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Agenda

Introduction & Welcome 10.30  Jon O'Sullivan, Eirgrid (5 mins)

Presentation: NIRIG (10 mins)

Industry Perspective 10.35
Discussion: All (5 mins)
DS3 Programme Status Update Presentation: lan Connaughton, EirGrid (15 mins)
10.50
(including System Services) Discussion: All (10 mins)

Update: John Young, EirGrid (10 mins)
Rate of Change of Frequency
11.15 Update: NIE Networks, ESB Networks (10 mins)

(RoCoF) Discussion: All (15 mins)

SNSP Re-planning 11.50 Presentation: Noel Cunniffe, EirGrid (5 mins)
. Presentation: NIE Networks, ESB Networks (10 mins)
Nodal Controller Project 11.55
Discussion: (10 mins)
. . Presentation: Noel Cunniffe, EirGrid (10 mins)
Ramping Policy 12.15
Discussion: (5 mins)

Lunch & Networking (12.30 — 13.20)
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Agenda

Presentation: Barry O’Connell, EirGrid (10 mins)
Discussion: (15 mins)

Oscillations 13.20

Beyond 2020 - EU-SysFlex Presentation: Noel Cunniffe, EirGrid (10 mins)

13.45 Discussion: (5 mins)

Literature Review

Closing Remarks and Actions 14.00  Jon O'Sullivan, EirGrid (10 mins)

Session Closed / Networking (14:10)
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What is NIRIG?

NIRIG represents the views of the renewable electricity industry in Northern
Ireland, providing a conduit for knowledge exchange, policy development,

support and consensus on best practice between all stakeholders.

Committed to making a positive difference, we promote
responsible development, support good community
engagement and deliver low-cost electricity generation from
sources such as onshore wind, tidal, solar and storage using our

greatest natu ral resources.
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Perspectives on energy strategy NI

1. Existing strategy
2. Proposals for an Energy
Strategy for NI

3. Additional analysis
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NI policy and strategy

Northern Ireland
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A STRATEGI FRAMEWOEK FOR NORTHERYN RELAND
Sectemdat 3010
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UK policy and strategy

|
I ATATUTORY INSTRUMKNER

2001 Ne. 1602
CLIMATE CHANGE
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EU Policy and strategy
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Strategic Energy Framework 2010-2020

4 goals

1. Building competitive markets

2. Ensuring security of supply

3. Enhancing sustainability

4. Developing our energy infrastructure

43 objectives

Goal 1: 9 objectives
Energy Goal 2: 6 objectives
Goal 3: 20 objectives
Goal 4: 8 objectives

2 targets

NIRIG 40%
NORTHERN IRELAND 109, IWEL g\‘renewableUK
Irish Wind Energy Association 4
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SEF - unmet objectives

SEF 20

Work with NIAUR to develop a cost-effective smart metering solution
for Northern Ireland

SEF 24

Consult and if necessary legislate on DETI’s and UR’s statutory duties
so that sustainability is given higher priority

SEF 39

Support construction and commissioning of the new North-South
Interconnector by 2013-2014
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SEF — focus objectives 2018-2020

SEF 3

Promote the longer term integration of the Single Electricity Market
within a British Isles and European wholesale electricity market

SEF 26

Work with developers, planners and those responsible for
environmental consents to ensure that the need for renewable energy
to address the environmental impacts of climate change is recognised,
good quality applications are made and clear, consistent + proportionate
procedures are in place for the consenting of renewable installations

SEF 36

Ensure that electricity grid development plans are future proofed to
facilitate a more decarbonised energy mix beyond 2020

ﬂRlTﬁRIN?RELAND IW E E §renewableUK
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2. Energy Strategy 2050

ENERGY STRATEGY
FOR NORTHERN IRELAND

Now that low-carbon energy is delivering for Northern Ireland, it is important
that we set out a clear pathway for least-cost decarbonisation of the energy
sector up to 2050.

NIRIG

NORTHERN IRELAND
RENEWABLES INDUSTRY GROUP

Low-carbon energy Is
delivering

Pathway for least-cost
decarbonisation of
the energy sector up
to 2050

4 \
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Not overly ambitious

France Commits To Go Carbon Neutral By 2050

August 3, 2017
CARBON NEUTRALITY IN COSTA RICA BY 20217

& CHAFTER 10/ CLIMATE CHAMGE, THE CLEAN DEVELOPMENT MECHANISM (CDM) AMD CARBON CREDITS

Norway moves up zero emissions target to 2030

Jacinda Ardern commits New Zealand to
zero carbon by 2050

UK will legislate net-zero carbon emissions
target, says minister

ERITQRIN?RELAND IWE £ % ;'enewableUK
i
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Renewables already delivering

£ 34/Mmwh

2008 - 2012

84.3%

34.8%

24%

2004 - 2015
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Goals

A more diverse energy Competitive and Low-carbon electricity
mix and increased integrated markets delivers increasing
integration provides deliver more efficient amounts of energy
adequate security of trading and lower needs in line with
supply wholesale electricity domestic and
costs for homes and international climate
businesses change targets

* Security of supply focuses on integration and diversity
* Emphasis on ensuring markets deliver lower wholesale costs
* Electrification a key element of delivering climate change targets

ERITHRERIN??ELAND IWELE g‘renewableUK
Irish W 4
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Pillar 1

+ Confidence in policy direction and cooperation between policy-makers
facilitates strategic, coordinated decision-making, allowing long-term planning
and low financing costs

+ Political leadership provides a coherent message on the importance and value of
decarbonisation

+ Accelerated growth in low-carbon electricity enables decarbonised
electrification of heat and transport

ERlTﬁRIN?RELAND IWELL &\ renewableUK
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Pillar 2

& Dwrenergy system is increaszsingly based on predictable and low cost energy
sources

* A future-proofed energy system and associated infrastructure reduces the
likelihood of crizis interventiona

* Evidence-based decizion-making iz based on rebust and comprehensive data
collection, collation and synthesis

MRlTﬁRIN??ELAND IWEL &\ renewableUK
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Pillar 3

# Councils can attract inward investment and high skilled jobs

* A robust and flexible electricity network enables efficient connection for all
customers

* Investment in skillz drives high-value jobs and feeds the demand from growth
industries.

* Continued expertize in engineering and manufacturing ensures world-leading
innovation

MRlTﬁRI N??ELAND IWELL %\\renewableUK
]
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3. Other analysis

e “.thinkitis prudent to delay Network 25 until DETI targets are clear” (SONI, 2016)

e “convinced that the proposed scheme would make a considerable contribution to
achieving government targets (PAC, 2016)

* “supportive of this proposal as it will contribute to the NI SEF target of 40%” (DETI, 2015)

* “investment case would be difficult to justify given...the lack of legislative backing (given
that Nl is on track to meet targets for renewable electricity consumption)” (NIE)

* “In carrying out our role, we work within the policy framework ...of particular relevance is
the NI Executive-endorsed target to have 40% of electricity consumption...” (NIAUR 2016)

* “Nlisin avery positive position in terms of consented schemes and grid connection
offers in moving towards the 2020 target. It is therefore not imperative that every wind
farm scheme is approved to achieve this target” (Development Control Officer, 2013)

ERlTﬁRIN?RELAND I W Efe &\ renewableUK
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Stepping stones

Where to start?

DCCAE commissioned CEPA analysis on design options to compare the
relative costs of different support schemes and analysed several

scenarios with different RES-E Targets, mix and sensitivities

* Did not quantify costs savings to consumers derived from reduced
electricity prices

* Did not consider battery storage or flexible demand

* Used higher Levelised Cost of Energy (LCOE) assumptions than
currently benchmarked anywhere in Europe

* Used simplified modelling - did not take into account flexibility
provided by interconnection and pumped storage

ﬂRlTﬁRIN?RELAND IW E E §renewableUK
Irish Wind Energy Association “%ﬂ
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Assoclation response

Targets

Fossil Fuels Renewable Energy
No additional renewable electricity 70% of electricity is met with
beyond 2020, so Ireland has 37% of renewables by 2030, primarily by
renewable electricity by 2030 wind and solar power

NIRIG _
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Input assumptions — all-island

.El]El] Fossil Fuel Renewable
All island Number:
- e oo

% RES-E

Total Electricity Demand (TWhy)

Solar Power [MW)
Interconnection (MA)
SMNSP Limit
Min Gen (MW)
Electric Vehicles (nr)
Heat Pumps (nr)

Small Scale Battery Storage (MW)

Large Scale Battery Storage (MW)

NIRIG

NORTHERN IRELAND
RENEWABLES INDUSTRY GROUP

905

700

630,000
(ROI 425.000™)

356,000
{ROI 279,000*)

500

1200
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Modelling approach

Model approach: day-ahead power *3 Baringa

BEB We project spot wholesale electricity prices using our industry-leading pan-European
Ba‘"nﬂ hourly dispatch model, based on economic fundamentals and calibrated for the RAs

What questions does it answer? & What energy gross manging will be ezrned by different generation assets
& what will be the lewvel and valatiliy of future day-ahesd and intra-day and technologies?

poweer prices, and thelr sensitivity to different scenarios and outcormes? «  What will the level of ‘uplift’ be, above short-rum marginal costs?
+  Hiow will assets be dispatched In these Umeframes on an hourdy basis? = How will hourly price “shape’ change ower time?

‘. Key inputs ‘ Maodel engine ‘ Key outpuis
& Srenarlo puts: fuel and carbon prices, 4 Hourhy dispatch, least-cost & Wholessle electricity prices
demand (growth and shape), plant optimization framework wsing the = emeration schedulbes

build, plant retirerment PLEXOS platform & Asget energy revenues and gross
« Detalled pan-EU plant level database: « Dptirlsation of operational margins
Installed capacity, efficlences, operating constralnts Including start costs, ramg & Erlsslons
oocts, aperating constraints rates, hest rates & Dispatch costs
+ Cross-border Interconnector capacity +  palintenance scheduling and & Cross-border flows (Imports § expod
« Detalled howrhy wind and solar profiles unplanned outages
Hlustrative schematic

- — - -

CagyTight D Seviegm Parinare LLF 3247, &l righis ressree]. Thic docsmasrt . oubjess ta contrect snd containe confidandsl ardl pregeissny Inforratdon.
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Headline results

Baringa’s analysis indicates that a 2030 70% all-island RES-E scenario
is cost neutral for end consumers with a ZO%EIEEgOE reduction

4 For the Renewable Energy scenario, our analysis 5 5,000
indicates a net consumer cost of around € 1.5 bn, with 5 4000 -
RES support, constraint costs, network costs and D53 7 300
costs offset by: 3'5 2,000
— Lower wholesale electricity prices, driven by the = 1000

high RES-E deployment, leading to lower end 8
consumer energy costs  -1,000 -
— CRM cost savings, as less conventional thermal new Tﬁn -2,000
build is required S -3,000 -
—Transport and heat savings £ -4.000 -
-E.EI:!J |

4 Qur caleulations show that a modest 20% reduction in RanemableEnergy 20K LCOE raduction
LCOEs, equivalent to reducing the large onshore wind scenario
LCOE to €61/MWHh, for the Renewable Energy

- ) ) B 'Wholssale savings B CRM savings
scenario results in breakeven for the Irish consumers .
W Transport HH‘IMS Heat SaVIngs
B RES support B Constraint costs
m D53 costs B Metwork costs

Cogytight. [ Saiage Parinars LR 3010 &l righix recsresd. Thic docasmast: s-nubdect to conirect snd conialine confidantisl ard progeissny inforraidon, — HE‘[ COMmSUmer CDE'E,. 1ﬂt-ﬂ|



Summary

1. Renewables can go well beyond 40% renewable electricity
* High SNSP and Lower Minimum Generation
* More interconnection & batteries

2. Renewable electricity can also provide renewable heat & transport
e Electrification reduces energy demand
* Enables renewables to access all forms of energy storage

3. A 70% RES-E Scenario by 2030 is:
* Technically possible
* Cost-neutral for the consumer with conservative price forecasts

4. Policy support required to deliver cost-neutral 70% RES-E by 20307

ERITQR‘IN??ELAND IWELL S ‘renewableUK
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Considerations

1. Assumptions have been based on existing information and
scenarios, but need NI-specific research

2. What will the Clean Energy gap be, and what will fill it?
3. How do we address the potential for divergence?

4. Need to work with stakeholders to analyse in depth, once
full technical report published

NIRIG

grenewableUK
TR LuiEs

WMM Associa



Thank you

Meabh Cormacain
Ni-rig@ni-rig.org
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DS3

The publication of the DS3 System Services Market Ruleset consultation. 15t of March

The publication of the Volume Capped procurement process consultation. 28t of March

The procurement of DS3 System Services Volume Uncapped Phase 2 Contracts for FFR. 5t of April

The power system moved to permanent system operation at 65% SNSP. 9th of April
A DS3 System Services Volume Uncapped Phase 2 Contracts Bidders conference. 18t of April
A DS3 System Services Volume Capped Consultation Industry Forum. 25t of April

EIRGRID SDNI



Key Operational Milestones

SNSP 60% -> 65% 65% -> 70% 70% -> 75% 75%
RoCoF 0.5 Hz/s 0.5 -> 1 Hz/s 1 Hz/s 1 Hz/s
s 23,000 MW.s 20,000 MW.s 17,500 MW.s 17,500 MW.s
Min Sets 8 8 7 7

300 -> 500 MW 500 MW 500 MW 500 MW
Exports (interim) (interim) (interim -> (enduring)

enduring)

C iders,
SySt?m 1f rsrsrn\;[icpégw o 14 Services
Services

EIRGRID ' SONI



Inertia Floor 2017 Analysis

System inertia floor was increased
from 20,000 MWs to 23,000 MWs in
November 2017 prior to the beginning
of the 65% SNSP trial

Inertia never reached 23,000 MWs in
normal operation in 2017 due to 0.5
Hz/s RoCoF constraint and 8 minimum
generation units online constraint

Updated policy is more reflective of
actual system operation and it is also
acting as an interim mitigation to
system oscillations (discussed later)

EIRGRID ' SONI

Inertia Duration Curves

55,000

= |nertia_Jan_17 - Nov_17

z
=
E 35,000 \‘\\
% ' ‘—“-""‘-&
2 \
& \
25,000 \
\
0% 10% 20% 30% F:l::‘;mage nfS::A.urs . 1h=6::§r 70% 80% 90% 100%
Maximum Inertia 45,750 MWs
Average Inertia 33,131 MWs

Minimum Inertia

22,050 MWs (post-trip event)

% > 23,000 MWs

99.74%




We are here

b4

30 Apr 2018

Procurement 11 Services (Regulated Tariff Arrangements) }Q(Contract Bxecution Changes &

New Contracts

16 March 2018
Publish Market to Physical
\/(;onsultation Paper

Market to Physical ‘4( gz: i';signM;;gztrto Physical
€235V
va‘“ ““'
Procurement 1 Services (Regulated Tariff Arrangements) > 0 Aug 2018 G\‘\de /
A “|Contract Execution /

30 March 2018 OJEU Notice

30 Mlarch 2018 Hnd of June

Volgme Cf"‘pped ublish Volume Capped
Conjsultation Paper -
Decision Paper e

€1‘5‘5M"“ 14 September
- %ntract Principles

-

2
Volume Capped Procurement (Competitive Arranggments) Revised end date 31/5/119 'S
"W P =
17 September

TJ

11 May 2018 et

Volume Ca‘lp.peb" 2018 OJEU Noti

e
18 Jan 2019

C‘qqs.uh‘ét'ion TSO Confirm
18 Jan 2018 st eriod Closed 01 Oct 2018 70% SNSP
65% SNSP Trial Start Op(_eratlonal
A,Complete 3 70% SNSP Trial PO“%
- SNSP Targets e
_‘,.-7’{6 Feb 2018 21 Dec 2018
TSO Confirm 65% SNSH 70% SNSP Trial
Operational Policy Complete




John Young
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RoCoF Status — May 2018

TOTAL (approx. 11,631 MW)
7,331 MW (63%) completeA
Conventional Generation (8,638MW total)

4,954 MW (57%) complete i\ IRE: 4,612/6,811 MW

*  Number of Cat 3 units have moved from study to test phase complete (68%)
*  Progress made with several overdue high-priority units NI: 342/1,827MW
* 17 out of 24 high and mid-priority units compliant complete'(19%)

Wind (2,223 MW total)

) I )
IRE: 1,227/1,266 MW 2,136 MW (96%) comp eteA

complete (97%) * Roll-out near completion in both jurisdictions (full

NI: 909/957 MW update in respective slides)
complete (95%) * Close-out of final MW expected by end of June 2018

Non-Wind Embedded (approx. 770 MW total)
241 MW (31%) complete 4\ IRE: 241/330 MW
* Roll-out in IRE making significant progress ahead of complete (73%)
October 2018 targets NI: Roll-out not yet
* Roll-outin NI targeting Sept 2019 completion started

EIRGRID ' SONI
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= NETWORKS

ESBN Update
DS3 Advisory Council
18/05/18

Padraig Lyons

Future Networks



L8 NETWORKS

ROCOF update




DSO RoCoF Project Wind Breakdown =) NETWORKS

* Sorne Hill (38.9MW) is the final wind farm to be upgraded. ABB has
submitted a technical proposal for a Loss of Mains relay. Currently
under review. Expected installation by end of May 2018.

« Bellacorick (6.45MW): Approval for derogation was granted by CRU on
30t April 2018.

esbnetworks.ie




Non Wind - 1 W NETWORKS

All Non-Wind Generators

« Estimated Total MW Installed
410MW

» Agreed Target 330MW of the total
MW installed completed* by
November 2018

Completed meaning either:

| =NrGeeton

* ROCOF settings changes

« Confirmed as being trickle-feed
and Interface CB trip

Cumulative MW

Cumulative Generation [kKW]

\ « Conformed as being short term
| paralleling [peak lopping]

esbnetworks.ie




Non Wind — 2 How are we doing? =El) NETWORKS

All Non-Wind Generators

450,000
440,000
430,000
420,000
410,000

400,000 Mddttaasanass Y OUN

390,000

380,000 T -

370,000 T ——

360,000 T

350,000 N“’\

340,000

330,000 B AT

320,000 RSN
10,

1

=

240,000 by, N —+—Ideal

20000 — AN =KW Achieved
210,000 S AW —+—Implemented
o k‘\ \\ ~&-=Target

190,000

180,000 N .

170,000 NN

160,000 NS
150,000 NN
140,000 RN
130,000 AN

Cumulative Generation [kW

oooooo

151 146 141 136 131 126 121 116 111 106 101 96 91 86 81 76 71 66 61 56 51 a6 a1 36 31 26 21 16 11 6 1

* Target 330MW
« Completed to date 241MW

 Between completed and committed for June/July shut downs, on track for
295MW

esbnetworks.ie



Non Wind — 3 Risks

=5=

NETWORKS

Cumulative Generation [kW]

450,000

All Non-Wind Generators

440,000

430,000

420,000

410,000

400,000 W

390,000 N

380,000 Miaas SYVON

370,000 T

360,000 T ——.

350,000

340,000

330,000 B

320,000

310,000

300,000

=

290,000 [, === = ==———wn

280000 i T,

270000 e e e

260,000

250,000

240,000

230,000

220,000

210,000

200,000

190,000

180,000

170,000

160,000

150,000

140,000

130,000

120,000

110,000

100,000

90,000

80,000

70,000

60,000

50,000

40,000

30,000

20,000

10,000

o

151 146 141 136 131 126 121 116 111 106 101 96 91 86 81

76 71 66 61

56

51

a6

a1

36

31

26

—+—Ideal

=m-kW Achieved
—+—Implemented
==Target

Brendan McGrath promoted to new position outside Future Networks

Process for replacement underway

esbnetworks.ie
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DS3 — NIE NETWORKS UPDATE

DS3 ADVISORY COUNCIL - 23/05/18




LSG RoCoF Progress Mz i

& Networks

1000

900

800

700

600

500

400

300

200

MW of LSG completed against time

«@=Cumulat
ive MW
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Week Ending

NIE Networks’ RoCoF Project nienetworks.co.uk




LSG RoCoF Progress Mz i

& Networks

To date 95% (909MW) has been changed to new RoCoF setting

Over 1GW of 1Hz/s RoCoF compliant generation (including sites that have
connected since the programme started)

6 LSG sites still to change

1 booked in for next week

2 expected to test before end of May

3 expected to test before end of June

All remaining sites date back to 1990s and require G59 relay changes

All owners are committed to making the changes

NIE Networks’ RoCoF Project nienetworks.co.uk



SSG RoCoF Progress Mz i

& Networks

« Consultation Response and implementation plan options submitted to UR in Feb 18
* Proposed that LoM (RoCoF) amended to 1.0Hz /second (with a 500ms time delay)

* D-Code amendments approved by UR and D-Code Issue 4 published 11 May 2018

« Implementation plan developed and agreed

« 1500 SSG sites in scope

« Current plan is to send letters week beginning 21 May 2018

« SSG changes to be completed by 30 September 2019

« Gb59 approved contractor list established following procurement exercise
« Gb9 contractor technical workshop completed

» Briefing sessions held with interested parties, UFU, NIRIG, RGLG..

* Further briefing sessions will be held with owners of multiple SSG sites

*Currently ¢1500 SSG sites, excluding micro generation
c400MW, excluding micro generation

NIE Networks’ RoCoF Project nienetworks.co.uk



SNSP Re-Plahning

Noel Cunniffe — DS%Aawsor%@puncH

| — — —
— | — — W— =
—

234 May 2018 ===
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Existing SNSP Plan Overview

?5“

Published SNSP Timelines*: 7 . :

65

r
1
TPDAY :

2018 — 70% Trial
2019 — 75% Trial 5

50

60

SNSP %

Dashed line
represents an
SNSP Trial

2015 2016 2017 2018 2019 2020

v

Delays to areas in the DS3 Programme mean a re-plan of the programme is
required out to 2020

Re-planning SNSP is the first step in this process — input from the DS3 Advisory
Council would be appreciated

EIRGRID = SONI i reoroh shows pubished

The current SNSP limit is 65%.



65% to 70% SNSP — What Is heeded?

RoCoF transition to 1Hz/s . Q3 2019

Inertia Floor — 20,000 MWs O Q3 2019
operationatpoicy ||

Ramping Policy Q1 2018

SNSP 70% Policy Q4 2018

Operational Reserves Policy Q3 2018

RoCoF & Inertia Floor Policy Q2 2019

Control Centre Tools

Ramping Tool Q4 2018
Look Ahead WSAT Q1 2019

11 existing services + FFR Q3 2018

EIRGRID SONI
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70% to 75% SNSP — What Is heeded?

Implement OFGS enduring Q3 2018
Inertia Floor — 17,500 MWs Q1 2020
Minimum Units Online — 7 Q3 2019

Operational Policy

Min Sets Policy (Voltage & Inertia) Q2 2019
SNSP 75% Policy Q4 2019
VDIF Policy Q4 2018

Control Centre Tools

SNSP & Inertia Metrics display

Q2 2019
Voltage Trajectory Tool Q2 2019

11 existing services + FFR + DRR + DPFAPR Q3 2019

ﬂ

EIRGRID SONI
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SNSP Re-Plan Overview

Based on estimated delivery
timelines, proposed new SNSP  * |
timelines: ! i
Q4 2019 — 70% SNSP System Trial v
Q1 2020 — 70% SNSP Permanent g -
Q1 2020 — 75% SNSP System Trial .. | represemisansNsP

Q2 2020 — 75% SNSP Permanent !

50 |

-7

SNSP %

Call
2015 2016 2017 2018 2019 2020 2021

Suggestions on proposed SNSP Timeline welcome

Full re-plan of the remaining DS3 Programme deliverables taking place in
Summer 2018
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L8 NETWORKS

Nodal Controller update




ProgreSS -1 W NETWORKS

& Cauteen Nod
Commissi lal Controlyer

Detailed Commissioning procedure written mmistioning Proeiuys

Q — Q control mode
Q — V control mode

V — Q control mode

V — V control mode

Test with Glenough WF (11 MVAr capability)

Cnmmissioning Procedure; Cauteen

R "
eactive Power - Voltage Nodail Controller

Test with Glenough WF and Glencarbry WF (+22 / -
11 MVAr capabilit
pability) ——

Alex Stefanov leading the commissioning work

esbnetworks.ie




ProgreSS -2 W NETWORKS

......

Commissioning and
Testing programme
agreed between ESBN

and EirGrid \

43 &

Operational Protocol
agreed for conduct of
testing

voltage controlier pilot

scheme
Operationa\ protocol for Testing

tareh 45 2012

Cauteen Nodal

Phase 1. ESBN
Testing within agreed
Q envelope with

*  One windfarm
Two windfarms

 All modes

* Phase 2: NCC trial the
device

e Phase 1 commenced
April 2018

esbnetworks.ie




It does exist —really! ....SCADA Screens

To Nedal Controller

Cauteen 110kV Station

57

RTU MW

To Station SLD

o Cauteen 110kV Nodal Controller

=5=

NETWORKS

Area
110kV St | N/A

Automation Status [on |

Nodal Controller Start/Stop

TSO Mode &

Set-Points

NC Mode

Nodal Controller OLTC

{Local) Pushbutton

T141

Nodal Controller

Enable (Local)

Nodal Controller
SCADA Enable

NC Available

T141 NC Enablef

T141 NC Enable

TSO Mode
NC Q WFPS Q

TSO Mode
NC Q WFPS VC

TSO Mode
NC VC WFPS Q

TSO Mode
NC VC WFPS VC

IT142 NC Enable

[T142 NC Enable

Send NC Start
Permit Signal
To TSO

TSO Feedback

TSO Feedback

TSO Feedback

TSO Feedback

Q

0.0 MVAr

0.0 MVAr

115.5kV

115.5 kv

[T144 NC Enable

[T144 NC Enable

1'L‘1
&) REMOTE
T

TSO Setpoint

TSO Setpoint

TSO Setpoint

TSO Setpoint

-4.30 MVAr

0.00 MVAr

27?2727 kvV

0.00 kv

Q WFPS Q
Strobe

Q WFPS VC
Strobe

VC WFPS Q
Strobe

WC WFPS VC
Strobe

a

d

a

a

esbnetworks.ie
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It does exist —really! ....HMI Screens - 1

14:44:31

Analogue
11/04/2018

Trends

Alarms
Summary

Events
Summary

System
Overview

System
Status

r 24

Nodal Controller TSO Interface

— Actual Q Total —

T144
Q: -8.71 MVAr

T141 T142

58

Mode:

REMOTE

114.99 kV
-2.68 MW
-2.48 MVAr

Maintenance
Alarm

MANUAL
41.08 kV

Slot 1
Status:

PF:

Upper Bound
OV Limit

OV Alarm

UV Alarm

UV Limit
Lower Bound
Thermal Limit
OC Limit

OC Alarm

Maintenance Alarm

Glenough

V Q PF

0.00 MVAr
0.00 MVAr
28 A
40.99 kV
1.84 MW
0.00 MVAr
-1.00 cos(¢)

53 A
4 TAP

Glencarbry

V Q FPF

0.00 MVAr
0.00 MVAr
20A
40.73 kV
1.38 MW
0.06 MVAr
-1.00 cos(¢)

oV
ocC

Garracummer

V Q PF

0.00 MVAr
0.00 MVAr
0A

0.00 kV
0.00 MW
0.00 MVAr
-1.00 cos(¢)

115.28 kV
-3.41 MW
-4.68 MVAr
MANUAL

40.71 kV
83 A
3 TAP

0.00 MVAr
0.00 MVAr
0A

0.02 kv
-0.02 MW
0.02 MVAr

0.00 cos(¢)

114.68 kV
-3.00 MW
-1.55 MVAr
MANUAL

39.34 kV
53 A
2 TAP

Q PF

0.00 MVAr
0.00 MVAr
0A
0.00 kV
0.00 MW
0.00 MVAr
0.00 cos(¢)

— Total Capability —

-8.71 MVAr

Q Import:
Q Export:
MODE Setpoint

-8.71 MVAr

QaQ 0.00 MVAr
va 115.50 kV (

Qv
vV

0.00 MVAr
0.00 MVAr
0A
0.00 kV
0.00 MW
0.00 MVAr
0.00 cos(¢)

0.00 MVAr
115.50 kV

0.00 MVAr
0.00 MVAr
0A
0.00 kv
0.00 MW
0.00 MVAr
0.00 cos(¢)

(

0.00 MVA )

0.00 MVA )

0.00 MVAr
0.00 MVAr
0A
0.00 kV
0.00 MW
0.00 MVAr
0.00 cos(¢)

esbnetworks.ie




It does exist —really! ....HMI Screens - 2 LX) NETWORKS

System System Analogue 14:47:36
Overview Status Trends 1110422018 System System Alams Event Analogue
Overview Status Summary Summary Trends

WEFPS
Local / Remote VO Communications *  Breaker Status enance Alarm
Automation Status RTU Communications
WEPS: Glenough

Local / Remote VO Communications ©  Breaker Status Maintenance Alarm

MODE STROBE Desired Value Actual Value Bump-less Transfer Value
Automation Status RTU Communications

MEC 0 Node Number: WEPS Siope: Default Q

Min Q Cap: Conductor: Default Mode: Default PF:

Include: 1 Transformer. Default V- Qimpo

Q Export
Power 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Qimport

Mode Request Fail WFPS Cauteen

QExport V Loop Fail Upper Bound Upper Bound
QLoop Fall OV Limit oV Limit
PF Loop Fai OV Alam OV Alam
V in Operation Mismalch UV Alarm UV Alarm

Qn Operation Mismatch v Limit UV Limit

n Mismatch Lower Bound Lower Bound

V Strobe Efror Thesmal Limit Thermal Limit

Q Strobe Error OC Limit OC Lim#t

PF Strobe Error OC Alarm OC Aam

59 esbnetworks.ie



Where are we now? Y] NETWORKS

Many technical issues encountered and now resolved

Progress slower than expected due to:

» Lack of wind
« Control Room resource challenges

* Time taken to resolve technical issues

But..
* Good that technical issues were exposed and resolved

* We believe [fingers crossed] there should be no more technical
Issues

 Renewed effort to complete phase 1 in coming weeks

esbnetworks.ie
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Questions?
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' \orirern ireland
A Electricity
Y Networks

Mz

NIE NETWORKS’ NODAL
CONTROLLER PROJECT

DS3 Advisory Council -23/05/18




What is the Northern Ireland Nodal Controller //.'ﬁ";?:;”,-’éifijf

& Networks

« Controller which regulates the reactive
power of downstream generators to
deliver a constant:

110kV Cluster
Substation

e Power Factor

« Reactive Power; or T’E‘(’:‘S“';i“:"" N Distribution
ontrol & b :
+ Voltage o : Control Centre

set point at an upstream node.

* Required to:

Nodal
Controller

 Ensure stable operation (no
hunting from occurring).

 Protect the distribution and
transmission system from
voltage and thermal violations.

« Enable consistent Principles of
Access to be applied.

« Ensure efficient use of the
system i.e. reduced OLTC

operations.

NIE Networks’ Nodal Controller nienetworks.co.uk



NIE Networks Nodal Controller Strategy //.'E";”;Z’::-",-’;ifijf

& Networks

* Phase 1: Nodal Controller Trial at Magherakeel Nodal Controller Theoretical Capacity
cluster substation.

B Phase 1 - Magherakeel

*  Phase 2: If Phase 1 is successful, roll out of
Nodal Controllers at other cluster substations.
Subject to a positive CBA outcome for each

B Phase 2 - Other Clusters

site.
1 Integration into SCADA system Q2 2018
Algorithm Development Q2 2018
Trial Live Q3 2018
Decision on Nodal Controller success Q3 2019
2 Begin project to roll out Nodal Controllers at remaining cluster Q3 2019

substations. Will require decision on funding mechanism.

NIE Networks’ Nodal Controller nienetworks.co.uk




. Northern Ireland
& Electricity
' Networks

QUESTIONS?

NIE Networks’ RoCoF Project nienetworks.co.uk
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Ramping Policy
_Noel Cunniffe —DS_SKdvmor%‘?eg-ounC”

=
=

- - = 4

231 May 2018
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Ramping Concept

6000

5000 /N

\ //\/ \
NS

3000 —Demand

iy
o
o
o

2000

Demand / Wind (MW)

1000

00:00 06:00 12:00 18:00 00:00
Time of Day

EIRGRID ' SONI



Ramping Concept

Demand / Wind (MW)

6000

5000

S~ N\

4000 \k /_/

3000

N
o
o
o

1000

\/ \\/

00:00

06:00 12:00 18:00 00:00

Time of Day

—Demand
—Wind
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Ramping Concept

6000
5000 /\//\\
§ 4000 AN /
< k/_/
=
E 3000 === —Demand
'c% —Wind
qE) 2000 Net Demand
(=)
1000 _/ \
0
00:00 06:00 12:00 18:00 00:00
Time of Day
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Ramping Concept

Demand / Wind (MW)

6000

5000

/
/N//

N

3000

4000 AN
N_|

N
o
o
o

1000

00:00

06:00 12:00 18
Time of Day

:00 00:00

—Demand
—Wind
Net Demand
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System Ramping Terminology

5 ]

B RM3 Require

L)

o

8 4

£

Q

(]

2

2 —— 3hr Duty

£ S

Q

]

2 3

v A 4
2 T T T T T T 1
T+18 T+19 T+20 T+21 T+22 T+23 T+24 T+25

(M Expected Net-Demand

EIRGRID ' SONI



System Ramping Terminology

Total 3hr Capability

=
1

System Net-Demand (GW)

|

T T T T T T 1
T+18 T+19 T+20 T+21 T+22 T+23 T+24 T+25

(M Expected Net-Demand (M Upper Confidence Bound

EIRGRID ' SONI )




System Ramping

erminology

Margin
i I
Residual Capability

g RM3 Requirement
g -
E . - ’_* Total 3hr Capability
4]
aQ
2 Ramp Duty 3hr Duty
g
> 3 -
«n ¥y

2 T T T T I I 1

T+18 T+19 T+20 T+21 T+22 T+23 T+24 T+25

Expected Net-Demand

EIRGRID

SONI



System Ramping

System Net-Demand (GW)

erminology

Residual Capability

|

( Margin

A

—

RM3 Reqa-i?ement

Ramp Duty

3hr Duty

T+18

T+19 T+20 T+21

Expected Net-Demand

EIRGRID

T+22 T+23 T+24

SONI

T+25



System Ramping Terminology

] Margin
5 - )
. - >
Residual Capability | 2 1+
— .5
=2 © € .
o 3 aEa Uncertainty =
E: Y @ -y RM3 Requirement
° 4 - £ =
g ) 5
2 g g
) oge
Capability to meet dut o I

2 P y y = © 3hr Duty
£ o
2 l T
> 3 -
& |} {

2 T T T T T T 1

T+18 T+19 T+20 T+21 T+22 T+23 T+24 T+25

Expected Net-Demand Upper Confidence Bound

EIRGRID ' SONI



System Ramping Terminology

5 |
A
Margin I t

5 T 1 § Uncertainty =
2 Residual Capability = £ ncertainty =
2 Y = @ L RM3 Requirement
S 4 0 R
£ © S
[T} Qo o
a 8 o
] oge
© Capability to meet dut i
Z P y y < c | 3hr Duty
£ ™ °
8 © [
2 3 ©
v A / y = l

2 T T T T T T 1

T+18 T+19 T+20 T+21 T+22 T+23 T+24 T+25

Expected Net-Demand Upper Confidence Bound
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Ramping Concept

Variability Forecast Error

« Demand * Demand
* Wind * Wind

* Interconnector * Interconnector
 Disp Generation  Disp Generation

EIRGRID ' SONI



Ramping Concept

Forecast Error

_ * Demand
Ramping Duty « Wind

* Interconnector
» Disp Generation

EIRGRID ' SONI



Ramping Concept

Uncertainty
Ramping Duty (Ramping

Reserve)

EIRGRID ' SONI



DS3 — Ramping Requirement Study (2011)

Average Ramp Up Requirement (Total)

1,600

| m2010- FullYear (Jan-Dec)
W 2020 - Base Case

1,400 -

1,200

1,000

MW

800

600

400 -

200 -

1hr 2hr 3hr 4 hr 8hr 12 hr

P e ” < P e <y,
{ ! ,”/
y g



DS3 — Ramping Requirement Study (2011)

1 Hour Ramping Requirement Duration Curve

=
(@))]
o
o

e

R 2000
600 \\ —2010

200 \\
N\

Ramping Requirement (MW)
Iy
o
o
o

0% 20% 40% 60% 80% 100%

Percentage of Hours in the Year
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Basis for Ramping Reserve Requirement

Ramping Reserve Requirement needs to account for:

Load Forecast Risk

Production Schedule Risk
Loss of Largest Single Infeed
Wind Forecast Error

Reserve Supply Risk

EIRGRID ' SONI



Basis for Ramping Reserve Requirement

Primary Operating Reserve Requirment
= 75% Largest Single Infeed

Ramping Reserve Requirmentt
= 1% Load Forecast;

+ max( Largest Single Infeed,or fn(Wind Forecast;)
+ Largest of fline reserve resource;

EIRGRID ' SONI



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

Installed Wind Generation Capacity 2.1 GW 2.5 GW 4 GW
Wind Generation Forecast 1.5 GW 1.5 GW 1.5 GW
97th Percentile Wind Forecast Error 500 MW 650 MW 850 MW

EIRGRID ' SONI



Ramping Reserve Requirements Example

System Demand (MW)

3,500

3,750

4,250

5,600

Largest Single Infeed (MW)

450

475

500

97th Percentile Wind Forecast Error (MW)

450

100

450

720

Largest Offline Reserve Resource (MW)

150

225

400

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

EIRGRID ' SONI




Conclusions & Next Steps

Ramping capability on the system is a function of:
Scheduling process: foresight, operational constraints
Demand and wind forecasts

Ramping risk will soon be dominated by average wind forecast error
Improved forecasting techniques, use of real-time error estimation help

However — growth of largest ramp unavoidable

Negative ramping margins probable without dedicated ramping products

EIRGRID ' SONI



Conclusions & Next Steps
Define Ramping Policy

Scope, Develop and Procure Ramping Tool for integration into
Control Centre

Trial Ramping Tool in Control Centre and train operators

EIRGRID ' SONI



Lunch

12:40—=13:20

EIRGRID ' SONI




Barry O’Connell
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Overview

System Events

Response to Events
Phasor Monitoring System
Operational Protocol

Current Analysis
Plant tuning
System damping

Future Work

EIRGRID ' SONI



2014 Oscillation Event

Date: 26/12/2014 22:38
Details:

Duration: 7mins approx.
Max Pk-Pk Amplitude: 484 mHz
Frequency/Mode: 0.06 Hz




2015 Oscillation Event

Date: 24/11/2015 14:36

Details:
Duration: 2mins approx.
Max Pk-Pk Amplitude: 100 mHz
Frequency/Mode: 0.06 Hz




2017 Oscillation Event

Date: 08/01/2017 21:10-21:20
Details:

Max Pk-Pk Amplitude:
Frequency/Mode:

08/0172017 2122000




2018 Oscillation Event

MNCC and CHCC Frequency 01042018 08:35:00
o015 ' ' '
5010

o005
S0-00

{ép‘éﬂi”,f.-h" WPV D8 AT I
s k|

49.90
49.85

49 80
= 4E-T5 = = x = x = = =
a: 3030 8:31:00 8:31:30 &8:32:00 83230 3:33:00 8:33:30 3:34:00 8:34:30
Frequency NCC - Frequency CHCC

EIRGRID ' SONI




PMU Device and Locations

2/2 HVDC Interconnectors r

14/15 Gas CCGTs :_'a/

5/9 Coal Units = <70

3/4 IE-NI Tie Lines -

3/8 Priority Dispatch Units ey L

2/17 GT/Peaking Units ﬁ [A ™)
4/36  TSO connected windfarms =~ === T*=" .« | - %
2/4 Pumped Storage Units 5.8 >
0/15  Hydro Units [t - ¢ "

Installed at larger gen units first and areas where comms was
readily available

Devices installed on ~ 85% of remaining units

EIRGRID ' SONI



Pl System

® Pic 3 ok x Y @ PIC

Interconnector & Tie-Line Overview

50,0 'EMI Frequency (green). Frequency Oscilation Mode Magnitude (olue)

5008
50.07
5008/
50.05
5004
50.03
50.02

50.01

13:01:30 13:02:00 13:02:30 13:03:00 13:03:30

13:04:00

Net Interconnector Flows

36.00 0.00

32.87 5.00

Net IE-GB Flow
-25.20 MW 19.42 MVAr

Pasitive MW: Imparting from GB

Exporting

2833 -10.00

26.00 -15.00

22.87 -20.00

18.33 25 00

'
16.00 -30.00

13:02:00

-6.00 -25.0¢

-9.33 -30.00

Portan 400 kV T4301
-50.99 MW  -21.87 MVAr

Positive MW: Imparting from GB
39353 kVL-L 437"

-12.87 -35.00

-16.00 -40.00
-18.33 45.00
-22.87 -50.00

-28.00 -55.00

13:02:00

13:03:00

o Portan 400 kV T4301

12:02:00

Letterkenny - Strabane 110 kV'

14.00 3.00
14,90 3.25
-15.80 -3.50
-18.70 3.75
17.60 -4.00
18.50 4.25
-19.40 450!
20.30 475
21.20 5.00
2210 5.25
23.00 550

Letterkenny - Strabane 110 kV
368 MW  -17.10 MVAr

Positive MW: IE <= NI
11501 kVL-L -558°

24/01/2017 13:01:17

13:03:00

13:04:30

24/01/2017 12:06:17
® 5003
Hz
847
mHz

13:05-00 13:05:30 13:06-00

24/01/2017 13:08:17
®.2583
MW
7 20.89
MVAr

13:04:00 13:05:00 13:06:00

24/01/2017 13:08:17
®51.18
MW
©-20.87
MVAr

13:04:00 13:05:00 13:06:00°

24/01/2017 13:06:17

13:04:00 13:05:00 13:06:00°

-«

14.00 50 02
1225 5001
10.50 50.00¢
8.75 40.00
7.00 40.08
525 48 87
3.50 40.06
1.75 40.85

0.00 40.04

13:01:30 13:02:00 13:02:30

Moyle Interconnector
2579 MW 41.29 MVAr

: 0.05 MW 2.20 MVAr
o 2574 MW 39.09 MVAr
Positive MW: Importing from GB

P1: 28378 kV L-L 1.09°
P2: 283.54 kV L-L 110°

Deeside
37.74AMW  -130.16 MVAr

Positive MW: Importing from IE
403.38 kV L-L

Louth - Tandragee 275 kV
-101.68 MW  -5.89 MVAr

-AT1: 2534 MW -0.73 MVAr
AT2: 5134 MW -4.42 MVAr
-AT3: 2534 MW -0.74 MVAr

Positive MU: |E <= NI
AT1: 28224 kV L-L

AT2: 28259 kV L-L

AT3: 28420kV L-L

>

13:03-00

41.80
41.60 26.20
41.40 26.00
41.20 25.80
4100 2580
40.80 25.40
40.80 25.20
-126.00
-127.00
-128.00
-120.00
-130.00
-131.00

-132.00

400 8500
280 8750
1.60 -100.00
0.40 -102.50
080 -105.00
-2.00 -107 50
-3.20 -110.00
-4.40 -112.50
-5.60 -115.00

13:03:30

13:04:00 13:04:30

Moyle Intereonnector

26.40

i

13:02:00 13:03:00

Deeside 400 kV T4301

i

13:02:00 13:03:00

LOU-TAN

-6.80 -112579*

-8.00 149090

13:02:00 12:02:00

-12.76 °

24/01/2017 13:08:17

® 4007

13:05:00 13:05-30 13:06:00

24/01/2017 13:08:17

13:04:00 13:05:00 13:08:00

24/01/2017 13:068:17
s

13:04:00 13:05:00 13:06:00

24/01/2017 13:08:17

13:04:00 13:05:00 13:UG:UIJ.

Hz
807
mHz

® 2535
MW
41.56
MVAr

*38.03
L

®._101.81
MW
-£.38
MVAr

Now |[ 241012017 1

30617




Oscillation NCC Protocol Summary

Frequency Response is ON for all conventional
Move suspected primary driver of an oscillation to a different set-point (20 MW
steps)
Redistribute downward and upward regulation over a number units IE and NI; this
includes:

Move units above their min load

Move units below their full load

Start GTs to provide more regulation / inertia
Curtail wind by up to 5%

Enable Active Power Control (APC) and Frequency Response (FQR) for
windfarms which provide enhanced frequency response.

Switch Frequency response OFF on suspected driver of the oscillation;

EIRGRID ' SONI



International Experience

Individual Plant Tuning  System Tuning

New Zealand Australia
Hydro unit mechanical Inter-Area damped using AVR tuning
os.czlllatlon Canada

Nordic

New PSS to dampen modes

Tune hydro governors to
stabilise mode New England ISO
SVC tuning

EIRGRID ' SONI



Individual Tuning

Original Gains Pe feedback
500 I [ ——— Gains Reduced Pe Feedback
e Original Gains FSR Feedback
o 450 — A Original Gains FSR Feedbake;
S w0 TR RS S
o
350 \ \)
300 | | | | |
0 20 40 60 80 100 120
50 | | |
5
>
=3
g

Frequency (Hz)
(o)) [
o N

I

B
@
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—
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System Droop

System Droop with Wind APC Off
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System Droop

System Droop with Wind APC On
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Summary

Oscillation Events

Installed Sychrophasor System

NCC Protocol

Analysis of control system of existing plant

Investigating new ways to add more damping
to the system

EIRGRID ' SONI



Questions
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g

EU-Sysklex

DELIVERABLE 2.1 OVERVIEW

Noel Cunniffe
239 May 2017



Deliverable 2.1 — State of the Art Literature Review

> Review covering: 28 RES integration studies, projects and grid codes
» Focus on European power systems with inputs from US and Australia
> Initial conclusions

» Several technical scarcities showing technical issues of high levels of non-
synchronous renewable generation and need for system flexibility

» Scarcities identified
* Lack of frequency control —Inertia, Operating Reserves, Ramping Capability
* Lack of voltage control — Steady-state & Dynamic Control, Short Circuit Power
* Rotor angle instability — Small-signal Stability, Large-disturbance Stability
*  Network congestion — Hosting Capacity, RES Curtailment, Capacity Allocation
* Need for improved system restoration — Black-start Capability, Network Configuration, Load Restoration

* Degradation of system adequacy —Variable RES Uncertainty, System Interdependencies

Final report submitted at the end of April 2018
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Deliverable 2.1 —Technical Studies and Projects Reviewed

Projects reviewed in Task 2.1

1. Delivering Secure Sustainable Electricity System (DS3) (Ireland
8 y System (DS3) ( 15.GridTECH (EU)

& N. Ireland)
2.All Island Grid study (lreland & N. Ireland) 16.RA0 Tool
3.Facilitation of Renewables study (Ireland & N. Ireland) 17.UMBRELLA

4.Massive Integration of Renewable Energy (MIGRATE) project |18.CIGRE — Innovation in the power system industry,
(EV) Volume 5, June 2016, pp. 119-125

5.System Operability Framework (UK) 19.Coordinating cross-country congestion management

6.Technical and Economic Analysis of the European Electricity

20.Future system inertia 2 (Nordic countries
Power System with 60% Renewable Energy Sources (France) Y ( )

21.Future Power System Security Program (FPSS)

7.PROMOTioN (EU) (Australia)

8.Challenges and Opportunities for the Nordic power system

(Nordic countries) 22.Western Wind and Solar Integration Study (WWSIS)

23.Eastern Renewable Generation Integration Study

9.100% RES in Baltic sea countries (Nordic countries) (ERGIS)

10.e-Highway 2050 (EU) 24.Mid-Term Adequacy Forecast (MAF) 2017

25. ENTSO-E TYNDP 2018 - System Needs 2040 Report
11.MARKET4RES (EU)

(EV)
12.NORTHSEAGRID (EU) 26.ENTSO-E ‘Requirements for Generators’ (EU)
13.GRID4EU (EU) 27.ENTSO-E ‘Network Code on HVDC Connections’ (EU)
14.REserviceS (EU) 28.ENTSO-E ‘Demand Connection Code’ (EU)

Xk Disclaimer: This project has received funding from the
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Deliverable 2.1 —Technical Scarcities — Frequency Control

» Continued decrease in system inertia

* This issue has been identified by numerous studies (Ireland, GB, Continental Europe,
Nordic ) for increasing penetration of non-synchronous renewable generation

» The reduction in system inertia can potentially lead to the following major
impacts on system operation:

* Excessive frequency excursions (following an energy imbalance): problematic if under
or over-frequency relay settings for both generation and demand have been tuned for
systems with higher inertia

* Excessive rate of change of frequency (RoCoF) can lead to the operation of Loss of
Mains protection on the distribution system (EirGrid, National Grid) leading to further
generation loss or wide-are frequency instability on transmission level

* Market solutions with new products for faster response : IE/NI, GB, Nordic

Disclaimer: This project has received funding from the ‘
European Union’s Horizon 2020 research and E U _ S s | | eX
innovation programme under grant agreement No 773505.




Deliverable 2.1 —Technical Scarcities — Frequency Control

» Decreasing operating reserves and the need for faster response times

* Ireland/GB, Nordic, continental Europe: Faster reserve response is crucial to mitigate excessively low
frequency nadirs and Voltage Dip Induced Frequency Deviations (VDIFD)

* Ireland: high penetrations of wind generation led to considering VDIFD as an alternative to the loss of
the largest single infeed as a worse case event inducing to a need for operating reserves

» Geographical location of reserve providers

* Nordic system: geographically unbalanced volumes of primary reserves can lead to the inability to
balance active power in the timeframes required —i.e. reserve is situated all in one country

> Flexible ramping

* |E/NI system has identified a need for increased flexible ramping services over a1 —12 hour time period
» Solutions Market based and technology

*  New products: sub 5 second products in place: IE/NI, GB, Nordic system

*  Non-synchronous generation (wind and solar) have proven their ability to provide reserve services and
are being used or considered in several systems

Disclaimer: This project has received funding from the ‘
European Union’s Horizon 2020 research and E U _ S s | | eX
innovation programme under grant agreement No 773505.



Deliverable 2.1 —Technical Scarcities —Voltage Control

» Reduction of short-circuit power (National Grid, AEMO, MIGRATE, e-
highways2050)

*  Short circuit power provides an indication of the local dynamic performance of the system and
behaviours in response to a voltage disturbance

Y

Reduction in steady-state and dynamic voltage control capability

*  Due to the displacement of transmission-connected conventional generation by distributed
non-synchronous generation

7
/

» Technical impacts

* Leading to a larger propagation of voltage dips caused by short-circuit events. This can
negatively impact protection schemes and needs to be assessed and addressed in future —
some systems actively addressing low Short Circuit Ratio (IE/NI, GB)

7
/

» Market and technical solutions

* The need for non-synchronous generation to provide voltage support to the transmission
system (EirGrid and SONI, National Grid, GRID4EU, PROMOTioN, REserviceS)

*  Development of synchronous compensators in Denmark

Disclaimer: This project has received funding from the

European Union’s Horizon 2020 research and ‘ E | l _ S s I: | eX
innovation programme under grant agreement No 773505.




Deliverable 2.2 —Technical Scarcities — Rotor Angle Stability

» Rotor angle stability has been identified as a concern for future systems with
high non-synchronous generation levels (e-highways2050)

« refers to ‘the ability of synchronous machines of a power system to remain in synchronism
after being subjected to a disturbance’ and includes : small-signal and transient stability

» Technical impacts

» Lack of synchronising torque results in non-oscillatory instability, and lack
damping torque leads to oscillatory instability => due to the reduction in
synchronous plant

*  Oscillations of a group of generators maintaining synchronism in one area swinging against
another group in another area; these are inter-area modes or inter-area oscillations

* Inability of a power system to maintain synchronism after a severe disturbance and has been
observed as a critical issue in areas with very high levels of non-synchronous generation
(EirGrid and SONI, MIGRATE)

» Technical solutions

* To monitor Critical Clearance Time (CCT) following a fault at high RES periods since this is a key
indicator for this phenomenon and take preventive re-dispatch measures

Disclaimer: This project has received funding from the

European Union’s Horizon 2020 research and ‘ E | l _ S s I: | eX
innovation programme under grant agreement No 773505.




Deliverable 2.1 —Technical Scarcities — Congestion Mgt.

» Increased renewable generation has increased power flows from areas with
abundance of natural resources, which have resulted in network congestion

» Technical and economic impacts

Congestion can lead to RES curtailment and/or limit the ability to connect new RES and is one of the
main obstacles to achieve full benefits from the regional energy market.

Several projects have identified the need for increasing network hosting capacity in order relieve
network congestion (UMBRELLA, GRID4EU, GridTECH, Nordic TSO Analysis Group)

» Technical and organizational solutions

Active management of network congestions through smart control devices to increase grid hosting
capability (UMBRELLA, GRID4EU,GridTECH, Nordic TSO Analysis Group)

Flexibility demonstration projects and innovative solutions achieve this through demand side
management, energy storage, smart location of reserve services, on-load tap changers and grid
reconfiguration

Control and smart application of RES Curtailment

Enhance cross-border interconnection and evolve markets mechanisms (cost sharing, information
sharing)

Disclaimer: This project has received funding from the

European Union’s Horizon 2020 research and ‘ E | l _ S s I: | eX
innovation programme under grant agreement No 773505.



Deliverable 2.1 —Technical Scarcities — System restoration

» Technical impacts

* Large-scale synchronous generation has traditionally provided system restoration. As
these generators are being displaced, new restoration strategies shall be developed to
enable non-synchronous generators to provide it.

» Market and technical solutions:

* Modern technologies enable converter-fed variable generation to provide both
frequency and voltage control dynamically, as required by black-start generators

* This suggests that system restoration could be realized in a bottom-up way enabling
renewable generation to participate in such restoration procedures

*  Strong TSO-DSO coordination would be required for this to become a reality

* An appropriate market mechanism could be established to remunerate the capabilities
of non-synchronous generators able to provide restoration services (e.g. incorporation
of black-start services in capacity market)

Disclaimer: This project has received funding from the ‘
European Union’s Horizon 2020 research and E U _ S s | | eX
innovation programme under grant agreement No 773505.




Deliverable 2.1 —Technical Scarcities — System adequacy

» Technical impacts

* Continued decommissioning of thermal plants will cause capacity margins to become
tighter

» Market and technical solutions:

* Cross-border coordination appears to be a key enabler of system adequacy in a
European-wide scale, as interconnectors can enable countries to share capacity leading
to a pro-EU approach rather than a member state centric one

* This approach could reduce the requirement for additional generation capacity

* Suitable capacity markets should also be in place to create a level playing field between
traditional generation and distributed energy resources

Disclaimer: This project has received funding from the ‘
European Union’s Horizon 2020 research and E U _ S s | | eX
innovation programme under grant agreement No 773505.




Work Package 2 — Future work on System Studies

Nordic System
frequency stability
analysis inputting to
pan-European and
sub+-network mi)dels

Synchronous inertia  Reactive Power $ Unit commitment Synchronous inertia
Reserve Provision Short Circuit Levels = Reserve
Synchronising Torque Black-Start 2

Fault Ride-Through SONI

European sub-network
dynamic representation
with detailed network

Pan-European frequency

and dynamic model

(Continental + Paladyn)
v v

Unit commitment Synchronous inertia
Reserve

Bulk modelling of
Distribution System
demanfi s_lde resources into INESC
Transmission System models

Dynamic stability
Voltage stability

Disclaimer: This project has received funding from the ‘
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