RoCoF and
frequency rise.

Similar responses have been observed by other TSOs in
Europe and the USA.

50.3

Sys. Freq [Hz]
RoCoF [Hz/s]

10 20 30 40 50 60 70 80 90
Time [s]

Disturbance propagation

(contour map) and
collective Data Centre

Response (13 Dec. 2022,

220 kV fault in Dublin

-204.34 MW

15

20 25 30
Time (5]
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2025 Scenario

» The example presented here is based on

simulation of a 2025 scenario with additional =
data centre demand with performance %"0_6
characteristics reflective of existing behaviour. S ..
» The impact of a three-phase fault on the 01
Dublin transmission system was modelled in o
our power system dynamic simulation tool. 0 02 04 06 08

» The fault results in a voltage dip that triggers

1

12 14 16 18 2
Time [s]

22 74 26 28 3

a high level of demand reduction at data
centres causing a significant power imbalance

Voltage magnitude of a relevant transmission bus following a three-phase
fault in Dublin based on a 2025 Scenario.

and high frequency. In the model
approximately 800 MW of data centre demand
reduction was observed which triggered an
equivalent 900 MW tripping of wind generation
to maintain stability.

» Additional data centre demand with similar
performance characteristics will further
exacerbate this issue.

50.8

50.6

Frequency [Hz]
3 3
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n
=)
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496

=]
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6 8 10 12
Time [s]

System Freguency following a three-phase fault in Dublin based on a 2025 Scenario.

Impact on the Ireland and Northern Ireland power system

+ Historically our largest imbalance has been in the order of 500 MW
e.g. interconnector trip.

* Relative to other power systems, this is high (as a percentage of
system demand) and managing system stability for such an event has
been a focus for EirGrid and SONI.

*  While reserve requirements and operational policy have been
designed to manage this scale of imbalance, the scale of the
potential imbalances as a consequence of demand reductions is now
significantly increased and will potentially be multiples of the
historic largest imbalance if solutions are not implemented.

* This scale of imbalance would be unprecedented from an
international power system perspective and presents challenges for
the security of the power system and all system users.

EirGrid/ SONI

Continental Europe

1.5%

Imbalance: 3000
Minimum Demand: 200,000 MW

Great Britain

5?

0

Imbalance: 1300

Minimum Demand: 25,000 MW

Ireland and Northern Ireland

>30%

Imbalance: >1000 MW
Minimum Demand: 3000 MW




Approach to Tackling the Issue
Addressing the Demand Facility
driver Grid Code Requirements capability to ride
through faults
. Increase Inertia & Reserves
Addressing the Restrict IC Exparts
consequences Operational Management Expand OFG5*
Sectionalise Tx Network
Controlled restoration
Reactive Compensation
Reduce Voltage Di
e e.g. Statcoms (HV or MV)
Potential Service /
Infrastructure Solutions
Inertia and Reserves
Manage Imbalance e.g. Synchronous
Condensers and Storage
EirGrid/ SONI

*OFGS: Over Frequency Generation Shedding

Working Draft of Grid
Code Modifications

”!

n




Working Draft of the TSOs’ Fault Ride Through Proposal

Demand Facilities shall remain connected to the Transmission
System and continue to operate stably during and following
any Fault Disturbance on the Power Systemywhich results in a
Voltage deviation which remains on abdve the voltage-
against-time profile specified in gle figure at the Connection
Point.
Following clearance of the Fault/Disturbance, the Demand
Facility should return to prefaul £nditions and maintain its
Demand above 95% of pre’fault value unless otherwise agreed
with the TSO. b

{ 4
The voltage-against-time profile specifies the required
capability as a function of voltage and Fault Ride-Through
Time at the Connection Point before, during and after the
Fault Disturbance:~

EirGrid) SONI
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