Outturn Awvailability and Generator Forum
4th March 2021
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Agenda

Outturn Availability Process/Updates

Outturn Availability Overview
Ex-Post 2020 Report
Outturn Availability Settlement

5 min break

Transmission Qutages

TOP21 Overview
Programme Delivery Update
ESB Networks Update

5 min break

Operational Updates

EDIL Declaration Codes
System States
New Control Centre Tools and Ramp Forecast
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Generation Outage Planning

— Generator Outage Requirements

Grid Code Requirements:
* Confirm the outage plan(s) for each Generation Unit to EirGrid for Year Y.

e Submit the provisional outage plan(s) to EirGrid for Y+1 and Y+2.

Outage Season Outage

Mar
Y-1

EIRERID



Submission of Annual Outage Plans

ERGRID, Submission of Annual Outage Plans- Form GENO03

Year of Company Station |Unit Name| # days |Proposed Start| Proposed End Outage Reason Additional Information
Outage Name Name Date Date

http://www.eirgridgroup.com/customer-and-industry/general-customer-information/outage-information/generation-outages/



http://www.eirgridgroup.com/customer-and-industry/general-customer-information/outage-information/generation-outages/

Generator Outage Detall Form — Form GENO4
(V2.1)

Section 1 of 4: Outage Details

Section 3 of 4: Testing

Section 2 of 4: Availability of supply to the Generator Transformer

Section 4 of 4: Commissioning & Energisation Requirements

generator’s site such that:

Will there been any material change to
any of the HV equipment at the

An EirGrid Energisation Instruction (E1) will
be required e.g. for invasive work on HV
plant including CBs, VTs, CTs, connections,
transformer, transformer auxiliaries, etc?
Details of when an El is needed are
contained in the Becoming Operational

Y/N

Generator Customer Information  Pack,

If Yes, please provide details (including
estimated dates)

http://www.eirgridgroup.com/customer-and-industry/general-customer-information/outage-information/generation-outages/



http://www.eirgridgroup.com/customer-and-industry/general-customer-information/outage-information/generation-outages/

Generation Outage Planning: Wind

Controllable WFPS: Grid Code requirements for outage planning apply (OC2)

Endeavour to align maintenance with outages wherever possible
Greater opportunity to align if information is received in a timely manner.
As soon as outages are known, please submit to EirGrid.

Wwind Farm Outage Request Form: for all outages greater than 5 MW
Request for Transmission Work Form: for work requiring an ESBN operator

Any guestions, please contact your EirGrid Customers and Stakeholders
account manager.

Note: Distribution connected windfarms: all communications are through the DSO
except Wind Farm Outage Request Form - Send directly to TSO & copy DSO

EIRGRID



Submission of Wind Farm Outages

Wind Farm Outa  Generator VO Request Form — Form GENO6

EirGrid endeavour continuousl
the market. Full and partial
forecasts. Failure to provide ot To: From: Date:
Grid Code will affect the forec
for wind dispatch and market s

Subject:

Please complete the following
throughout the year. We requ
3 weeks in advance of the requ

Section 1: Outage Request Ty Preferred VO Timings VO Start Time/ Date VO Finish Time/ Date

New Complete Wind Farm Ou
New Partial Wind Farm Outag

Section 1: VO Details
Item(s) of Plant on VO

Reason
(please provide as much detail

Section 2: Wind Farm Descrip as possible)

Company -
Wind F ESE Metworks Required

Ind Farm {if yes state time, date and
Market ID Station in Charge of Switching)

* PRI ——— Section 2: Commissioning & Energisation Requirements
T — Will there been any material change to any of | Y/N | If Yes, please provide details (including

Outage Reason the HV equipment on site such that: estimated dates)
MW Unavailable a Declaration of Fitness (DOF) will be required

Start Date to be submitted

End Date an FirGrid anrEir.‘a_tj(m Instouction (and thml:- |

http://www.eirgridgroup.com/customer-and-industry/general-customer-information/outage-information/generation-outages/



http://www.eirgridgroup.com/customer-and-industry/general-customer-information/outage-information/generation-outages/

Generation Outage Planning

Inputs Methodology
Generation outage requirements Deterministic and probabilistic analyses
Wind generation capacity credit A number of criteria must be satisfied:
Tie-line capacity Minimum margin
Interconnector capacity Maximum Loss of Load Probability
Forecast demand Operational constraints
Operational security standards Replacement reserve

Black Start

Regional

EIRGRID



Outage Planning

— Generator Outage Requirements

= Committed Outage Programme

September 2021:
*  Publish Committed Outage Programme for 2022
* Publish Provisional Outage Programme for 2023 & 2024

% —
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Transmission Outage Planning

‘ Transmission Outage

1. Generation Outage Plans .
N~ 000 Planning

2. Customer Outage Preferences .
Maximise Works Scheduled Transmission

- o Outage
: Minimise Transmission
3. CAPEX — Outage Requirements programme

Constraints
‘.

4. Maintenance Requirements

~ |

Accommodate Stakeholder

Operational Security Standards

EIRGRID
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Transmission Outage Planning

. Generator Outage
. Capital Projects
. Maintenance

Considerations:

- Highly Meshed Network
- Outage Conflicts

- Complimentary Outages
- Proximity Outages

- Align outages to avoid
double impact on
customer

——

EIRGRID
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Outage Planning

— Generator Outage Requirements

= Committed Outage Programme

Transmission Outage Programme
Outage Season Outage
Mar Feb

Y-1 Y-1




Transmission Outages on EirGrid Website

EIRGRID About The Grid How the Grid Works Customer & Industry Library Newsroom Contact
GROUP

Home * Customer & Industry » General Customer Information » Outage Information » Transmission Outages

Transmission Outages

Transmission Qutages involve planned times when transmission infrastructure (lines, cables and substations etc.) will be maintained and not in service. It also
involves times when testing, connection of new plant and decommissioning of old plant is carried out.

Annual TOP,
updated monthly

We plan and manage an annual Transmission Oyfage Programme. This programme includes all outages of transmission infrastructure which are planned to occur this

2021 Transmission Outage Programme

year. You can access a list of planned outages fg@r the remainder of 2021 at the link below. Separate tabs are provided to list outages by region. An ‘Info’ tab is

provided to give information on the transmissigh outage planning process. An updated version of this document will be published in the first week of each month.

Transmission Outage Programme 2021

The following are the weekly documents dealing with the Transmission Outage Programme 2021.

Transmission Qutage Summary 2021 (Week 8-3) Fortnightly Look
Forward

http://www.eirgridgroup.com/customer-and-industry/general-customer-information/outage-information/transmission-outages/



http://www.eirgridgroup.com/customer-and-industry/general-customer-information/outage-information/transmission-outages/

2021 Ex-Ante Report

Report contains the overview of 2021
OACA Maintenance Programme.

The Ex-Ante report is reviewed by the

EirGrid Ex-Ante Outturn CRU
Availlable Connection Asset '
Maintenance Plan for the FO”OWing CRU approval |t iS pub“Shed

2021 Outage Season
E— on the EirGrid website.

Comments on the format and content
can be sent to
OutagePlanning@EirGrid.com

EIRGRID
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Questions?

——

EIRGRID
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Qutturn Avallablllty (OA) Overwew

TSO |mplementat|on )i Outtmn\@valléblllty DeC|5|on SEM-15-071
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Scope of Outturn Availability

Centrally Dispatched Generating Unit(s) (CDGUSs)
Controllable Wind Farm Power Station(s) (Controllable WFPS)

For disconnection of Outturn Availability Connection Asset(s)

(OACAS) on the transmission system
Controllable %

WFPS

CDGU

EIRGRID

18



What is Outturn Availability?

Applicable generation units must declare their Availability as per
the relevant Grid Code

Except for the following events where they must declare
Avallability as zero

Up to five calendar days for TSO scheduled annual maintenance work on
Outturn Availability Connection Assets (OACAS)

Where transmission work is being carried that is related to the relevant
generation unit

The TSO will schedule Annual Maintenance to coincide with
Generation Unit outages whenever possible.

EIRGRID

19



How Is Maintenance Work Decided?

Guide to Transmission
Equipment Maintenance

EIRGRID

Generators are disconnected for

annual maintenance
Policy requirement
Rooted in safety/reliability

Completed by the TAO

EIRGRID

20



Recap: Tailed Transmission and
Distribution Stations

Distribution Meshed Transmission
connected Transmission connected
Station
generator GEN A generator GEN B
Generator
transformer
Tailed
Distribution l
Station /l/\/l
1 @ ’
110/38 kV Tailed
transformer Transmission — Tx: 110 kV
Generator Stations — Dx: 38 kV
transformer == Qutage
O Tx Station
Q Dx Station

EIRGRID
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Talled Transmission and Distribution

Stations

Distribution Transmission
Meshed
connected Transmission connected
generator GEN A Station \ generator GEN B
OACAs of Gen A
Tailed
Distribution
Station /l/\/l
110/38 kv Tailed
transformer Transmission - Tx: 110 kV
Generator Stations — Dx: 38 kV
transformer == Qutage
O Tx Station
Q Dx Station

EIRGRID
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Talled Transmission and Distribution
Stations

Distribution Transmission
Meshed
connected Transmission connected
generator GEN A Station generator GEN B
, OACAs of Gen B
Tailed
Distribution
Station /l/\/l
rg\
110/38 kv Tailed
transformer Transmission - Tx: 110 kV
Generator Stations — Dx: 38 kV
transformer == Qutage
O Tx Station
Q Dx Station

23



Talled Transmission and Distribution
Stations

Distribution Transmission
Meshed
connected Transmission connected
generator GEN A Station generator GEN B

i Transmission circuit 1

1 .

1 «—— disconnected for
Tailed 1 i

Distribution ' annual maintenance

Station (e.g. 6 days)
o=@

110/38 kV Tailed
transformer Transmission — Tx: 110 kV
Generator Stations — Dx: 38 kV
transformer == Qutage
O Tx Station
Q Dx Station

EIRGRID
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Talled Transmission and Distribution
Stations

Distribution

Transmission
Meshed
connected Transmission connected
generator GEN A Station generator GEN B
Transmission circuit 2
disconnected for
Tailed annual maintenance
Distribution (e.g. 4 days)
Station l /l/\/l
4 ———————————————
110/38 kv Tailed
transformer Transmission - Tx: 110 kV
Generator Stations — Dx: 38 kV
transformer == Qutage
O Tx Station
Q Dx Station

EIRGRID
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Talled Transmission and Distribution
Stations

Distribution

Transmission
Meshed
connected Transmission connected
generator GEN A Station generator GEN B
Gen B, Outturn
Available after the 5t
Tailed day (i.e. 10 day total \
Distribution outage duration)
Station /l/\/l
A @ --------------- @
110/38 kV Tailed
transformer Transmission - Tx: 110 kV
Generator Stations — Dx: 38 kV
transformer == Qutage
O Tx Station
Q Dx Station

EIRGRID
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Talled Transmission and Distribution

Stations

Distribution
connected Non OACA
generator GEN A Distribution
circuit

disconnected
for maintenance

Tailed
Distribution

Transmission
connected
generator GEN B

idd

110/38 kV Tailed
transformer Transmission
Generator Stations
transformer

EIRGRID

O

— Tx: 110 kV
— Dx: 38 kV
== Qutage

O Tx Station

Q Dx Station
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Assignment of 5 Designated Days

Will align OACA Maintenance with the Generator Outage wherever
possible.

Schedule the maintenance as close to the beginning of the
Generator Outage as possible.

Minimise the duration of any OACA Maintenance that is not
overlapping with the Generator’s Outage.

Generator’s requests for specified dates of scheduling of OACA
Maintenance that is not overlapping with the Generator’s Outage
shall be reflected where possible.

EIRGRID

28



Provision of Windfarm Availability to
SEM

EirGrid provide a forecast of a windfarms power
output, sourced from our vendors, to SEM for
the period where the windfarm is outturn
available but disconnected due to a transmission

outage.

EIRGRID
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Questions?

——

EIRGRID
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Ex-Post Overview of 2020

Overview of the 2020 OACA Outage Season

EIRGRID
GROUP




2020 Outage Season in Review

~> Transmission Outage Plan was published

=> Ex-Post Forum was held

=> Scheduled and Designated Days were issued

~> Changes were recorded in season

> Ex-Post Forum

Season start  February Month —

4 weeks Nov

ﬂ

EIRGRID
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Scheduled and Designated Days

Throughout the season, each generator received details of the days scheduled for the
works and the designated days for the purposes of Outturn Availability (OA).

Hello XXX,

The following works are now scheduled

GENERATOR TRANSFORMER - XXXXX

TOXX XX XXXXX-XX €50 week: 17mo - 17sa

Date: 24 Apr - 29 Apr_Duration: 6 Days (5 WD)  Status: Scheduled

| WORK LOCATICMN WORK 1D = DANS DESCRIFTIOMN/COMMEMNTS
G Total Maintenance Outage Duration Requested
o= H oD 5 220k SF& Cubicle Ordinary Service
AMCAB H oD 2 Annual Insp. 400 & 220 Station OF Cable
PROT H oD 1 P1 - Maintenance of the bay protection relays
CMCAB H RO oD 1 Replace Low & Differential Oil Alarm Gauge

The designated days are the 24, 25, 26, 27, 28 April.

Regards
Generation Outage Planning

EIRGRID
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Changes recorded in season

Changes to the following were recorded in season.

# | Category Communicated

1 | Indicative window February

2 | Initial duration February

3 | Scheduled days M-4 Weeks

4 | Designated days M-4 Weeks

5 | Change to Works description Publication of Ex-Post Report
6 | Generator outage dates Publication of COP

7 | Scheduled works not completed |Publication of Ex-Post Report

EIRGRID
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Standard Reasons for Changes Used

* Reasons were intended to be comprehensive.

 Some changes do not fit neatly into one category.

* Following the onset of the pandemic, a new COVID-19 category was
created to ensure that outage programme changes driven as a direct result
of COVID-19 restrictions were captured

Changed to align with capital works (TSO)

COVID-19

TSO cancellation/postponement of works

Not Applicable

Scheduled late due to uncertainty around
capital works (TSO)

Corrective maintenance required to complete task and
address broken cable seals

TSO requested change for system reasons

Corrective maintenance task added in season

Changed to align with generator outage (TSO)

Works not required

Changed due to TAO resourcing

Corrective maintenance task added in season/Changed
as per generator request

Forced Overrun (TAO)

Changed as per generator request

TAO Requested Changed

Generator requested change to COP

Changed to align with capital works (TAO)

Works unscheduled (Gen)

TAO cancellation of works

Opportunistic Maintenance (Gen)

Changed due to network configuration

Custom: Database Omission

EIRGRID
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Category 1 : Indicative window communicated

Whether a change occurred to the indicative window
communicated in February 2020

B TSO Driven Change

M TAO Driven Change

m Non-Specific Change

M Generator Driven Change
m COVID-19 Driven Change

= No Change

EIRGRID)
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Category 2 : Initial duration communicated

Whether a change occurred to the number of days
communicated in February 2020

2%

M TSO Driven Change

B TAO Driven Change

® Non-Specific Change

M Generator Driven Change
® COVID-19 Driven Change

® No Change

< _,,7/\\

EIRERID

37



Category 3 : Scheduled days communicated

If a change occurred between the days of communication
to the generator and the outage

B TSO Driven Change

B TAO Driven Change

® Non-Specific Change

MW Generator Driven Change
® COVID-19 Driven Change

® No Change

— ;/7 o }A:""il:,,_».»i -~ > .«:’”:
, \
y
EIRGRID -
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Category 4 : Designhated days communicated

If a change occurred to the designated days (non-Outturn
Avalilable maintenance days) between the days of
communication to the generator and the outage occurrence

M TSO Driven Change

B TAO Driven Change

® Non-Specific Change

B Generator Driven Change
® COVID-19 Driven Change

® No Change

ﬂ

EIRGRID
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Category 5 : Works description communicated

Change to works description from those published in the
Ex-Ante Report

M TSO Driven Change

B TAO Driven Change

® Non-Specific Change

B Generator Driven Change
M COVID-19 Driven Change

® No Change

EIRGRID)
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Category 6 : Generator outage dates

Whether outage dates of generators changed leading to
changes in transmission maintenance works

1%_2% 1%

M TSO Driven Change

M TAO Driven Change

m Non-Specific Change

B Generator Driven Change
® COVID-19 Driven Change

® No Change

P .

L

L 25 Ny
N
/ b
N
"

41



Category 7 : Scheduled Works Not Complete

Whether work items communicated in February 2020 were
completed

B TSO Driven Change

M TAO Driven Change

® Non-Specific Change

B Generator Driven Change
® COVID-19 Driven Change

® Completed

< _,,7/\\

EIRERID
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2020 Generator Change Requests

Generator Outage Requests
g0 76

70

70

60

50

40

30

20

10

Mumber of Conventional CDGL's Generator COP Changesin 2020 STMOsin 2020

P T
e }' ’éjvi::,_n:\«»\ J.
/ %
)
EIRGRID
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Impact of COVID-19 Pandemic

COVID-19 pandemic caused significant disruption to
both the TOP and the GOP — particularly in the first half
of 2020

Knock on impacts for 2021 — number of generator
outages, transmission maintenance and capital projects
were deferred to 2021

Clarity provided by DCCAE to industry that personnel
required to carry out maintenance works on the electric
grid and at generating stations are deemed essential
allowing a partial bypass of Level 5 COVID-19
restrictions

EIRGRID
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2020 Ex-Post Report

EirGrid Ex-Post Outturn
Availability Connection
Asset Maintenance Report
for the 2020 Outage
Season

EIRGRID

Report contains the information
presented here — This will be
circulated

The Ex-Post report will be sent to
CRU for review.

Following CRU approval it will be
published on the EirGrid website.

Comments on the format and
content can be sent to
OutagePlanning @EirGrid.com

EIRGRID
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Forum Key Messages

The generator outage programme suffered
from major disruption to the COVID-19
pandemic. However, despite this, where
generators had an outage, transmission
works affecting a unit were generally
contained within the generator’s own outage
window.

The disruption to the Generation Outage ® SUCCESS
Programme caused a great deal of change
affecting OACA outages.

practice
l‘ instruction
training

learning

Despite COVID-19, similar volume of work
completed on OACAs to previous outage
season

EIRGRID
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Questions?

——
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Settlement of not Outturn Available Units

For the five calendar days when a unit is not Outturn Available:

The unit will most likely not trade in the Ex-Ante markets
The availability will be zero

The unit will be dispatched to zero

Balancing Market settlement will be zero

EIRGRID
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Settlement of Outturn Available Units

When a unit is Outturn Available:

The unit will most likely trade in the Ex-Ante markets

The availability will be non-zero

The unit will be dispatched to zero resulting in a dec action
Balancing Market settlement: CIMB and CDISCOUNT

EIRGRID
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Settlement of Outturn Available Units - CIMB

CIMB - Imbalance Payment or Charge
Calculated based on the units Ex-Ante Quantity (QEX) and Metered

Quantity (QM)
Zero QM

Non-zero QEX
CIMB will be a charge

CIMBuy = PIMBy x (QMLFuy - QEXuy)

CIMBuy = PIMBy X ( - QEXu}f)

EIRGRID
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Settlement of Qutturn Available Units - CDISCOUNT

CDISCOUNT - payment for decremental actions

TSO forced to dec the unit

QAB (Accepted Bid Quantity) calculated between the units DQ
(Dispatch Quantity) and FPN (Final Physical Notification)

Settled at the difference between PBOA and PIMB
CDISCOUNT is a payment

CDISCOUNTwy = 22 (Min (PBOuoiy - PIMBy, 0)io x (QABLFuoiy - Min(QABBPOLFuoiy,
QABBIASuoiy, QABUNDE Luoiy,QABNF LFuoiy, QABCURLLFuoiy, QABTOTSOLFuoiy)))

EIRGRID
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Settlement of Qutturn Available Units - CDISCOUNT

CDISCOUNT - payment for decremental actions

TSO forced to dec the unit

QAB (Accepted Bid Quantity) calculated between the units DQ
(Dispatch Quantity) and FPN (Final Physical Notification)

Settled at the difference between PBOA and PIMB
CDISCOUNT is a payment

CDISCOUNTwy = 2.2 (Min (PBOuoiy = PIMBYy, Q)io X (QABLFuoiy —Min{QABBPOLEuoiy;

EIRGRID
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Settlement of Outturn Available Units - Wind

For wind units, net settlement in the Balancing Market is €0.

As PBO is €0 for wind units, the unit will be paid CDISCOUNT at the
Imbalance Price — this is the inverse of the CIMB charge

CDISCOUNTuy = 22 (Min (PBOuoiy = PIMBy, O)io X (QABLFuoiy —Mirn{QABBPOLFEusiy;

EIRGRID
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Settlement of Outturn Available Units - Wind

For wind units, net settlement in the Balancing Market is €0.

As PBO is €0 for wind units, the unit will be paid CDISCOUNT at the
Imbalance Price — this is the inverse of the CIMB charge

CDISCOUNTuy = 22 (Min (PBOuoiy = PIMBy, O)io X (QABLFuoiy —Mirn{QABBPOLFEusiy;

CDISCOUNTwy = 22 (Min (- PIMBy,0)ioc x (QABLFuoiy))

EIRGRID
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Settlement of Outturn Available Units - Wind

For wind units, net settlement in the Balancing Market is €0.

As PBO is €0 for wind units, the unit will be paid CDISCOUNT at the
Imbalance Price — this is the inverse of the CIMB charge

CDISCOUNTuy = 22 (Min (PBOuoiy = PIMBy, O)io X (QABLFuoiy —Mirn{QABBPOLFEusiy;

CDISCOUNTwy = 22 (Min (- PIMBy,0)ioc x (QABLFuoiy))

CIMBuy = PIMBy x ( - QEXuy)

EIRGRID
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Worked Example

00:30 01:00

CIMB = PIMB x (QMLF - QEX)
= PIMB x (0 - 15)

Q. = PIMB x (-15)

QM CDISCOUNT = min (PBOA - PIMB, 0) x QABLF
= min (PBOA - PIMB, 0) x (-15)

QAB =DQ - FPN =-15MWh

Net Balancing Market settlement:
- For wind units: €0 as PBOA = €0
- For conventional units:
- Settled at PIMB if PBOA > PIMB

- Settled at PBOA if PBOA < PIMB EIRGRID
57



Common Queries

How does Firm Access Quantity (FAQ) feed into the Settlement of
outturn available units?
Non-firm quantities are accounted for in CDISCOUNT formula through QABNF
If a unit trades over their FAQ, they will not receive CDISCOUNT for this volume

CDISCOUNTuy = 22 (Min (PBOuoiy — PIMBy, 0)io x (QABLFuoiy — Min(QABBPOLFuoiy,
QABBIASuoiy, QABUNDELuoiy, QABNFLFuoiy, QABCURLLFwoiy, QABT OTSOLFuoiy)))

What if a wind unit does not trade?
If the unit has not traded, QEX = 0 => CIMB = €0
FPN will be non-zero as this comes from the units availability

Discrepancies between QEX and FPN are accounted for in CDISCOUNT formula
through QABBIAS

CDISCOUNTwy = 22 (Min (PBOuoiy = PIMBy, O)io x (QABLFuoiy — Min(QABBPOLFuoiy,
QABBIASuoiy, QABUNDE Luoiy, QABNF LFuoiy, QABCURLLFuoiy, QABTOTSOLFwoiy)))

EIRGRID
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Questions?

——
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Transmission Outage Programme 2021




TOP21 Overview

62 Capital Projects:

Associated Transmission Reinforcements (ATR)
Load Growth

Generation & Demand connections
Refurbishment Projects

Maintenance
~3,513 maintenance work items

> 1,250 outages planned

EIRGRID
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400 kV Network

Major Outages

Moneypoint — Oldstreet 400 kV: 15 WD (Jun — Jul)
* Oldstreet 400/220 kV transformer: 20 WD (Apr — May)
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South West — I\/Iajor 220 kV outages

e
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CHARLEWVILLE
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KNDCKEARAGH
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CODMAGEARLAHY
GLANLEE MACROONM '.

BALLYLICKEY

B LAY

Major 220 kV Outage
* Ballynahulla — Knockanure 220 kV: 108 WD (Mar — Jun, Aug — Oct, Nov)

e Ballyvouskill = Clashavoon 220 kV: 36 WD (Mar, Jun, Jul, Oct)
* Kilpaddoge — Tarbert 1 220 kV: 75 WD (Aug — Nov)
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South West — Major 110 kV outages
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Major 110 kV Outages

* Knockanure — Trien 2 110 kV: 45 WD (Sep — Nov)
* Tarbert—Tralee 1 110 kV: 40 WD (Mar — Apr)

64



Cork

Major Outages
e Knockraha — Raffeen 220 kV: 90 WD (Mar — Jul)
* Cullenagh — Knockraha 220 kV: 30 WD (Jun — Jul)
* Aghada — Raffeen 220 kV: 30 WD (May — July)
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-

~ORE CASTLEVIEW

iy LOUGH
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South East

Major Outages

Great Island — Kilkenny 110 kV: 110 WD (May — Oct)
Crane — Wexford 110 kV: 79 WD (Feb - Jun)
Great Island — Wexford 110 kV: 35 WD (Jun - Aug)
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HILL

SHELTON
ABBEY
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ARKLOW
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Greater Dublin

Major Outages

Corduff — Finglas 1 220 kV: 51 WD (Feb — May)
Finglas — North Wall 220 kV: 51 WD (May — Jul)

Maynooth — Woodland 220 kV: 90 WD (Jul — Nov)
Maynooth — Shannonbridge 220 kV: 30 WD (Jul - Sep)
Clonee — Woodland 220 kV: 60 WD (Sep - Nov)
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North West

Major Outages JremasarRAny
Flagford — Sligo 110 kV: 40 WD (Feb — Apr)
Cloon — Lanesboro 110 kV: 67 WD (May — Jul, Aug — Oct)
Bellacorick — Castlebar 110 kV: 15 WD (Sep)
Bellacorick — Moy 110 kV: 29 WD (Jul, Aug — Sep, Sep — Oct,
Nov)

Binbane — Cathaleen’s Fall 110 kV: 45 WD (Jun — Aug)
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North East

Major Outages

e Corduff Platin 110 kV: 40 WD (Jun — Nov) x2
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Grid Reinforcements Relieving
Constraints

Ballynahulla-Knockanure 220 kV circuit uprate
Energisation of Kilpaddoge-Knockanure-2 220 kV circuit
New Moneypoint 400/220 kV transformer

New transformer at Clashavoon 220 kV station
Knockraha 220 kV station reconfiguration works
Wexford 110 kV busbar uprate

Great Island-Kilkenny 110 kV circuit uprate

Thornsberry 110 kV busbar uprate

EIRGRID
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Questions?

——

EIRGRID
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EirGrid Outturn Availability Forum
Infrastructure Delivery Update 2021

. | Tionseadal Eireann
Al Project Treland

¥ | 2040
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Overview

. PR5 Scale of Shared Ambition
. PR5 Overview
. PR5 Context Challenges

PR5 Partnership with ESB Networks
PR5 Infrastructure Delivery Process Improvements

. PR5 Programme Oversight

PR5 Investment Planning & Delivery Incentives

EIRGRID
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PR5 Scale of Shared Ambition

=8 NETWORKS EIRGRID
GROUP
1. PR5 is the most ambitious programme of work
to be undertaken on the transmission & Scale of Ambition 2030 Targets
distribution system. 2015 2020 2025 2030

2. Programme includes over 300 projects & 24% PR
increase in CapEx allowance from PRA4.

Renewables MW

3. Enhanced process improvements deployed to
: 0)
embed the step change in our end to end 3= ‘
delive ry. 2560 4335 61.00 10 oD
MW
4. Joined-up approach and organisational Total Electricity Requirement TWh
alignment between EirGrid and ESB. Py
Everything we do is focused on end-to-end e s Q
delivery to 2030. 27 3 38 4
TWh T™W TWh TWh
5. PR5 provides solid foundation and pathway to

achieving 2030 targets.

- 4



Overview of PR5 Programme by Category

Battery
12 (5%)

éat;lo(/? Stations P Cat
0 Non-Renewable 0 (26%) roj egory
8 (3%) @ Stations
Demand - © 2030 Targets
34 (15%) : o Lines
® Demand
@ Cable
2030 Targets © Battery
Lines 51 (22%)

EIRGRID = _,



Overview PR5; What’s included?

1. PR5 Programme circa €1bn from 2021 to 2025, similar s Sumecn
investment scenario envisaged for PR6 to achieve
2030 targets.

2. PR5 Programme includes

1. Reinforcement projects from EirGrid East Coast
Opportunity Assessment included with combined EIRGRID
cost of €233.6m with additional spend in PR6. ”,

2. Deep reinforcement projects Dublin cables, new | 5
circuits etc. B

3. Projects required to connect legacy offshore
projects (Arklow, Codling and Dublin Array)

4. PR5 Customer connections for which connection
agreement in place-€266m.

5. PR5 does not include any offshore assets.

3. PR5 has mechanism to add additional projects to PR5
& PR6 as required.

EIRGRID —L -3 NETWORKS



http://www.eirgridgroup.com/site-files/library/EirGrid/East-Coast-Generation-Opportunity-Assessment.pdf

EirGrid Capital Approval Pipeline 2021/2022

SUMMARY*

UPRATES / UPVOLTAGE

STATION WORKS

NEW CIRCUIT

CABLE UPRATE / REPLACEMENT

REACTIVE COMPENSATION
TOTALSYSTEM REINFORCEMENT
TOTALREFURBISHMENT
CUSTOMER CONNECTIONS

TOTAL CAPITAL
APPROVALS 2021/22

NO. OF
PROJECTS KM

27

10

45
35

63

143

1‘...'. o (5
EIRGRID -
00 GROUP ¢ S ’%ﬁ s
i L : £
N/A Jasuary 2012 - s 7 ;L“
e i e C A ” 3
115 N 557 2E L A
:2::\'c e '-’\-"/' ~ e (
N s e
(] DKV Seaticas Y. / o
< iy Xy — bl
N/A . A
Trammission Ceanected Gezerstion 2 ”-ﬂ;: 7
B o G 4 e,
B merme | Generatios Le v oo ‘_‘/"f/
v ped Sterage G / .
Gen . . : . e =
,_5:(( “
275 =
> INCLUDES 39 TIER 3/LARGE
SCALE/STRATEGIC PROJECTS
* Provided for Illustrative Purposes EI RE RI D 77




Context PR5 — Challenges & Feedback

Key Known Delivery Risks in PR4 & PR5

Security of

Complexity of Supply

Scope

TSO/TAO

Customer & Collaboration
Demand

Connections

Planning Consent
& Land Access 78



Key Delivery Risks and Mitigations in PR4 & PR5

* Brownfield projects

¢ Increased the level of
technical complexity

e Access to cross
functional teams across
TSO/TAO to solve
issues

Compressed Timeline
Quality

Reputational impact-
Government/IDA
Handover to ESBN

g:x  Dublin Capital Works
Programme.

DSM « Operational Controls

Power Flow I » Additional Generators

Composite Poles . » Voltage Stability

Tower Voltage Uprate Innovation South West

Secu rity of Constraints

Suppl
Complexity of HHY

Scope

Customer
Demand/
Customers

Land Access

¢ Timely Access to Land

¢ Deployment of ALO/CLO to build
relationships with Landowners and 79
Reps and Communities.



Infrastructure Delivery Charter

NETWORKS

1.Partnership approach — common principles have
been agreed to guide this partnership.

2.Both organisations are committed to jointly
review end-to-end programme and project
delivery timelines to meet 2030 climate change
targets, meeting customer expectations and
maintaining safety and security of supply.

3.Full project lifecycle process improvements will
be considered by joint working groups.

EIRGRID
GROUP

=53

NETWORKS

ERGRID

Infrastructure Delivery Charter
Our role

EirGrid plc & ESB Networks are commitied fo driving he iranstarmation of the power sysiem for fuure generations.
We are advancing projects as a result of a number of palicy objectives on e issues of salely, environment, energy
securly, cimatz change, economic our pment plans provide a patway
for delivery of ihe 2030 cimate change targets, while maintaiing salety, security of supply and meeling demand and
datacentre connechion requiemens.

Engagement Principles

Wiz are all committed b3 working together wih the common goal of meatng the irarsmiszisn custames nasds in a
safe & responsive manner

Vie will enable TSO & TAD to carry out e statulory funciions In an eficlent manner on behalf of the eleciricly
customer.

Open, two-way, construciive feedback and critque informs all cur engagements.

W respect, recognise and appreciate the commitment, eficrt and mulual suppart shown by o

We shall engage In a poshive, proactive and prudent manner, 1o establsh proposals! solutions to address our
future challenges. Meaning.

We respect each ofher's views and questions because we are allgned In delvering on our commen
commitments.

We wil work togstfier In a manner that wil faclitate a proactve and colabarative aporoach to project
development.

ErGrid and ESB Project Managars ars smpowered io resclve lssies o ey ariss a5 closs (o the project as
possible.

Agreed escalation channels io be used when apprapriale ance efforts io resclve an lssue trough the project
ine have been exhausted

B Is our ambiion 1o develop & defiver complex: projects in a reliabie manner o meet the needs of the future grid
network

We are commitied o ensuring an efficlent (lme & cast) and respansive process for cusiomers seeking grid
connectians.

We will work with all stakeholders (customers, pubiic, indusiry groups, stafutory bodies etc. ) In developing the
arid .

We wil employ a continuous improvement process that ensures we look i lean from the past and sirive o fully
Implement lessons leamed. We will adopt new of fevised processes when nesded informed by lessons leamt
which are data anafysis difven.

We wil jointly wark fogether o ensure the development and roll out of new and innovative techinologies n a
timaly mannar, Infermad by the naads of the gnid system.

Agreed Approach - Common Principles to Guide our Partnership
Bofh arpanisations are cammittsd o jointly review end o end programme and project dedvery fmeines o mest
2030 cAmats change taets, while mainialning satety and securly f supoly.

Full project Mecycle process improvements will be considered when employing conbinuous Improvements via the
seven joint commitizes referenced In this charier's appendix

Beth oganisaions are commiied o jointly review project delvery bmelnes with a commiiment & Improving
outcomes for cusiomer projects

80




Infrastructure Agreement
S J NETWORKS Review Completed

EIRGRID
GROUP

1. An Infrastructure Agreement Review has been
completed and the resulting actions agreed by both
EirGrid and ESB Networks.

2.The Infrastructure Agreement and its underlying
principles remain fit for purpose.

3.Both organisations are focused on the transition to a
low carbon future and delivering now on pathway to
2030 to the benefit of all users of the transmission
and distribution systems.

Joint Comprehensive Review of the Infrastructure Agreement 2019
Close out Report

EirGrid {T50)/ ESBN (TAO)

EIRGRID a NETWORKS
GROLP
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EIRGRID

PR5 Delivery Process Improvements
& Step Change

Key Delivery Risks in PR4 & PR5

. Key risk for PR5 Grid delivery are well known
and understood from PR4.

. TSO/TAO has put in place the structures and
oversight across both organisations to deliver
the PR5 Programme.

. Structures in both organisations have been

aligned to improve delivery. process
. . . imPr‘ovemenJr
. Process improvements on scoping, clustering

etc are already in place and data available to
support step change, with more to come.

. PR5 Incentives with oversight and reporting

to monitor programme broadly agreed with STEP CHANGE
CRU.

=53

NETWDORKS



PR5 Programme Oversight

End to end Delivery

PR5 Incentives and Metrics for

Investment Planning and Delivery.

Targets for 2021-2025 across the
six step framework for Grid
Development.

Financial penalty/award for
delivery against targets.
Monitoring, control and reporting
processes in place and subject to
independent audit with report
issued to CRU.

An Coimisitn um Rialail Fontais
Commission for Requlation of Utllities

PRS Regulatory Framework,
Incentives and Reporting

83



PR5 Incentives

Investment Planning & Delivery Balanced Scorecard
End to end Delivery

PR5 Balanced Scorecard — 2021 Metrics & Assessment Framework

Number of Projects
Metric A . Projects Delivered . -
Area Weightin Metrics / Outcomes Audit Scorin
No. ghting / (Baseline) (Actual) 2
Jan-21 Dec-21
Step 1 Audit
1 10% A rovalpof Need No. of GW1 CAs Actual Assessment
P TBC Delivered
Scale
Investment
Planning
. Step 2 .
(Key Projects) Approval of Solution No. of GW2 CAs Actual Audit
2 10% Options TBC Delivered Assessment
Delivery Scale
Weighting
50%
Step 3 Audit
Approval of Best No. of GW3 CAs Actual
3 30% . _ . Assessment
Performing Option TBC Delivered
Scale
Delivery of 4 20% Routiiteg i\_:nmn 29 CPPs Actual Assggsdr:ent
Energisations ’ g e Issued to TAD Delivered
(Key Projects) Process Approval Scale
Delivery .
Weighting Step 6- TOP TOP21 Actual Audit
50% 5 30% . . . Assessment
Delivery baseline Delivered Scale

An Coimisian

um Rialail Fontais
Commission for
Regulation of Utilities

Subject to final approval by CRU in Q1 2021
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2020 Key Projects Energised &
Looking ahead to 2021 Energisations

* Mountlucas - Thornsberry 110 kV Line - New Line

e Clashavoon - Dunmanway 110 kV Line - New Line

e (Cashla - Salthill 110 kV Bay Conductor Uprate

e Corderry - Srananagh 110 kV Line Uprate

* Moy 110 kV Station Busbar Uprate

* Finglas - Shellybanks 220 kV Cable Diversion

* Killonan-Tarbert was transferred in 2020 making
Kilpaddoge - Killonan and Kilpaddoge Tarbert 2

2020

e Tarbert—Tralee 1 110 kV loop-in to Kilpaddoge 110 kV station
* Kilpaddoge - Knockanure 220 kV cable

* Ballyvouskill - Knockanure 220 kV Line Uprate

e Ballyvouskill 50 MVAr reactor

e Knockanure 50 MVAr Reactor

e Great Island - Kilkenny 110 kV Uprate

*  Wexford 110 kV Busbar Uprate

* Thornsberry 110 kV Busbar Uprate

2021

EIRGRID —L -3 NETWORKS




Recap

1. PR5 is the most ambitious programme of work ever undertaken
in the transmission system with work well underway.

2. Key risks and issues for delivery of transmission are well
understood and are being managed.

3. Robust level of oversight with independent audit by CRU in place.

4. EirGrid and ESB are committed to delivering the required
infrastructure to meet targets and alleviate constraints.

86
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Questions?

——

EIRGRID
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ESB Networks Update

EIRGRID
GROUP




NETWORKS

Transmission Maintenance &
Outage Co-ordination

Padraig Coughlan
Outage Co-ordinator, HV South NCD, ESB Networks
04/03/2021




Regions & Roles of Outage Co-ordinator

L NETWORKS

Role of Outage Co-ordinator

Transmission/Dist

L]
N SOUTHT—. Outage Coordination

Facilitate Outage
Process — Start to Finish
EirGrid
NearTime/TOP/TEM
point of contact
i TR NS &&L’x PL & Supervisor Support
Transmission
Maintenance

esbnetworks.ie




Maintenance Orders —

ESBN
Network Assets

ESBN Project
Delivery




Types of Maintenance i

Routine Corrective Protection Statutory
Maintenance Maintenance Maintenance Maintenance
q Pressure
Operational Follow-On .
— ; — Relay Testing — Vessel
Tests Correctives Inspections
Ordinary | Hotspot | Firmware |
Services Repairs updates BT TS
| Condition | Insulator
Assessments Replacement
ESBN HV STATIONS
| Cable | Pole
Inspections Replacements _
— Climb Patrols — Timber Cutting _

92 esbnetwo




Outage Duration

NETWORKS

TRANSFORMER - KNOCKANURE T2101

TO-21-KNR-T2101-01 1SO week: 14th - 16fr  Date: 08 Apr - 23 Apr  Duration: 16 Days (12 WD) Status: Proposed

WORK LOCATION WORK ID STATUS | DAYS | PRIORITY DESCRIPTION/COMMENTS

N
N

§P2 Protection maintenance of 7SA612, RET670

2 2 2 Protection maintenance of 7SA612, RET670,

T R 4 ...... 4 ...... 110|<VG|scUb|c|eord|nary3erv|ce ..............................................................................................
RSSO SRR SO 901129777 ........................... 4 ....... ........... 4220kVG|s(:ub|c|eOrd|naryServ|ce ..............................................................................................
901129833 ........ Do ....... 4 ................... 4 ...................................................................................................................................................................................
....... AMCA3901129754|3024
....... AMCA|3901785103D024
CORRECT901125652 ........ Do ....... 2 ................... 4 ........................................................................................................................................................................
............................................................... 901125653[)014

CORRECT

‘Knockanure T2101 220kV Transformer: Minitrans repair

93 esbne




Outage Example (Half Bar Station Outage)

NETWORKS

OHL Works &
Station Works

Operational Test DUNM;F,:/\BHNW
100 CAPY
150V A
.M

N0 kv

BRINMY
2

TSO |7

RAFFEEN

—

10k 36KV A0A5C 38K

Local
Area
Manager

Trafo Operational Test

Trafo Ordinary
Service

T101 - T141 % R T142
20 W 315 Wva /%’ .

D MvA

Sectionliser
Ordinary
Service

esbnetworks




COVID-19

EOF 8 NETWORKS

2m

-

Please Ensure
Social Distancing

[/ A

:ﬂ Energy for
generations
COVID-19 ESB Policy

Controls for tial activities itating
less than 2 meters separation

Updated: 20" January 2021

Introduction

The continuing COVID-19 pandemic requires sustained application of the fundamental infection controls of

95 esbnetwork




Questions?

= — —

Serving all electricity customers

96 esbnetworks.ie




NETWORKS

Distribution Outage Programme
(DOP) 2021

John Whelan
Distribution Outage Programmer, HV Operations, ESB Networks

04/03/2021




T h e D O P NETWORKS

The Distribution Outage Programme (DOP) is a mechanism to capture and
align DSO outages with HV Customer outages.

The following outages are included on the DOP:

« Outages of HV Customer plant (where ESBN operators are needed to
create PoDs).

« All DSO/TSO outages which force a HV Customer off the system.
« All 110/ 38 kV transformers (for HV planning).
« Selected 110/ MV transformers (for portfolio management).




System Controllers

@ NETWORKS

Voltage

System
Manager

System
Controller

Operator

400 kV TSO NCC NCC / NTs

220 kV TSO NCC NCC / NTs

110 kV TSO/DSO NCC/NDCC | NCC/NDCC/
NTs

38 kV DSO NDCC NDCC / NTs

MV CSS NDCC NDCC / NTs

LV CSS CSS NTs

99
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145 HV DSO Customers

NETWORKS

HV Customer
Types

H Wind B Transport

 Pharmaceutical = Data Centre

H Food H Gas

B Technology B Waste-to-Energy
H Hydro B Textiles

H Cement B Commercial

Connected
Voltages

m110kv m38kV

Export / Import

B Export Only
B Import Only
B Export and Import

100
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Voluntary Outages (VOs) =Y ervons

Outage Request Form
dsooutageprogramme@esb.ie

Networks NEI\‘IM(S Southern Distribution Control Centre
' 110/38KY SYSTEM OUTAGE APFROVAL

Mational Distribution Control Centre bureapfstely bafor Sanching comverneors, SDCT At b comtactid 408 (TR0 10 [O0EE St vwncheng

HY Customer Outage Request Form L [50EC TREF ®0: [5-KI8.0313
From: | Cavindion O Boan | Dare: | BT E]
Operator Available r—— ' — — E— (T
Taudeen vt | W
p Erom: “INSERT YOUR NAME~ T Wd Farms AT Cuastomer T TEEY |5 Pl
Date: <INSERT REQUEST DATE= Tom: [Ta:__[se0as
Custoner Name: | <INSERT WINDFARM/ DEMAND CUST OMER NAME> o T LT S
f ]
HV Station: <INSERT ESB NETWORKSFEEDING HV STATION= o ton
Suhjeciz <$AMPLE - T41 OUTAGE= Seation in Charge: Frudeen [WES:  JT8C
Operators will be appointed b Hand MV
From(time}: | <XXXX- | On(date): | <DDMMYYYY- e Locs
Outage Times:
. i To (Hme}: | XX XX- | On{date}: | ~DDMM/YYYY> [Operates n CBarge: [Fessnes of Fevis Lees
Align ESB Networks Work T L T
1o switch ot the Name [ Mokile R | Faoke
1.=$AMPLE 1T O BE DELETED)-T41 d associated HY Swi [T Soom R |Castoms Operates
2. <SAMPLE 2 (T O BE DELETED) - Al HV equipment insubstation Trephen Farwan T
3. A il B
4 w0
Destiptionof Works: Adver Hoars | SN
<SAMPLE 1(TO BE DELETED} - Repat iy T14: inspection ratienal Switchin TC w0 o 1) i
of associated HV Switchgear= £ handover from A cioriat 1o feman eneTgised Hom N
- =SAMPLE 2 (T O BE DELETED) - Routa rema £V eqpu A romintrush 10 O1C:
HV Planner Checks for Conflicts ||m=m=memmmmmiio o i S
Tanider q
Proofof Disconnertionshallbe given for 242 “"m:' - o e offfoaded per e cusiomer
Name Mobile Email Role 7. Condinm that 1471 cstomes Bumsformer has boes offioaded.
1. <], Bloggs- XXX XXX XXX IXXX@XXY OperatorPICW ASC medificameni:
= = - eraror Tiaten I Nermal I Adjunment I Featon
2.<J,Blogzs XXX KEKXXKX- XXXX@XXX Operatox/PICW A RS V& W&
DOF Reyuired For Plant: | <YES/NG= From: | =J,Blogzs DO Required for:
. N TGF Denails From umber
ortes: T4 T cummoener tamformer Tollowiag Hand MV TS RI5-0098
|S SS u e Pleass inchude s nmach detail as possibloin oxder for the utige requestto be processedwithontdelay. simienamce (ot NDOC Control Rocen maust be
This HV Cu. sent e atleast L4 davsbefus the contacted 10 & DOF)
cutage is due to commerre. ?.‘“J
Allmajor changes 1o the customer’s HY systemmmstbe notified to dsooutaze progranmmei@lesh e atleast S wreeks (T} Castomer contact detals
before the outage is due o commence. Wajor changes o the cus tormer Y s ystermmayinchude
o Wew HV station squipment (e £, trans fomer), (\odificanion Frason:
o Dncreased overhead lins lengths,
+  Conductorupntirg, Approvel [Cacumim U Bram
¢ Overhead lineundergrounlire, Flanner South
H H ¢ IDncrease incable lengths, SOCT Tel  Cork, *31e0012009036  Limenck *3Iw00 1005997
ContrOI ROOI I l SWItChIng Plan +  Hew protection Galway:*31#0214929969  Waserford: *31#0214929987 NDCC: *}#0129177



mailto:dsooutageprogramme@esb.ie

DOP StatiStiCS 2020 NETWORKS

« 218 Outages involving

HV Customers

» 43 Cases of Aligned
Works

Regional Distribution

H Central

® Dublin

u North
South

45

40

35

30

25

20

1

(%]

=
]

o

0

HV Customer Outages

B Customer and ESBN Works Aligned 2020

W Customer Only Cutages 2020

Mar-20  Apr-20 May-20 Jun-20 Jul-20  Aug20  Sep-20  Oct-20 Nov-20 Dec20 Jan-21 Feb-21

102

esbnetworks




Outage Mitigation NETWORIS

Renewed focus in ESB Networks on Outage Mitigation for HV Customers.

* Reducing / standardising outage times.

« Keeping HV Customers online as demand customers.
« Limited export capability.

* Network changes to eliminate outage requirements.

esbnetworl



Questions?

NETWORKS
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EDIL Reason Code Review

Over the course of 2020 a review was conducted on
availability declaration codes being used by generators
in EDIL

Noticed that incorrect codes were frequently being
submitted leading to a large amount of post processing
to find accurate stats

Annual outage statistics are generated from EDIL which
uses generator input declarations to calculate

These statistics feed into capacity market so need to be
accurate

EIRGRID
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Results of Review

Following review it was proposed to reduce the number of
codes in use

After consultation with industry it was determined that eight
codes were sufficient to cover every outage scenario

These codes were circulated in an updated guideline
document in October 2020 and took effect from 1
November 2020

Only the circulated eight codes should be used by any
generator when making availability declarations in EDIL —
guideline document will be circulated again following Forum

EIRGRID

107



Questions?

——

EIRGRID
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Objective

Explain the change in System States
Describe the system state conditions
Explain Generator Required Response
Explain DSUs Required Response

Discussion on Wind Farm expected
response Iin the future

EIRGRID
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Change in System States

European Network Codes Requirement
Power System States are jurisdictional

NORMAL

AMBER 1
ALERT( AMBER)
AMBER 2

EMERGENCY
(RED)

BLACKOUT

BLUE

EIRGRID
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Normal State

Voltage and power flows are within limits-
base case secure

Frequency is within normal range
N-1 secure for active and reactive power

N-1 secure after operation of a RAS/SPS
scheme

EIRGRID
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Alert State

Base case secure and

Frequency meets the following criteria and the absolute value
of the steady state system frequency deviation from nominal
has continuously exceeded:

500 mHz for a time period longer than one minute; or
=+ 200 mHz for a time period longer than 15 minutes; or
=+ 250 mHz for a time period longer than 10 minutes; or

N-1 breaches security limits

Multiple contingencies are probable because of adverse
weather; or
The All-Island reserve capacity is reduced by more than 20%

for longer than 30 minutes and there are no meansto
compensate for that reduction in real-time system operation.

EIRGRID
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Alert State

The jurisdictional margin is such as the tripping of the largest set, would give rise to a
reasonable possibility of failure to meet the System Demand using the following formula
as a guideline:

LSI> MAR
Where:
LSI = largest MW infeed to jurisdiction

MAR = [GEN + WIND/PV +/- ICF] - DEMAND + TLS

GEN = Readily available generation

WIND/PV = Expected generation from wind and PV

ICF = Flow on the EWIC/Moyle Interconnector

DEMAND = Expected system demand

TLS = Tie Line Support (capped by TTC), and is defined as follows

TLS = min (TTC, +/-TL + ATLS)

where
TL = Tie Line flow
ATLS = Additional Tie Line Support = surplus margin in the other jurisdiction
TTC = Total Transfer Capability (in the relevant direction)

EIRGRID
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Emergency State (Red)

There is at least one violation (base case) of voltage limits, short-circuit current limits, or
current limits in terms of thermal rating; or

Frequency does not meet the criteria for the normal state or alert state definitions; or

Any of the following system defence plan measures are activated,;

activation of UF load shedding where frequency does not recover within +/- 500mHz less than 1
minute; or

widespread (multiple station) UV load shedding; or
activation of manual demand disconnection; or
activation of system separation protection.

There is a failure in the functioning of;
EMS / SCADA or

Phones (Corporate and Optel / Tetra) resulting in the unavailability of those tools, means and
facilities for longer than 30 minutes.

The "RED ALERT" signal should also be initiated by NCC or CHCC when it is likely/
imminent that in the period immediately ahead (i.e. in the next four(4) hours) there is a high
risk of failing to meet System Demand.
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Blackout State (Blue)

Loss of more than 50% of demand In the
concerned TSQO's control area:

Total absence of voltage for at least three
minutes in the concerned TSO's control area,
leading to the triggering of restoration plans.

Restoration Plan has been activated.
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Generator Response on Alert state

Management to be notified.

Fax machine/e-mail/EDIL to be monitored

Any routine operations with an associated element of risk to cease.
On-load testing of relays, protection or other equipment to cease.
All work on or near plant or controls or auxiliaries to cease.

Any unauthorised minor maintenance being done on non-running but available plant to be
finished and plant cleared for running.

Review readiness to maximise.

Operators to be on the alert for a system emergency.

Operators to ensure that the generating units MW and Mvar declarations are attainable.
Do not perform any fuel changeovers unless instructed to do so by NCC/CHCC

Hydro stations should take whatever actions are necessary to increase capacity over the
peak. Actual output should be agreed with NCC/CHCC based on making best use of each
hydro station during the alert.

Stations to reduce house load between 17:00 and 19:00.
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Generator Response on Emergency State
(Red)

Amber Alert actions completed.

Prepare to immediately implement MW dispatch
iInstruction from NCC/CHCC.

Prepare to immediately implement reactive power
Instruction from NCC/CHCC.

Prepare to initiate run up if not currently on load.

Station staff should inform NCC/CHCC as to the
length of time gas turbines can maintain peaking
load.
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DSU Response on Alert State

Shift Manager to be notified.

Fax machine/e-mail/EDIL to be monitored for further NCC/CHCC
instructions.

Any routine operations with an associated element of risk to cease.
Any testing to cease.

Any minor maintenance being done to be finished and DSU prepared to
normal operation.

Be ready to receive instruction via EDIL (or secondary communication
channel) if requested.

Operators to be on the alert for a system emergency.

Operators to ensure that the Availability (and Generation Achieved) MW
declarations are attainable and maximise their availability.

Issue notification to all Individual Demand Sites (IDS) about possible
Demand Response event
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DSU Response on Emergency State (Red)

Immediately implement Amber Alert responses.

Once DSU recelves instruction from NCC/CHCC,
Immediately instruct all IDS to delivery Energy
Reduction to the last declared availability MW
declaration.

DSU Operator to prepare for possible mains loss to
ensure continuous operation of their Control Centre.
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Wind/PV Farms Response to System
States

Possible Responses could be

Stop any testing/ RTU work etc.

Be available via phone for instruction
Ensure Wind/PV Farm can respond to WDT
Don’t call the control room

Consider stopping all maintenance(any radials)
and be available for MW/MVAR

Suggestions?
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Questions?

——
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~Eorecast

James Ryan
4th March 2021
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Background and Time Horizon of Existing Tools
Look-ahead Security Assessment Tool (LSAT)
Voltage Trajectory Tool (VTT)

Ramping Margin Tool (RMT)

Ramp Uncertainty Forecast
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One of the last set of deliverables from DS3 Programme

PERFORMANCE
MONITORING

RENEWABLE DATA
VOLTAGE FREQUENCY

Changes in System Policies
which leads to increases in
renewables

SYSTEM
SERVICES

GRID CODE ROCOF

Change in System Performance
which is incentivised by System
Services

CENTRE TOOLS System Tools enabling
operational change in the
STUDIES

Control Centres
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Control Centre Tools
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Models system behaviour in response to

>

= =t U contingency events e.g
LSAT o o AN\ 1 * Frequency traces
iR e = e steady state voltages
= ~ e Control room roll out Dec 2020
=" = S ) * Enabled starting of 70% SNSP Trial
Current
Operating
Pl?n
A
Immediate Past r \
| LT L LT T LT T T T
| S~
-5 mins Now : . Day+1
60*30min Trade periods

(e.g 14:30, Day-ahead
just published)
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Optimises reactive power setpoints over a horizon
Expected control room roll out end of 2021
Enabler of trials beyond 75% SNSP

Two Step Process

(e [ | o [ o T T 1. Solve Optimal Power Flow for each trade period

2. Limit the differences from one trade period to
the next e.g. limit number of voltage set point
instructions to be issued per time period

Immediate Past

| 01D T T
| | >

-5 mins Now
(e.g 14:30, Day-ahead
just published)

Day+1
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RAMPING MONITOR EIRGRID
GROUP

* Interim ramping margin tool go live Sept. 2020
* Enduring RMT go-live Q3 2021
* Enabled start of 70% SNSP

§

ami [ rome | wme ][ wed | (Remprosion | ovagn [ vescorms |

Two main functions

1. Submit Requirement into Balancing Market

2. Monitor ramping margin of real-time values
and market schedules

Immediate Past

| MO

I I

-5 mins Now Day+1
(e.g 14:30, Day-ahead
just published)
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Ramping Margin Tool (RMT) GUa s Summarsy

- e B O S e o A —_ A —mronra
400

= Ramping capability is increased MW output a unit is
contracted to provide and maintain within defined
period- 1,3 or 8 hours

= RMT and the 3 new ramping margin reserve services
to help manage imbalance risks over 1,3,8 hours

= QOriginally communicated formula for calculating the
reserve requirements:

Ramping Reserve Volume Requirement, =
Largest Single Energy Source, + 1%Load Forecast, +
Largest of fline reserve resource;

max fn(Wind Forecast;)

» Scaling reserves based on historical properties of
the power forecast resulted in large requirement

= RMT uses novel forecast that characterises
current weather uncertainty.

‘

EIRGRID / SONI 130



Ramp Uncertar‘ntx\ Forecast

| ‘ Rt 4
| Accountlngfor known: unknowns ‘ .@\/\ 4

.“,~
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Ireland’s location Wind farm clusters
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12th October 2018 -Received forecast
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12th October 2018 -Vendor’s Ensemble

3500

6am 9am 12 pm 3pm 6 pm 9 pm 12 am 3am 6am 9am 12 pm

EIRGRID / SONI



4.5 155 las 2L

LL.S 125 135

4-5 58 47 7-B B9 9-13 1Q.5

4

10E 15E 20E

SE

135

EIRGRID / SONI



Largest® 3 hour ramp at 8 am

Simplified

Potential
Fhadgetiofroduction
— Wai)éteobg able to

\ deal with at 8 am

\
AR RN
\

\

6 am 9am 12 pm 3 pm 6 pm 9 pm 12 am 3am 6am 9am 12 pm

= Production Forecast * With probability exceeding agreed threshold
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= Production Forecast
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137

12 pm



3500

2500 |

2000 ¢

1500 }

1000 }

Largest® 3 hour ramp at 9 am
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Largest® 3 hour ramp at 10 am
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Largest™

3 hour ramp at 11 am
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Largest™ 3 hour ramp, all trade periods
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= Production Forecast — 3 hourramp
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Largest™ 3 hour ramp, all trade periods

500
) * |
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= Production Forecast — 3 hourramp
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Ramp forecast in each trade period

6 am 9am 12 pm 3 pm

= Production Forecast

6 pm 9 pm 12 am

3 hour difference
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Ramp forecast time series

6am 9am 12 pm 3 pm 6 pm 9 pm 12 am 3am 6am 9am 12 pm

= Production Forecast I 3 hour difference = Ramp forecast (RM3)
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Ramp forecast time series

6am 9am 12 pm 3 pm 6 pm 9 pm 12 am 3am 6am 9am 12 pm

= Production Forecast = Ramp forecast (RM3)
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We’re delivering control room tools that help us manage current and future
generation portfolios

LSAT checks that current and future commitment and dispatch schedules are
secure to credible contingency events, insecure schedules can be spotted in
advance and corrected using the scheduling systems

VTT ensures that the voltage pathway from one trade period to the next is
feasible, again providing advanced warning of problematic periods

RMT leverages the three new ramping margin reserve products to manage the
risks imposed by possible forecast errors

The new Ramp-Uncertainty Forecast helps minimise how much reserve is carried

Probabilistic forecasting tools for high-wind penetration areas: an Irish case study, Mohrlen, C. et. al
http://download.weprog.com/wiw2019-60_paper.pdf

Integrating multi-period supply uncertainty management reserves into the Irish balancing market, Ging, J. et. al
https://e-cigre.org/publication/download pdf/cse019-cse-019
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Previous and Current Requirement

Requirement Formula, as originally communicated
Ramping Reserve Volume Requirement;

= Largest Single Energy Source; + 1%Load Forecast;

Largest of fline reserve resource;
fn(Wind Forecast;)

Current Requirement Formula

+max{

Ramping Reserve Volume Requirement; =
Largest Single Energy Source; + ReplacementReserveRequirement; +
MinimumRampUncertainty

0)
1%Load Forecast; + max {RampUncertaintyF orecast;

EIRGRID / SONI
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Difference series — ramp uncertainty
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Plots of Ramping
requirement V’s
Ramping Margin

for each category
of Ramping
Reserve

Calculation options

Latest Data

imported
summary

Monitor Start time period

09-Jul 23:30

_ cale Requirem

~ Auto Run

¥ Manual Run
 Import New Data

v Show Excel

Run Start

Run End

ity File

RAMPING MONITOR

100%

ROI RM1

—RO1_RM1_Capability —FM1_ROI_REQ

ROI RM3

—ROI_RAM3_Capabllity —M3_ROI_REQ

Heat Curves

EIRGRID
GROUP

Heat State

HEE HER ENN

If Ramping margin breaches
the ramping requirement,
the user is alerted:

Red: RM < R_Req
:RM £110% R_Req
Green: RM > 110% R_Req

When the user clicks
on the alert buttons, it
opens a summary
screen, summarising
each time point in the
schedule.
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08:30 for delivery @ 09:30
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Ramping Mo
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HeatCurves || HeatState

ROI RM1

e ROI_RM1_Capabiity
_| cale Requirement

¥ Import New Data

v Show Excel

Run Start

09/07/2
Run End

09/07/2020 23:17:57

ROI RM3
Last Approved LTS ROI RM
——ROIRM3_Capablity —3_ROI_REQ
Latest REQ File
18:00:42

test Availability File

Latest TOD File
09/07/2020 21

[rawson |
L
Fiine|
[ RusN
[rsain]
[ rwiar
| RwsAr
[ oo at

Operating Data File

07/2020 21:29:40

Latest Status File




Total Production of Ramping Resources (MW)
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