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Chair: Eoin Kennedy Ag en d a Part 1
10:00 LiamRyan, EirGrid (10 min)

Industry Presentatiorl ) .
10:10 Noel Cunniffe, Wind Energy Ireland (@)

A Endgame; A zerocarbon electricity plan for Ireland

System Data Summary 10:35 Emma Fagan, EirGridifbn)
Summary of 70% SNSP Trial Outcomes 10:40 Kenneth Conway, EirGrid (10 min)
75% SNSP Studies 10:50 Mostafa Bakhtvar, Ismail Ibrahim, EirGrid (20 min)

DS3 Programme Updates

A DS3 System Services Procurement
A Qualification Trial Process (QTP)

A ControlCentre Tools (CCT)

A Operational Implementation 11:10 Emma Fagan, EoikennedyEirGrid (30min)
A Nodal Controllers
A DS3 Milestone Plan
A FlexTech
Industry Presentatior?
11:40 Peter Harte Statkraft(25 min)

A Statkraft ¢ Topics for Discussion

-_-_--------------IIII-.-.-.-.---.
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Agenda Part 2

12:15 Arijit Bagchi, EirGrid (10 min)

12:25 Eoin KennedygirGrid(10 min)

12:35 Simon Tweed, EirGrid (10 min)
AOB 12:45 All (5 min)

1250 Al Smin

12:55 Eoin Kennedy, EirGr{@ min)
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Previous Actions

TSOs to present to market participants on the TSO has confirmation of a Ramping Margin Tool
Ramping Margin Tool and how the ramping TSOs presentation at the next MOUG
constraints are formulated.
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Endgame

A zeracarbon electricity plan for ‘
i
Ireland & 1

Noel Cunniffe, DS3 Advisory Council

I WIND &85y,
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http://www.windenergyireland.com/

Il ntroduci ngé ey
Endgame - A zero-carbon electricity plan for Ireland > 2 WIND kb

% Baringa
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To Tackle Climate Breskdown
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https://windenergyireland.com/policy/wei-2030-energy-vision
https://www.gov.ie/en/publication/7e05d-programme-for-government-our-shared-future/
https://consult.eirgrid.ie/consultation/industry-consultation-shaping-our-electricity-future
https://www.gov.ie/en/publication/ccb2e0-the-climate-action-plan-2019/
https://windenergyireland.com/images/files/iwea-baringastorerespondsavereport.pdf
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A Less than A Utilising A Unlocking delivery of
2 million Zero carbon 85%
tonnes CQ system services RESE

from 9 mtCQtoday

We show that this target can be achieved abwaer cost to the end consumen
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IRELAND

We further show that a zero -carbon power system is ENERGY
p y AAWIND

possible by 2030 é

A, A zero carbon A Aviable pathway requires A And the

power system is iInvestment in technologies implementation of a
an new to Ireland P
Achievable Long duration € Mankdl /
target in the  storage and green  carbon price
early 2030s  hydrogen floor
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Endgame - A zero-carbon electricity plan for Ireland ‘\W|N IRELAND

Power Sector CLEmission Savings in ROI (2030)

Technology 100% Capacity

Zero carbon system services, allowing 100% SNSP, 0 MW Min Generatid :
~ = ~ A ~ M « PIPN Onshore Wind 8.2 GW
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70 by 30 Less than 2
(3.3 MtCO,) MtCO,
RES-E 70% 85%
PfG Capacity 50% 67%
Residual CO, 3.31Mt 1.62 Mt
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Endgame - A zero-carbon electricity plan for Ireland ‘\W|N IRELAND

Power Sector CLEmission Savings in ROI (2030)

3.5 1 3.31 - - X ) Technology  100% Capacity
Zero carbon system services, allowing 100% SNSP, 0 MW Min Generatid onshore Wind 80 GW
9YR O2yadzySNJ al GAy3Ia 2F 20SNI e my o™ ;

3.0 1 Offshore Wind 5GW

3 Building more renewable capacity reduces,@fissions further, but | S°larPV Sew
§ 23 1 begins to create surplus generation that is curtailed and wasted.
§ 2.0 - /
£
S 1.5 -
S
8 1.0 A
0.5 4

70 by 30 Less than 2 80% of PfG
(3.3 MtCO,) MtCO, Capacities
RES-E 70% 85% 94%
PfG Capacity 50% 67% 80%
Residual CO, 3.31 Mt 1.62 Mt 1.31 Mt
A
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Endgame - A zero-carbon electricity plan for Ireland

Power Sector CLEmission Savings in ROI (2030)

(AWIN

ENERGY
IRELAND

ROI Carbon Emissions {MtCO,)
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neighbours, makes better use of interconnectors.

Technology 100% Capacity

Onshore Wind 8.2 GW
4 Offshore Wind 5GW
Solar PV 5GW

640 MW of storage and 1,290 MW of hydrogen are
considered individually, and when combined can
utilise the wind that would otherwise be curtailed.

|

70 by 30 Less than 2 80% of PfG Same CO, price Long-Duration Green Hydrogen Storage &
(3.3 MtCO,) MtCo, Capacities as non-ETS Storage Hydrogen
. RES-E 70% 85% 94% 94% 97% 89% 90%
PfG Capacity 50% 67% 80% 80% 80% 80% 80%
Residual CO, 3.31 Mt 1.62 Mt 1.31 Mt 0.97 Mt 0.68 Mt 0.48 Mt 0.28 Mt
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Endgame - A zero-carbon electricity plan for Ireland ‘\W|N IRELAND

Power Sector CLEmission Savings in ROI (2030)

3.5 1 3.31 Technology  100% Capacity

Onshore Wind 8.2 GW

3.0 1 Offshore Wind 5GW
- Solar PV 5GW
g 25
s
2 Longduration storage green
% 2.0 - hydrogen, with 100% of the
E Programme for government
§ 15 | targetsand a carbon price floor
£ can achieve aero-carbon power
o] .
5 system in Ireland
= 1.0 A l

0.5

70 by 30 Less than 2 80% of PfG Same CO, price Long-Duration Green Hydrogen Storage & Zero Carbon
(3.3 MtCO,) MtCO, Capacities as non-ETS Storage Hydrogen (100% of PfG)
RES-E 70% 85% 94% 94% 97% 89% 90% 101%
PfG Capacity 50% 67% 80% 80% 80% 80% 80% 100%
Residual CO, 3.31 Mt 1.62 Mt 1.31 Mt 0.97 Mt 0.68 Mt 0.48 Mt 0.28 Mt 0 Mt . o
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Carbon Emissions{MtCO,)

IRELAND

Zero-carbon system services are key to reducing WIND E\rey
>

emissions and integrating renewables

100%

90%

80%

70%

60%

50%

40%

30%

RES-E Proportion of Demand {%)

20%

10%

0%

- 85%

Outturn 70 by 30 (3.3 Mt) Less than 2 Mt Outturn 70 by 30 (3.3 Mt) Less than 2 Mt
2019 2030 2030 2020 2030 2030
® Without DS3 Limits = With DS3 Limits ®m Onshore Wind = Offshore Wind = Solar PV Hydro = Biomass & Waste
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|l n the O6Less than 2

are resolved by zero -carbon solutions

[-SEM Inertia provided by Flywheels and All Generators SNSP of 100% is achieved
40,000 - .
el RoCoF limit of 1 Hz/s
35,000 otal Inertia . 3
——Flywheel Inertia Min Gen (system stability)
30,000 - constraints are relaxed in both ROI
and NI
— 25,000
_%_20 000 \ Local generation constraints
£ (Dublin, South, Moneypoint, North

Inert

West) met by grid reinforcements /

15,000 -
voltage stability assets

10,000

17,500 MWs inertia met by

5,000 - ]
dedicated synchronous condensers
0 fitted with flywheels
T 58 B 8 &8 & 8 3 8 8§ B
S = =R =R B S S =R x §
Hours of the Year A
/\L
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Energy storage and demand -side flexibility enable WIND ElErsy

deployment of Programme for Government RES build A

3,500 - Floxible BV We have modelled ove$
Demand GW of storageanddemand

3,000 - side flexibility capacity in

- Flexible BAU Ireland in our scenarios

Wholesale market response

z

s

g 2,000 - 0.5 hr Battery

S (DS3-only) reduces oversupply

E 1,500 - .. .

3 Zmattervw% Provision of DS3 services
= + .

% 1 000 reduces curtailment

® 3 hr Battery (DS3
+EM)

SOO 1 -
0 _4-— = Pumped Storage

ROI, 2030

A
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670 by-3

400 A m PSO Support ) )

Costs Relaxation of operational

3901 limits due to zerecarbon

Network Costs .

200 A system services removes
S 100 4 plant re-dispatch costs
2 m DS3 Costs
g 0 This is a major
g“lOO E ® Wholesale ContrlbutOI’ tO end
4 Benefits .
§~200 1 consumer savings
5 = €180m+ w CRM Benefits
& -300 1 net saving
b
2 -400 -

DS3 Limits

500 - Benefits

-600 - == Net Consumer

ROI, 2030 Benefit

AAA
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Phase 2:

Zero carbon
power sector
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ENERGY
IRELAND

Storage, Green Hydrogen & Carbon Pricing are key
to achieving a zero -carbon power system

(AWIN

Power Sector CLEmission Savings in ROI (2030)

ROI Carbon Emissions {MtCO,)
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70 by 30
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neighbours, makes better use of interconnectors.
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640 MW of storageand 1,290 MW of

hydrogenare considered individually,
and when combined can utilise the wind
that would otherwise be curtailed.

}

Technology

100% Capacity

Onshore Wind 8.2 GW
Offshore Wind 5GW
Solar PV 5GW

Longduration storage green
hydrogen, with 100% of the
Programme for government
targetsand a carbon price floor
can achieve aero-carbon
power system in Ireland

!

Less than 2

80% of PfG

Same CO, price

Long-Duration

Green Hydrogen

Storage &

Zero Carbon

(3.3 MtCO,) MtCO, Capacities as non-ETS Storage Hydrogen (100% of PfG)
RES-E 70% 85% 94% 94% 97% 89% 90% 101%
PfG Capacity 50% 67% 80% 80% 80% 80% 80% 100%
Residual CO, 3.31 Mt 1.62 Mt 1.31 Mt 0.97 Mt 0.68 Mt 0.48 Mt 0.28 Mt 0 Mt M
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640 MW of 100 -hour storage combined with a | ——
carbon price floor results in a saving of almost 1 MtCO A WIND &ie

1.8 -

We consider 640 MW of 60% efficient leng
duration storageg representative of
technologies such as:

Pumped o
air

Gravitational Novel battery

1.6 -

=
=Y
1

=
a8
1

=
o
1

o
oo

potential compositions

o
o

Carbon Emissions (MtCO,)

Storage flexibly absorbs excess renewable
generation, then displaces géised generation

o
=Y
1

o
%)

Deployed in the right locations it can also
alleviate network constraints

o
o

Less than 2 Mt Long-Duration Storage
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¥+ Baringa



1.3 GW of hydrogen electrolysers combined with a | B
carbon price floor results in a saving of almost 1.1 MtCO \WIND f&ie

Electrolysers produce hydrogen when power
prices are low

Hydrogen is utilised for generation in 900 MW
of retrofitted gasfired power stations in ROI

These are dispatched during peak power prices
displacing ga$ired generation

Carbon Emissions (MtCO,)

Deployed in the right locations it can also
alleviate network constraints

Less than 2 Mt Green Hydrogen

AN
AVAYA
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Technology costs for zero carbon are comparable IERNEELRAC';JE
to the net benefit from impch)e%enh! 0

350 - - 350

300 - - 300

250 - - 250 &
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- g
& 200 - - 200
[w] —
o~ o
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S 150 A - 150 ':..
& 8
Lo o
0
2 100 - L 100 @
o o
= £

50 - L 5o O

0 - 0
Long-Duration Green Storage & Zero Carbon
Storage Hydrogen Hydrogen (100% of PfG)
I Costs, €m = ====-= Phase 1 Cost Neutrality, €m = Costs, € pertonne ASv
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Reducing power sector emissions in Ireland to less than (s WIND E\ersy
2 020

IRELAND

2MtCO,i s very achievable by

A Less than A Through delivery of A Savingend consumers

2 million 85% h@SNI € MY
tonnes CQ  RESE in 2030

from 9 mtCQtoday OSNBRdza |  WTn
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Reducing power sector emissions in Ireland to less than (s WIND E\ersy
2 020

IRELAND

2MtCO,i s very achievable by

A Less than A Through delivery of A Savingend consumers

2 million 85% h@SNI € MY
tonnes CQ  RESE in 2030

from 9 mtCQtoday OSNBRdza |  WTn

The electricity grid must be strengthened over the next ten years with new gr

iInfrastructure, completion of critical projects, delivery of the Celtic and Greenli
Interconnectors and investment in the DS3 programme.

A
AVAY/
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IRELAND

€ and acarlzoe power system is an achievable ENERGY
AAWIND

target in the early 2030s

A, A zero carbon A Aviable pathway requires A And the

power system is Investment in technologies implementation of

an new to Ireland _ a P
Achievable Long duration € Mankdl /
target in the  storage and green  carbon price
early 2030s  hydrogen floor
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http://www.windenergyireland.com/

_ System Data Su»mngary

EnwnaFagan
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All Island 2020 Summary

All Island RES-E of 42% (percentage of demand) was achieved during 2020 with 36% from
wind generation.

At times, wind generation provided up to 89% of All Island demand with the maximum output of
4,232 MW in February 2020.

Average monthly wind generation of 1,560 MW across January to December 2020

The Power System was operated between 25% and 50% SNSP for 39% of the time, and above
50% SNSP for 32% of the time, an increase of 9% from 2019.

In 2020, 1,741 GWh of additional wind energy was generated compared to the same reporting
period in 2019.

Total installed Wind Capacity All Island was 5,576 MW T an increase of 180 MW from 20109.
Total System Demand 36,835 GWh T a reduction of 143 GWh from 2019.
System Peak Demand Level 6,894 MW in December 2020.

NB: Data is based on average quatteurly SCADA data

EIRGRID
GROUP
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All Island 2021 Summary

Average wind generation of 1,546 MW across January to May 2021.

At times, wind generation provided up to 95% of All Island demand with the maximum output of
4,472 MW (15 min average) and 4,489 MW (1 min average) in February 2021.

The Power System was operated between 25% and 50% SNSP for 46% of the time, and above
50% SNSP for 29% of the time.

NB: Data is based on average quatteurly SCADA data

EIRGRID
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Background

System Non-Synchronous Penetration

Non Synchronous Generation + Net Interconnector Imports

X 100

Demand + Net Interconnector Exports

Secure, reliable operation of power system guaranteed
up to a certain SNSP level.

A limit on SNSP———>  wind dispatch down

EIRGRID
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Key Statistics

Trial period: 15 January 2021 1 30 March 2021

Hours above 65% SNSP during trial: 312 hours

Hours above 65% SNSP to end of May: 362 hours

Maximum wind: 4,489 MW (new all-island wind record on 12 Feb)

No recorded difference in system behaviour when SNSP was above 65%

EIRGRID
GROUP



High SNSP Operation

System NorSynchronous Penetration (SNSP)

N " ™M

20
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Poolbeg Reactor Trip

14 February 2021 1 Poolbeg R2002 tripped on overcurrent
Low voltage of 348 kV recorded at Moneypoint

Approximately 250 MW of wind tripped. Approximately 150 MW of data centre load tripped to
UPS

SNSP at the time was 64%
The system remained stable for this significant event at high SNSP

EIRGRID
35 GROUP
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Trial Analysis

Detailed analysis of full trial period

Online WSAT review i 10 cases with both VSAT and TSAT checked
Offline VSAT review i 10 cases with 9 transfers each i 90 transfers
Offline TSAT review i 10 cases with 4 scenarios each 1 40 scenarios
Offline CCT review 1 10 cases with 2 scenarios each i 20 scenarios

No steady state or dynamic issues associated with SNSP up to 70% were detected
70% SNSP became enduring operational policy on 30 March 2021
75% SNSP trial is in progress

EIRGRID
GROUP



' 75% SNSP Stu

Mostafa Bakhtvar and Ismail Ibrahim
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Objectives & Timelines

Objectives:

Identify potential voltage security issues arising from increasing the SNSP limit to 75%.

Identify potential dynamic stability and frequency security issues.

Propose mitigation measures for the observed issues.

Advise the operational policy review committee on increasing SNSP limit to 75%.
Timelines:

October 2020 17 April 2021 EIRGRID
. GROUP



Assumptions
2 Study streams:

75% SNSP
As Is

Min 8 Units
23 GWs inertia floor VDIED (voltage dip
ROCOF 1 Hz/s Induced frequency
Batteries react terequency o] o] drop)
(1/4/2021: 166 MW)
Data Centres react to frequericy o] o] Prudent Assumptions
WECC 1 Wind Farm models O

WECC 2 Wind Farms models o) EIRGRID
39 GROUP



Preparation of snapshots
November 2020

Methodology (October 2020)

Studies
January 2021

Mitigation ( StepBack
March 2022

A

40

Selection of snapshots from the |3
12 months WSAT cases with
SNSP >=60% .

~3000 of the initial snapshots hav
been selected and wind has been
scaled up to give us 75% SNSP.

Machine learning based on data

clustering to reduce the number o
representative study snapshots fre
~3000 to 300 and further to 89.

Based on selection refinements a
with extreme snapshots the final
batch of 137 study snapshots is
compiled.

(D]

\J

stVoltage security studies through VSA]

focusing on:
Divergent contingencies
\oltage issues
RMS dynamic studies using TSAT ar
focusing on:
Frequency/rocof insecurities
Swing margin insecurities
n\NSAT models and security criteria
used as is.
For VDIFD stream generic WECC 2
models used to simulate the effect o
it.

d

[

f

A number of different mitigations
and their combinations is
considered:

1.Data centres (UPS

ddisconnections).

2.Batteries expected to be connect

by the Z'of April 2021.

3. Adjustment to tidine flow.

and 2. or their combination is
insufficient.

EIRGRID
GROUP

Option 3 only as the last resort if 1.
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Snapshots Generation

2019-2020 snapshots filtered to yield ~3

Complex algorithm to generate ~3000 power system snapshots (WSAT) with 75%
SNSP

23 GWs inertia floor (stored kinetic energy) Min 8 gen sets RoCoF 1 Hz/s
Generator Min/Max Reactive power capability etc.

100 1

100

90
80 -

< 70 A

Demand (%)

Demand (%)

60

50 -

40 A *°

30

0 10 20 30 40 50 60 70 80 90 10C
e EIRGRID
0 10 20 30 40 50 60 70 80 90 10C

Wind (%) sOriginal Snapsh oScaled Sapsbols: 75% SNSP GROUP




Final Selection of Snapshots

7000 -

000 - 11 features/attributes for each snapshots

5000 A . . . . .
’ Machine Learning + Engineering Experience

é 4000
'5 - -
§ 3000 1 Selection of 137 representatives from 3000
z snapshots
2000 1
1000 - Cover all operation conditions with respect to
. all 11 attributes (this figure only shows 2)
0 1000 2000 3000 4000 5000
Wind (MW)

B Initial ~3000 snapshots with 75% SNSP A 89 Clusters

4 300 Clusters <> 30 Snapshots added as refinement EIRGRID
4 @ 18 Extreme snapshots added GROUP
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Voltage Security Study-Summary

1 Global Voltage Insecurity
1 Regional Insecurties
i Divergent Local Cases

0 Secure

There are 4 out of 137 cases where the number of
divergent contingencies is significant (more than
100). These are classified as global voltage
insecurities.

There are 4 cases where more than 20 divergent
contingencies is recorded.

A substantial number of cases 129 out of 137 have
no divergent cases or the problem is of a local
nature.

Two regions in the All Island system with high wind
power outputs are the main drivers of the observed
voltage insecurities.

This driver is already known & being managed in
real time operations.

EIRGRID
GROUP
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Active Power (MW)

4000 4

44

Voltage Dip Induced Frequency Deviation
(VDIFD)

4400 -

4200 A

Fault Clearance

3Ph-Gnd fault on

! Liddell_Tamsworth_330kV

\ AP=274 M
) AT=1.069 5
000 025 050 075 100 125 150 175 200
Time (s)

Red trace is what would be a typical WF P response
and the blue trace is reality™.

Low voltage propagation drives the effect of VDIFD.

There will be some MW loss due to VDIFD straight
after the fault (=>ROCOF impact) 1 low voltage will
propagate throughout the affected area, trigger VDIFD
and wind power output might need some time to
recover.

Traditionally active power and frequency have been
studied independently from voltage and reactive

power . With VDI Fdecoauphpgdc imj ¢
not be viable any longer.

** AEMO-Renewable integration study 2020 EI RE RI D
GROUP



Low Voltage Propagation and
VDIFD impact

A three phase fault in the Kerry region
showing the impact of:

The initial active power drop in
every single region using the red
concentric circles (the more
concentric circles the bigger the

impact is). 7
The final active power recovery e .~-/ 5 X
e fi . A :
93% l — /t: e
where the percentage of the :,r_;_-_rix_} = rth\c\‘
- T 4 E or
recovered active power, with e ~ = ——

respect its pre-fault values, is
denoted by orange rectangles for oty
different regions.

Final output wit

J respect to pre-fault
output

West cork”

EIRGRID

45 Note: This is an example of VDIFD impact due to WF model with conservative VDIFD response. GROUP



Transient Stability Studies Setup

Base Case Mitigation
(Both Streams) (Step-Back)

Batteries (Commissioned on Not modelled Modelled with
April 2021) conservative response
UF Data Centres disconnections Disabled Partly enabled (60%)
Wind Farm models with VDIFD Modelled with Modelled with
response conservative conservative response
response (VDIFD stream)

(VDIFD stream)

EIRGRID
46 GROUP



Transient Stability Studies Summary

Number of Insecurel Insecure Total Run
VDIFD A S

Contingencies (CTGs) 836 or 838**
Total CTGs 134 | 99 | 114644
0.12% 0.09% 100.00% ** Number of contingencies per snapsho

o e

"' A small percentage of contingencies will
cause frequency insecuritieblo angle
instabilities.

VDIFD aggravates situation. There are 3
dominant contingency groups causing the e
: majority of insecurities B 220 kV Aghada,Longpoint,
As Is; 3 dominant contingency 1. System separation >50% Baig:gﬁic’)rin?,d;-l?fsaa:s
groups(i)system separation 2. Loss of EWIC

> PSSR — create insecurities when
(INEWIC loss and (iii)Moyle loss 3. Loss of Moyle o VIBITED (& earaeal

Every single insecurity is resolved using some mitigations or a combination of them



Conclusions

Study represents significant step-change in methodology
Novel modelling approach
Uses VDIFD & machine learning
Significant number of cases in limited time period

There are frequency insecurities (similarly to the findings of 70%
SNSP study) but there are mitigation options for all of them.

The number of insecurities increased due to VDIFD impact.

Study was completed in April 2021 and it was recommended to the
Operational Policy Review Committee to move forward with the 75%
SNSP trial

Trial started at end April and is ongoing

EIRGRID
GROUP
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System Service Procurement

Gate 4B

This process is almost complete. We have issued agreements and amendments to agreements
for contract execution on 1 July 2021.

Gate 5

This OJEU notice was published on 16 June 2021. The bidders information session took place on
22 June 2021.

Contract execution is scheduled for 1 October 2021.
System Services Tariff Rates Consultation

Following two notes published to industry previously, a tariff rates consultation launched on 28
May.
Significant uptake of fast acting technologies that benefit from high fast acting scalars and high availability
Review necessary to mitigate against exceeding the Regulatory Authorities' budgetary guideline for DS3.SS

spend (U235M) I n the next tariff year.
EIRGRID
GROUP
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Qualification Trial Process

Both residential trials have successfully demonstrated a range of reserve services from
domestic battery energy storage devices and electric vehicles.

The key learnings from each trial will provide recommendations to inform the roadmap for
residential DSM.

The solar trial in NI is the first solar farm on the island to demonstrate the provision of
reserve services and solar will move to become a proven technology for future system
service procurement gates.

The final learning documents will be available the end of June and will be published as the
final deliverable for WP4 of the EU-SysFlex project.

Communications Trial - Not yet started but we are working to get the trials started as soon
as we can

EIRGRID
GROUP



Remaining Control Centre Tool Projects

Ramping Margin Tool (RMT-E) - Enduring
Software development well advanced with three of four sprints now complete and tested
Go-Live planned for Q3 2021

Voltage Trajectory Tool (VTT)
Detailed functional requirements complete and vendor build underway
System Go-Live planned for Q4 2021

For both RMT and VTT
Hardware design complete, hardware has arrived and will be commissioned in July

Operational Readiness activities underway for the introduction of the new capability into
the Control Rooms

EIRGRID
GROUP
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Operational Implementation

75% SNSP and RoCoF trials are ongoing
Given weather and system conditions trials will extend beyond September

NI Negative Reserve

We are working with the NI windfarms on changing frequency deadband settings to
allow progress on the NI negative reserve trial

EIRGRID
GROUP
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Nodal Controllers

Ireland - Trial was suspended at end of 2020 but is due to restart shortly.

Northern Ireland T Site Acceptance Testing commencing week of 2 August. Work has
also begun on an initial CBA into further rollout of Nodal Controllers at NI cluster

substations

EIRGRID
GROUP
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DS3 Milestone Plag June 2021

29/06/2021

Q1

Q2 1 Q3

e

e R e - - -

Gate 4t Feb 2021 to 01 July 2021

Gate $1 C :tober 2021

QTP September 2019 Trial

CCT- Ramping Interim Workaround
CCT-LSAT

CCT- Ramping Enduring
- - - - ! - -] - - | - - "

CCT-VTT

RoCoF .51Hz/s Trial

Negative
Reserve Trial : : : : I .
: 1 70% SNSP : | :
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RoCoF .51HZ
Physical Changes
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FlexTech

FlexTech initiatives incorporated as part of broader TSO-DSO plans agreed in both
jurisdictions

TSO-DSO governance arrangements established
Plans will be refined over the coming months

Planning to engage with industry on the EirGrid-ESBN joint plan for the period 2022-2026
(CRU incentive)
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Ramping
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Ramping margin requirements 4% Baringa
We have based ramping requirements on published EirGrid examples

Wind Forecast Error

As the capacity of wind generation increases on the system, the
importance of accurate forecasts increases

Similarly, the impact of incorrect forecasting can have a large impact on

system operation

An increased number of wind generators leads to an increased forecast
error possibility for the same power output due to geographical spread

nstalled Wind Generation Capacity

2.1GW 25GW

4 GW

|Wind Generation Forecast

1.5GW 1.5GwW

1.5GW

[97th Percentile Wind Forecast Error

500 MW 650 MW

850 MW

-

EIRGRID

~ —

' sON

N
)
J
J

A Source: EirGrid, May 2018 DS3 Advisory Council

Ramping Reserve Requirements Example

RM1 Ramping Reserve Requirement =
(3,750 x 1%) + max( 450 or 100) + 150 = 37.5 + 450 + 150 = 637.5 MW

RM3 Ramping Reserve Requirement =
(4,250 x 1%) + max( 475 or 450) + 225 = 42.5 + 475 + 225 = 742.5 MW

RM8 Ramping Reserve Requirement =
(5,600 x 1%) + max( 500 or 720) + 400 = 56 + 720 + 400 = 1,176 MW

"
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Ramping margin requirements

%+ Baringa

Conservative assumptions adopted to test ramping requirements in 2025

4 Required RM =

Max (wind forecast error, largest gen 8000
infeed, largest line infeed) +
1% demand + offline resource risk 7000
4 Wind forecast and infeed risk evaluated hourly
6000
A Test model uses conservative assumptions for
wind forecast error and (static) offline risk 5000
=
Offline 100 MW 200 MW 400 MW 3000
X1 (-3 (OCGT/ (1/2 CCGT)  (large CCGT)
risk engine) 2000
Offline 0% 50% 100% 16k
CCGT
capability .

Copyright © Baringa Partners LLP 2020. All rights reserved. This document is subject to contract and contains confidential and proprietary information.

Baringa Confidential

Modelled ramping requirements, 2025

Hours of year

m——=RM] e=—RM3 e=—RM8
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