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IWEA represents over 90% of the wind industry in Ireland

« Members across existing assets, development & supply chain for onshore & offshore:

- Wind farm developers
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Delivering the 70by30 target with
IWEA’s 70by30 Implementation Plan (Four Reports)

1. 70by30 Implementation Plan: Building Onshore Wind

. Implementation Plan

- Complete - Launching September

2. 70by30 Implementation Plan: Building Offshore Wind Buding 25

Offshore | 117§

- Modelling Underway

Implementation Plan

3. 70by30 Implementation Plan: Saving Money
- Launched on June 15th

4. 70by30 Implementation Plan: Saving Power S
- Launched on August 24th *
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https://www.iwea.com/images/files/final-iwea-70by30-saving-money-report-may-2020.pdf
https://www.iwea.com/images/files/iwea-saving-power-report.pdf

70by30 Energy will Save the Most Carbon in the Climate Action Plan

« Climate Action Plan aiming to
save ~16 Mt by 2030

« 70by30 will save ~¥8 Mt of
carbon by 2030

i.e. 50% of all

« INDUSTRY IS DEVELOPING
ENOUGH PROJECTS TO MEET

2030 TARGETS
IWE/S

Irish Wind Energy Association

Figure 4.3 Indicative Sectoral Targets for Ireland to 20304

GHG emissions, MICO,2q
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Total Non-ETS?
Total ETS?

1 Non-ETS emissions are made up of all emissions from Transport, Built Environment, and Agriculture, these summed up to 42 Mt in 2017.
In addition, non-ETS includes 0.5 Mt from electricity, 1.2 Mt from industry, 0.5 Mt from waste, 0.2 Mt IPPU (industrial processes), and 0.8
Mt of F-Gases. NDP includes emission reduction of 0.8 MtCO: by 2030 from these segments

2 ETS emissions are made up of emissions from Electricity and Industry (which summed up to 17 Mt in 2017) minus the Non-ETS

components of these sectors listed above
3 Based on provisional estimates from the EPA

4 NDP figures assume implementation of all measures in the National Development Plan 2018-20275 Reduction is based on MACC results,

it excludes abatement from biofuels usage in energy/heat production

@ % reduction from the 2030 Pre-

NDP Projections required lo
achieve largel based on MACC

!t In addition, agriculture sector will deliver
2.68 MtCO,eq. p.a. of abatement through
LULUCF measures
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We’ve come a long way to where we are today...
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http://www.eirgridgroup.com/site-files/library/EirGrid/System-and-Renewable-Data-Summary-Report.xlsx

...and generally maintained levels of dispatch down till recently
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http://www.eirgridgroup.com/site-files/library/EirGrid/System-and-Renewable-Data-Summary-Report.xlsx

There are three types of ‘Dispatch Down’ in the All-Island System

IWE/E
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Curtailment

Electricity Demand & Exports

Wind Power Production

Curtailment

SNSP Limit
(e.g. 65% of demand and exports)
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Constraints

Constraint
Electricity Produced Electricity Demand

Line or Cable Capacity

IWE/E =3 eneroy

Irish Wind Energy Association g
aamm [RELAND

TTY



Energy Balancing / Oversupply / Market Curtailment

Wind Power Production

Energy Balancing / Oversupply /
Market Curtailment

Electricity Demand & Exports

Curtailment

SNSP Limit
(e.g. 65% of demand and exports)

IWEAE = Zstorage

Irish Wind Energy Association
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Saving Power:
Minimising Dispatch Down — Curtailment and Constraints

Delivering the
Climate Action Plan
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Policy Measures to Minimise Curtailment

Policy Measure

Description

Aim

Lead
Stakeholders

Target Date

Impact in 2030 if Policy
Measure not
implemented

DS3+

Enhance the DS3 programme to facilitate 2030
RES-E objectives

Develop a DS3+ programme to relieve existing
operational constraints in line with EirGrid’s
strategic objectives to run the system with up
to 95% non-synchronous generation

EirGrid, CRU,
ESBN

2020

16.4% Curtailment

Interconnection

Capacity

Provide additional interconnection capacity
i.e. deliver Celtic and Greenlink
interconnectors and put in place an enduring
interconnection policy regime

Deliver Greenlink Interconnector by 2023 and
Celtic Interconnector by 2026
Develop an enduring interconnection policy
regime by Q4 2020

CRU, EirGrid,
Greenlink
Developer

Develop enduring
interconnection regime -
2020
Greenlink — 2023
Celtic — 2026

19.1% Curtailment

Interconnection

Introduce Single Intraday Coupling (SIDC) and
maximise counter-trading as an interim
measure to ensure that the market design is

Enhance interconnector operation so that they

EirGrid, SEMO,

Maximise countertrading

Description

Aim

Stakeholders

Target Date

. ] . . . able to export approximately 90% of their -2020 12.4% Curtailment
Operation incentivising the right behaviour on the . . ] CRU
. . . . capacity during curtailment events Introduce SIDC - 2023
interconnectors on a first principles basis
(least cost / least emissions).
Policy Measures to Minimise Constraints
Impact in 2030 if Polic
) Lead A ¥
Policy Measure

Measure not
implemented

Increase
Transmission
Grid Capacity

Progress grid reinforcements based on future
renewable development pipeline along with
alternative network solutions using best-in-
class community engagement. Streamline
EirGrid’s ‘six-step’ process and create a Grid
Capacity Advisory Council.

Maximise the capacity of the existing grid via
alternative network solutions such as Smart

Wires, energy storage, demand side response

Minimise constraints to the greatest extent
possible and, where appropriate and
reasonable, provide an indicative solution and
timeline so renewable electricity generations
can continue to develop with the certainty that
constraints will be minimised in future.

EirGrid, ESBN,
CRU

In 2020:

Identify grid development
requirements; Establish
Grid Capacity Advisory

Council; Initiate design &
consent of required grid

reinforcements.
Develop PR5 grid
development programme
of work

1750 MW Less Onshore
Wind

2000 MW Less Offshore
Wind

8% Increase in cost of
wind energy




Saving Power:
Major Long-Term Changes to Consider to Minimise Dispatch Down
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Major Long-Term Changes to Consider

Policy Measure

Description

Aim

Lead Stakeholders

Target Date

Impact in 2030 if
Policy Measure not
implemented

Market Redesign

Today’s electricity market is designed around
marginal-cost energy, backup capacity and small
amount of system services. In the future,
renewable electricity will need long-term energy
contracts, power plants will likely rely on
capacity contracts and the grid will need a much
larger market for system services. There is
consensus change is coming, but a lot more
analysis is required to establish exactly what this
change is.

The market operator, SEMO via EirGrid and the CRU
should put in place a dedicated team to solely focus on
what the electricity market design should be in 2030 to

facilitate a 70by30 power system.
Ireland should also seek to engage and lead at a
European level in the design of future markets
appropriate for very high RES-E levels.

CRU, SEMO,
EirGrid

2021

N/A

Dispatch down
Certainty

CRU should implement dispatch down
compensation for variable renewable
generators, which is paid for by EirGrid and
ESBN, who can then justify investments in
solutions to reduce this compensation and thus
reduce dispatch down. The compensation
mechanism will need to ensure that generators
are also not incentivised to build capacity in
unwanted locations.

This could be implemented in the short-term while
transposing Article 12 and 13 of the Electricity Regulation
in the Clean Energy Package. If not, then the CRU should
establish a roadmap that will explain how dispatch down
will be managed over the next decade at the lower cost
to the consumer, while also incentivising investment in
renewable electricity to achieve 70by30. At present
without dispatch down compensation, it is very likely
that the 2030 targets will not be met or alternatively,
they will be met at unnecessarily high costs to the
consumer.

CRU, EirGrid, ESBN

2020

N/A

Grid 2050

The power system will be very different in 2050
so whatever path we take towards 2030 should
bring us on the journey to full decarbonisation
of the economy before 2050. This will ensure we
can 1) use wind energy for renewable heat and
transport and 2) minimise dispatch down due to
Energy Balancing.

EirGrid and ESB Networks should begin planning for the
power system needs for a fully decarbonised electricity
system which can support the electrification of heat and
transport with the goal of a decarbonised economy by
2050.

EirGrid, ESBN, CRU

2020

N/A




Excellent additional sources of information
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Store, Respond
and Save

Cutting two million

tonnes of CO2
December 2019

Identifying the relative and combined impact and
importance of a range of curtailment mitigation
options on high RES-E systems in 2030 & 2040

Paul Blount*®AA James G. Carton**, Conor Forde** & * &~ Peter Lynn®, Rory Mullan®

*ABO-Wind, **Dublin City University, "Mullan Grid Consukting, “*Coillte

ABO » :
wins oo SMullangrid

Part funded by:

(2
SUSTAINABLE
ENERGY AUTHORITY
OF IRELAND
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https://www.seai.ie/data-and-insights/seai-research/research-projects/details/identifying-the-relative-and-combined-impact-and-importance-of-a-range-of-curtailment-mitigation-options-on-high-rese-systems-in-2030--2040
https://www.iwea.com/images/files/iwea-baringastorerespondsavereport.pdf

Ireland is a world leader in wind energy integration

Europe leads the way in system integration of variable renewables jea
Four phases of wind and solar integration
Denmark Bl
Require advanced technologies to =~ -
ensure grid reliability Ireland
J
~
European Union _\Italy
Flexibility investments: all power -l\
plants, demand side, storage, grids United Kingdom
/
~
JapanChlna Br. Turkey
Canada\ //tmted States
/m;h-\-a&ustraha
Mexico France )
N
Trgﬁga_ South Africa
N~ _——Korea
Russia
Saudi Arabia J
5% 20% 25% 30% 35% 40% 45% 50%

share of wind, solar PV in power generation, 2016

IWE/A =3 eneroy
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So what’s Synchronous and Non-Synchronous?

i, I’'m Synchronous! !/

Onshore Offshore Solar PV
Wind Wind

DURACELL

Pumped Biomass Battery
Storage HVDC Storage
e N (. -
e Been around for 120 years e Been around about 30 years (research since the 1950s)
e Large rotating machines spinning together in * No large rotating machines
synchronism (50 Hz) * Help the power system in different ways than
Help the power system when it needs support most ) synchronous machines D
IW E E The differences in these technologies lead to two of the main constraints on the - . Energy

Irish Wind Energy Associati o . — : storage
e e Eneray Assocaton system - SNSP and Minimum Generation Levels & =m IRELAND




Critical for DS3+ to deliver on increased SNSP and lower Min Gen

* The success of DS3+ in achieving 95% SNSP
and reducing minimum generation levels

70% RES-E Scenarios - Total Wind Curtailment vs SNSP & Min Gen

50.00%

BAU - 75% SNSP & down to 300 MW is the single most
45-009’0&'“‘” MinGen important measure required to integrate 70%
40.00% RES-E on the Irish system
35.00%

30.00% * Maintaining a Business As Usual of 75%
25.00% SNSP and approximately 1,400 MW of

7 5% SNSP . . .
minimum generation would lead to

Total Wind Curtailment (%)

20.00% ——95% SNSP
enormous levels of curtailment and require
15.00% .
95% SNSP & huge volumes of renewable generation to
10.00% 300MW Min be installed to hit 70% (in excess of 20 GW)
5.00% Gben
0.00% * Ensuring support for EirGrid and ESB
1400 1200 1000 200 600 400 200 0

Networks through Price Review 5 to deliver
this is essential

IWEAE FE

Irish Wind Energy Association > B
eamn [RELAND
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DS3 System Services were created to help the power system

Managing Frequency Managing Voltage

RR

Dynamic Steady-state Network
Reactive Reactive Adequacy
Power Power

Ramping

Grid 25

0-5s 5—90s 90s — 20min 20min — 12hr ms—s S —min min — hr

IWEL DS3 introduced 14 different System Services to help to manage === energy

v . . . .. storage
rish Wind Energy Association the system at high renewables and increase the SNSP limit = = o ASN’D

"
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Important to transition towards Zero Carbon System Services

Zero Carbon Technologies to provide System Services

» Batteries, Demand Side Response, Renewable Generation
(Wind, Solar, Hydro)

Reserve

| n e rt | a e Synchronous Condensers

e STATCOMS, SVCs, Synchronous Condensers, Renewable
Generation (Wind, Solar, Hydro)

e Long-duration batteries (4-8 hours), Pumped Hydro Generation,
Demand Side Response, Flexible Hydrogen Gas Power Plants

Ramping

IWE£E = : storage

Irish Wind Energy Association > B
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Store, Respond & Save — How to save two million tonnes of CO2

2 million tonnes At least €117m 50% reduction
of CO, per year per year in renewable
avoided operational cost curtailment
saving
Equivalentto Half of this annual Enough energy to
removing one saving is realised by meet the annual
third of power deployment of zero- needs of over 300,000
sector emissions carbon reserve alone domestic customers
The results are entirely technology  The analysis has not examined the * However, it demonstrates that long-term
agnostic, but zero-carbon providers such  market design and commercial frameworks which provide investment
as demand side response units, battery framework under which zero-carbon certainty for zero-carbon providers to
storage, synchronous condensers, service providers could be remunerated deliver would be beneficial in achieving
flywheels and renewable generation are power sector decarbonisation goals

already available today

IWE £ = Z storage

Irish Wind Energy Association - B
e [RELAND



Additional Interconnection is vital to enable 70% RES-E

Total Wind Curtailment (%)

All I1sland Wind Curtailment Vs Additional Idealised Interconnection and Storage

50.0%

50% average export solves c.a. %
of the problem

ﬁ‘l
25,08 Greenlink - —
200% Greenlink + Celtic sl -
. with 100% .
Availability [ Cettic

10.0%
5.08%

0.0%

IWEAE

Irish Wind Energy Association

1000 1500 2000 2500
Additional Interconnection [ Storage (MW)

T '~ .. 50% exports during

curtailment events

100% exports during
curtailment events

3000

Analysis demonstrates that delivering on the
Greenlink Interconnector and Celtic
Interconnector can dramatically reduce
curtailment levels

It also highlights the benefits which could be
seen if further interconnectors beyond these
could be delivered

However, to maximise their benefit we need
to ensure they can export when needed
most during curtailment events...
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gt storage
™2

e [RELAND

T



Improvements in Interconnector Operation will be needed

GB-SEM DA Spread (€/MW)

=3
[=]
=]
-
.
5
.
[
.
[
[
* -
8
(=]

Interconnector flows and GB-ISEM Price spread during curtailment events between 01/10/2018 and 19/05/2020.
Day-ahead market on left. Balancing market on right.

Interconnector DA Schedule Position versus GB-ISEM Spread Interconnector BM Schedule Position versus GB-1ISEM BM Spread
100 500

.
&5

Suge

GB—EEM B Spread (€/MW)
=]

1500 600

-300
ICScheduled Position [MW) ICMetered Output (MW)

The interconnector flow was in the opposite direction to the price signal in the balancing market 34% of the time

Improvements to interconnector trading through counter-trading by the System Operators or closer coupling of the SEM with the
Great Britain market will be vital - Brexit is a complication to this!

IWEAE FE

Irish Wind Energy Association > B
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Grid reinforcements will be needed to combat constraints

North-West Border 2030 ,
 Constraints have been steadily rising o e Source: Tomorrow’s Energy
over recent years and this will continue N . scenarios 2019 reland

_ Y . . System Needs Assessment
without further grid reinforcements and .
smart strategies to “sweat the assets”
e CSopon : = Dublin Mid-East 2030
e EirGrid’s TES 2019 System Needs : - Lo
. . Y . . . o e Midlands 2030 Covacty
Assessment highlighted six regions in pover = . =
. . . . Capacky Tt N
particular in Ireland which will need ’ {

their two 70% RES-E scenarios

substantial reinforcements to facilitate J?% %
& 3

e gy ey
b < R awear, | High-Vottage Low-Vottage sy | South-East 2030
. Support Support /
* These results consider IWEA’s pipeline : "yz e 4 s
. South-West 2030 = “ayiN . | A
survey which shows over 8 GW of o ,ﬁ"* - \ e /
onshore wind and 12 GW of offshore et (oXZ | ) Vo k
. . . X4 w “-..\ 1 ./
wind in active development N WA
A e |
e High-Voltage Low-Voitage
sany s Cork Support Support
-
IVWWE S T . =r—w gnergy
e s = = storage
- B

Irish Wind Energy Association
—Centralised Energy Delayed Transition -—Coordinated Action aamm [RELAND


http://www.eirgridgroup.com/site-files/library/EirGrid/EirGrid-TES-2019-System-Needs-Assessment-Report_Final.pdf

Key recommendations for reducing constraints

#3: A new grid development
strategy which builds upon
the “Your Grid, Your
Tomorrow’ and that can
facilitate 70% RES-E

#1: Early development of
the transmission system
based on the strength of
renewable pipeline

#4: Establish a Grid
Capacity Advisory Forum #5: Build public support

to take feedback from for new grid infrastructure
industry

IWEAE

Irish Wind Energy Association



PR5 Consultation is ongoing - very important one to get right

CRU Allowances - Draft Determination (TSO and TAO spend):

Capex Request CRU Proposed Positive that it is
Allowance proposed to allow nearly

TAO Network Capex €1126m €1076m all TAO Network Capex
and TSO Non-
TSO Network Capex €81Tm €68m Controllable Opex (i.e.
TSO Non-Network €69m €36m System Services)
Capex
N G - S o
Allowance strategic Initiatives to
integrate renewables are
TSO Controllable Opex  €318.6m €300.9m subject to cost
TSO Non-Controllable €957m €957m challenges and required
Opex revenue not fully allowed

IWE/ =3 eneroy

Irish Wind Energy Association



€10/MWh Saving in LCOE is ~€1.5 billion Extra Saving for Consumers

Figure 3 — Sensitivity of Net Consumer Value to different auction strike prices
(€M, real 2017 money)

Cheaper/™
and Gree"n .

Implementation Plang,’ .
May 2020 P

Delivering the
Climate Action Plan

€50/MWh €55/MWh €60/MWh €65/MWh
Strike priee
I W EE Mote: A discount rate of 6% was used to calculate the net present value. . s energy

[ »
Irish Wind Energy Association 4 StOl'age

aaum |RELAND



https://www.iwea.com/images/files/iwea-cheaper-and-greener-final-report.pdf
https://www.iwea.com/images/files/final-iwea-70by30-saving-money-report-may-2020.pdf

Saving Power:
Major Long-Term Changes to Consider to Minimise Dispatch Down
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Major Long-Term Changes to Consider

Policy Measure

Description

Aim

Lead Stakeholders

Target Date

Impact in 2030 if
Policy Measure not
implemented

Market Redesign

Today’s electricity market is designed around
marginal-cost energy, backup capacity and small
amount of system services. In the future,
renewable electricity will need long-term energy
contracts, power plants will likely rely on
capacity contracts and the grid will need a much
larger market for system services. There is
consensus change is coming, but a lot more
analysis is required to establish exactly what this
change is.

The market operator, SEMO via EirGrid and the CRU
should put in place a dedicated team to solely focus on
what the electricity market design should be in 2030 to

facilitate a 70by30 power system.
Ireland should also seek to engage and lead at a
European level in the design of future markets
appropriate for very high RES-E levels.

CRU, SEMO,
EirGrid

2021

N/A

Dispatch down
Certainty

CRU should implement dispatch down
compensation for variable renewable
generators, which is paid for by EirGrid and
ESBN, who can then justify investments in
solutions to reduce this compensation and thus
reduce dispatch down. The compensation
mechanism will need to ensure that generators
are also not incentivised to build capacity in
unwanted locations.

This could be implemented in the short-term while
transposing Article 12 and 13 of the Electricity Regulation
in the Clean Energy Package. If not, then the CRU should
establish a roadmap that will explain how dispatch down
will be managed over the next decade at the lower cost
to the consumer, while also incentivising investment in
renewable electricity to achieve 70by30. At present
without dispatch down compensation, it is very likely
that the 2030 targets will not be met or alternatively,
they will be met at unnecessarily high costs to the
consumer.

CRU, EirGrid, ESBN

2020

N/A

Grid 2050

The power system will be very different in 2050
so whatever path we take towards 2030 should
bring us on the journey to full decarbonisation
of the economy before 2050. This will ensure we
can 1) use wind energy for renewable heat and
transport and 2) minimise dispatch down due to
Energy Balancing.

EirGrid and ESB Networks should begin planning for the
power system needs for a fully decarbonised electricity
system which can support the electrification of heat and
transport with the goal of a decarbonised economy by
2050.

EirGrid, ESBN, CRU

2020

N/A
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