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Climate & Energy Policy 2030-2050

Carbon Budget
Proposal Report

Climate Action Plan

51% reduction in energy-related
Greenhouse Gas Emissions relative 2030

to 2018
. . . @ Rilsnabtiean
o 75% reduction in electricity-related
!Mi Ireland’s Long-term Strategy
Greenhouse Gas Emissions relative 2030 P

2024

to 2018

Climate Action and Low Carbon Development (Amendment) Act 2021

EU 2040 reduction target in net

Greenhouse Gas Emissions relative 2040
Sectoral Emissions Ceilings to 1990

Carbon Neutral Economy 2050

Net-Zero Electricity System 2050
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Electricity Policy Context

Renewable Led System The Six phases of Variable Renewables Integration (IEA)
. L. 100%
Re I.I a b I l.lty 90% Denglark
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Affordability & o China
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Demand Growth 20 W
10% Thal?a.}é;nci
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Phase 1 Phase 2 Phase 3 Phase 4 Phase 5 Phase 6

Grid Delivery

A 2023 @ 2030

vV V V V VY VY V

Interconnection
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Electricity Sector Supporting
Decarbonisation
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Private Car Fleet

EV share of total passenger car fleet
(30%)

EV share of new registrations (100%)

845,000 Private EVs*
¢ 175,000 passenger EVs
o 20,000 commercial vans Commerclal Fleet
Fleet Electrincation | » 700 low-emission HGV 20% EV share of total LGV fleet.
« 300 EV buses in PSO bus fleet 95,000 commercial EVs
¢ Expansion of electrified rail services 30% ZE share of new heavy duty
vehicle registrations
3.500 H
PT Services
1,500 EV buses in PSO bus fleet;
Expansion of electrified rail services.
All new All new
dwellings dwellings
designed and designed and Minimum
constructed to constructed to Ener
Standards and | NZEB standard ZEB standard 0.4 performance
E Standards for all
170,000 new 280,000 new dwellings
dwellings using dwellings using
heat pumps heat pumps
Increased
120,000 200,000 number of
dwellings rafl dwellings
retrofitted to BER B2 retrofitted and
to BER B2 cost ootimal using heat
National cost optimal or cart?ﬂn pumps in line
Retrofit Plan or carbon 0.9 equivalent - with activity
equivalent d by 2030 and
minimum
45,000 existing Eﬂg‘t?r?ﬂ energy
dwellings using dwell & i performance
heat pumps WEIINES USINg standards for all
heat pumps dwellings

Increased
numl:_:er of _
Support public Support public E}i‘g;{;ﬁ'h‘; :atp
and commercial and commercial umos in line
N buildings to 0.4 buildings to 0.7 pump
Decarbonisation deli : deli : with levels of
of Public and | d€liver savings cliver savings deployment
Commercial | © : o : activity during
Heating 2026-2030
50-55% share of
carbon neutral
heating in total 70-75% share of
fuel demand as carbon neutral heating
outlined below and in total fuel demand
made up off: as outlined below and
35% of low/ made up of:
mediufn heat to be “ 55% of low/medium
Carbon- 1% of low/ heat to be electrified 60-70% share of
neutral medigmﬂgde heat 0.4 20% of low/ 13 carbon neutral
Heating In to be cnngﬁ.rerte d ' medium grade heat ' heating in total
Indust to sustainable to be converted to fuel demand
ndustry hiomass sustainable biomass
64% of high 88% of high grade
rade heat to heat to be converted
Ee converted to din?::tf h:,rhricl
to direct/hybrid electrincation
electrification BY
technology




Decarbonised Electricity System Study

Climate Action Plan 2023 -12.3.4 Further Measures

CLIMATE ACTION PLAN 2023

The third carbon budget (2031-2035) is expected to require continued electrification of
AR industry, the built environment, and transport, leading to substantial electricity demand
growth which will need to be almost fully decarbonised. In that context, SEAl will reportto
the Department of the Environment, Climate and Communications ... on an evidence-
based decarbonisation pathway for the electricity system to netzero, in order to provide
support future iterations of the Climate Action Plan; inform future carbon budgets; and
provide a basis for a long-term electricity system development strategy to achieve our 2050
objective.

Climate Action Plan

Climate Action Plan 2024, Action EL/24/3 2024

Complete a stakeholder consultation for an evidence-based decarbonisation
pathway for the electricity system to net-zero and support future iterations of
the Climate Action Plan.

7 Rialtas na hEireann | Government of Ireland
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Decarbonised Electricity System Study o

!al};j
ey
| A

Yo
’;": Fr‘..
e e
W7

‘ Expert Elicitation Study ‘ Climate %hOatjnngC?lAdV|sory

Establish International Best
Practice

Literature Review of
existing Net-Zero Plans ‘

Evidence-based
pathway(s) for
decarbonising the
Irish electricity

system presented to
Phase 2a:

Multicriteria Decision
Analysis Study

N Identification of potential Government
SEENR

Phase 2b: Identification of electricity
Techno-Economic Analysis system and wider economic
Study Impacts

8 Rialtas na hEireann | Government of Ireland
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Qverview

Context — Margie McCarthy

DESS approach & workplan — John McCann

Stakeholder engagement — JP Roux

Q&A

10 www.seai.ie
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Context

Margie McCarthy, Director of Research & Policy In5|g
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SEAIl is Ireland’'s national sustainable
energy authority.

We have supported a significant range of activities across energy
users and sectors, from home energy efficiency upgrades to ocean
energy research, driving the reduction and replacement of fossil fuel

usage. O

o

O
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SUSTAINABLE
ENERGY AUTHORITY
OF IRELAND

SUSTAINABLE ENERGY ACT, 2002

Functions of 6.—(1) The functions of the Authority shall be— (2) The Authority shall have all such powers as are necessary for
Authonty. or are incidental to the performance of its functions under this Act,
including—

(a) to promote and assist environmentally and economically {a) co-operating with the Central Statistics Office and acting as
sustainable production, supply and use of energy, an agent of that Office in relation to matters related to
i the functions of the Authority,

(b) to promote and assist energy efficiency and renewable o ] ) o .

sources of energy. (b) the compilation, extraction and dissemination of infor-
mation and projections relating to energy production and
use (including implications relating to the sourcing, trans-
formation, transmission, distnbution and emssions
thereof),

(c) to promote and assist the reduction of greenhouse pas emis-
sions and transboundary air pollutants associated with
the production, supply and use of energy,

{c) the licensing, regulation and control of activities related to

(dd) to promote and assist the minimising of the impact on the the functions where directed by the Minister from time

environment of the production, supply and use of energy,

o time,
{e) to promote and assist research, development and demon- (d) the initiation, development, admimistration, participation in
stration of technologies connected with the foregoing and promotion of schemes and programmes of action,

paragraphs of this subsection,
() the promotion of and assistance with participation n nter-
() to provide advice, information and guidance— national programmes,

(i) to the Minister and such other Ministers or bodies as (f) the provision of assistance in the co-ordination of activities
the Minister mav direct. and carried out in the State related to sustainable energy,

(g) the assessment ol energy technologies and markets lor the

(i1) 1o energy suppliers and users, purpose of promoting best practice,

relating to the matters specified in the foregoing para-
graphs of this subsection.

(f) encouraging the establishment and development of compan-
ies involved in the provision of services,

(1) the exchange of information with organisations outside the
State and participation in international activities,

(j) representation of a Mimister of the Government at meetings
of international bodies where requested to do so by the
Mimster,

in connection with the matters referred to in subsection (1).




Modus Operandi — Policy support

SEAI, as the authority under the sustainable energy act, 2002, supports DCEE in its policy formulation
mandate

National Heat Study (Feb 22) Informed and Supported:

National Heat Study

» District Heating National Plan

District Electricity -
and cooling Heating and
in Ireland Cooling

e Heat & Built Environment Taskforce

» Heat Bill and Heat Policy Statement

National Heat Study

Sustainable Net Zero

Uifztion forHeat /iy  Bioenergy Pathways
and Storage R piorngDecar

(CCUS)
 Sectoral analysis including solutions for
iIndustry and commercial heat

« SEAI Programme delivery and support

e
SUSTAINABLE
ENERGY AUTHORITY
OF IRELAND




SEAI Energy Modelling - informing policy and action

DCEE / policy
maker

collaboration

SEAIl energy SEAI programme
statistics data/BER/DEC Energy Projections / DECC advisory /
National Emissions National reporting
Survey data (Irish Technology and
consumers) policy costs ana SEAI ENERGY
benefits — )
MODELS(incl. NEMF) International Existing scheme
reporting (EU, IEA) changes / efficiency
SEAI RD&D Stakeholder

Inform new scheme
development e.qg.
SSRH, efficiency

outputs reports ‘
IEA Technology Macro-economic / “ !
Collaboration

fuel & carbon price

Publications /
SEAI web, comms

Programmes

Consultation
DCEE, EirGrid, CRU, ESRI, GNI, DPER, DFin, CSO etc.

e
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National Energy Projections (NEP) 2025

Publication, Scenario —— NEP2024, WEM ----- NEP2024, WAM —— NEP2025, WEM
----- NEP2025, WAM — — EE,P10 — EE,P50 —-— EE, P90 RES-E - Renewable Energy Share - Electricity
14 - 100
T === NEP25_CAP

= i': === NEP25_WAM
® 12 ~ o EEF' 50 === NEP25_WEM
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E ) — - = d E
£ : = o
5 A & - |

2 I': , ; | . I = 0

L — __ 14 2020 2025 2030 2035 2040
0 = -1 Year
Dec 2025 Dec 2030 Dec 2035 Dec 2040

« Delay of renewable energy deployment from DESS Expert Elicitation (EE) informed the NEP2025 scenarios,
resulting in a reduction in projected RES-E by 2030. DESS will build on evidence and risk-assessed
projections for 2030 starting point.

 Demand management critical to progress toward renewable share and emissions targets, energy security and
affordabllity of electrification across sectors

SUSTAINABLE
SEQ | i o
16 OF IRELAND




Review of net zero studies

Temporal Energy Methodol 5 ort- etwo urce L Stability Geographi Temporal
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 Energy system integration: Capture interactions CeR H
between electricity, gas, heat, and transport o J@
sectors

SR

L}
SRR
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« System flexibility needs: Include high temporal -
resolution in investment models entso

 Network: Detailed modelling to estimate _—_
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transition costs accurately = €
 Security of supply: Comprehensive adequacy I
: A
assessments over multiple weather years e (2) ﬁ
 System services: Consider stability and ancillary NREL } N g =
services In future system planning i =
| . | s =
- Capturing key uncertainties: Scenario Tﬁ | .
development and sensitivity analysis to address N '@, ﬂuaﬁ S @)
uncertainties in technology costs and adoption s [ @ 0 ﬂuaﬁ = T foaes i
rates " | B | o
@ @ @ % % 2
* These studies have a clean enerav taraet rather than net zero
e
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ENERGY AUTHORITY
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Scientific Advisory
Committee

Working Group

EirGrid)

GROUP NETWORKS

§\Hu{_:; EIES
= = Networks
o Ireland

ISr———

N
\\\\\\\ Gniomhaireacht Bainistiochta an Chistedin Nai
National Treasury Management Agency

Stakeholder
Forum

A partnership model to deliver DESS

Steering Com. &
Project Sponsors

SEAI Project Team g&

External
Consultants

DCEE: Matt Collins,
Philip Newsome
SEAI: Margie McCarthy,
Kerrie Sheehan

Technical Lead
John McCann

Project Team
Sarah Kelly
Padraig Daly

Jean-Plerre Roux

Shane O Huilin

Forest Mak

4
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ENERGY AUTHORITY
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The study will answer the following policy questions

« Pathways

— What are the viable pathways?

e Timelines

— By when can the viable pathways deliver decarbonisation?

e Cumulative emissions

— What are the emission trajectories on route to decarbonisation goals?

e [Economics

— Which pathways are affordable? (=> not self-defeating)

* Policies for implementation

— What are the policy priorities to support implementation of viable pathways?

19 www.seai.ie
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‘

DESS Approach and

work plan

John McCann — Programme Manager, Electricity & Wind
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Approach: Problem Framing

* Evidence-based Decarbonisation Pathway for

the Electricity System to 2050, that:

* Provides a basis for a long-term electricity system
development strategy to achieve our 2050 objective

« Supports future iterations of the Climate Action
Plan;
 Informs carbon budgets;

For each decarbonisation pathway, provide

* Emissions profiles

* Plant/technology mixes

* Policies/legislation/regulations required to support
pathway(s)

 Economic and cost data; e.g. electricity price
projections, subsidy costs, cost to exchequer and
electricity consumer, distributional impacts

« Security of supply indicators, investment
requirements, import dependency, spatial impacts,
enterprise opportunity

Multi-level requirement hierarchy:

iy

« Economic, Social & Environmental

AN

Stakeholder Requirements

System Requirements

Sub-System Requirements

Technology Requirements

 Policymakers, Regulators, Grid

Operators, Investors, Ele
Consumers, Public

ctricity

AN

Requirements

 Power System Performance

N

Systems

« Generating, Transmission and
Distribution Systems,
Electricity Demand, Coupled

* Technical, economic
and environmental
requirements that
technologies must meet

21 WWW.seai.ie
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Stakeholder Requirements

Government, ministries, regulators:

— Emissions trajectory, policy requirements, legislation, regulations, supports, subsidies, market reform, high level
spatial planning information, investment requirements, security of supply, price impacts, distributional impacts,
(macro-) economic impact, indigenous supply, enterprise opportunities

TSO, DSO, utilities

— New Infrastructure requirements, location/growth of new generation and demand, generation and demand
profiles, proposed new regulation, proposed market reforms, subsidies & supports, cost recovery, impact on
system security & reliability, impact on electricity prices and bills, I.T. & other systems requirements, plant
exit/repowering, stranded assets

Investors/Developers

— Future technology portfolio, investment opportunities, market(s) design, market prices, supports/subsidies, locational
opportunities, curtailment and constraint levels, new business models.

Electricity Consumers

— Affordable and stable prices, reliablility, low GHG emissions, sustainable energy sources, demand side opportunities
(On- site storage and generation, microgeneration, demand response, co-location, coupling)

Public (inc. Govt. bodies, NGO’s & representative bodies:

— Climate change addressed, environment conserved, economy supported, negative impacts minimised, engagement on,
and input to, future vision, participation in decision making processes

22
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Work to date

» Literature review of net-zero studies
P*(‘;iz ! « Qualitative inputs for carbon budget (focussed short term studies)
* Building partnership model for delivery with system operators, regulator, DCEE

* Develop net zero study specification,
* Procurement of external consultants
Phase 2a  Commence assessment of technologies and building of
(Q3 2024 - Q2 2025) portfolios (COWI, RPS)
 Commence specifications for high level dispatch modelling
to verify portfolios (SEAI)

« Establishing working group and partnership
model for delivery

Phase 2b * Scoping technical specifications

* Detailed scoping of work streams and
packages

(Q1 2025 — Q2 2025)

e
SUSTAINABLE
ENERGY AUTHORITY
23 OF IRELAND
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Multi-Criteria Assessment of technologies

MCA (commenced May 2025, completed Q1 2026) Spatial Regulatory

pathway

Factors

» Assessment of generation, storage and system service
technologies to determine viable technology portfolios for
subsequent scenario building and modelling

Operational reliability

Outputs

* Assessment of technology options against economic, technical, environmental, and
soclo-political criteria

- Early indication of viable technology portfolios weighted to strategic national Social acceptance
Interests (competitiveness, sustainability, security)

* Input assumptions to investment and dispatch modelling and scenario building

- Stakeholder review of input assumptions; I.e. technology selection and boundary
conditions for scenarios

Technology portfolios

SUSTAINABLE
sea l ENERGY AUTHORITY
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DESS Phase 2b Overview

WS 2a

llllllllllllllllllllllllllllllllllllllllllllllllllll
. L 4
& >

Multi Criteria
Decision Analysis

High Level Study

* *
. *
----------------------------------------------------

Scenario Development

\L

\_

WS 2b.2

| Portfolio Expansion |

Distributed Resources

Coupled Systems

Resource Adequacy

WS 2b.3

Transmission Planning & Security?!

Stability Studies?

Distribution Expansion?

VOthers

\Transm./Distr./Coupled Operation/

WS 2b.4

{ Coupled Networks J

Work by
WS 2b.5

/ Total System Cost Analysis\

Emissions Impact

Economic Impact

K Policies/Support I\/Ieasures/

L Eirgrid Net Zero Network study
2 Future work for Eirgrid

3 ESB “Networks Networks for Net Zero”
& “Capacity Pathways” studies

25 www.seai.ie
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DESS Stakeholder engagement

Working hypothesis:
Power system change becomes more likely if a critical mass of stakeholders co-produce
knowledge that they trust and feel compelled to act upon, even if their self-interest might
push against It.

Jean-Plerre Roux — Senior Energy Policy Specialist

SUSTAINABLE
ENERG‘( AUTHDRITY
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Orienting concepts and principles

» Post-Normal Science (Funtowicz & Ravetz 1993)

Characteristics of the study context Orienting principles

Uncertain facts: Data and models are Extend peer community: include a broad range of
Incomplete, contested or rapidly evolving stakeholders with diverse interests
Disputed values: Cultural and political values Participatory quality assurance: test robustness

High stakes: Research decisions can have

Influence research assumptions and methods of research through deliberation
Hybrid solutions: find solutions that

significant consequences accommodate trade-offs and expert judgement
Urgent decisions: Policy makers and Distributed research: conduct trans-disciplinary
stakeholder must act under uncertainty. and application-oriented research

SUSTAINABLE
sea l ENERGY AUTHORITY
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Process design for Post-Normal Science

* Process design: who is ‘at the table’, when, and why?

 DESS process seeks to internalise knowledge conflicts:

— data conflicts
— Vvalue conflicts and
— conflicts of interest

* Process design guides knowledge production

— Include as many stakeholders as possible who are affected by and implementing sectorial
decarbonization plans

— Stakeholders can:
* Influence commissioning of research and choice of methods

* Examine input assumptions, data and draft results
» Ask for revisions

« The DESS process Is time and resource intensive for all involved.

— Pragmatic solutions to integrate expert opinion/ judgements

— Discretion of SEAI to open and close deliberation at key ‘Decision Gates’ based on resource
constraints

e
SUSTAINABLE
ENERGY AUTHORITY
28 OF IRELAND
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A partnership model to deliver DESS

DCEE: Matt Collins,
Scientific Advisory § Steering Com. & Philip Newsome

Committee Project Sponsors SEAI: Margie McCarthy,
(CIUERS I EEER

Technical Lead
John McCann

Project Team
Eurgg{g) W. ' SEAI Project Team g& Sarah Kelly
- Padraig Daly
; #H-. Elg?:wmks Jean-Plerre Roux
Sed T Ireland Shane O Huilin
}\\\\\‘ ot e Forest Mak

Stakeholder | External
Forum Consultants

4
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Stakeholder Forum Terms of Reference

e A forum for the DESS WG to share study information and discuss stakeholder views on power sector
decarbonisation pathways after 2030, especially focused on the technical assessment of technologies in
portfolios, the construction of scenarios, direct power sector impacts, and direct and indirect economic
impacts of decarbonisation pathways.

e Review and discuss draft research outputs from DESS, including review of methodologies, input
assumptions and results.

e Highlight areas of concern that the forum and DESS WG can help to address (related to the general aims of
DESS) and inform agenda-setting

 Full TOR and FAQ available here: https://www.seal.ie/renewable-energy/decarbonised-electricity-system-study

* First stage deadline for Expressions of Interest: 7 July

SUSTAINABLE
sea l ENERGY AUTHORITY
30 WWWw.seai.ie OF IRELAND


https://www.seai.ie/renewable-energy/decarbonised-electricity-system-study

Stakeholder Forum Schedule and Format

« Q32025 - Q1 2026: focused on Multi-Criteria Analysis (MCA), portfolio building and initial
dispatch modelling
* Timing and topics are provisional and time required indicative

September
2025

December
2025

January
2026

January
2026

January
2026

Criteria weighting workshop: interrogate and
weight criteria for assessment

Results Wor

Kshop 1: interrogate MCA data and

INnput assumptions

Results Wor

Kshop 2: interrogate MCA data and

INnput assumptions

Results Wor

Kshop 3: interrogate portfolios and

high-level dispatch modelling results

Submission of written response to consultation

Online

In-person

In-person

In-person

Online

Total

0.5 day preparatory reading
0.25 day participation

1 day preparatory reading
0.5 day participation

1 day preparatory reading
0.5 day participation

0.75 day preparatory reading
0.5 day participation

1 day

6 days

31 www.seai.ie
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e Technology catalogue

e Technology selection

34 30. June 2025
DESS Launch




We are COWI and RPS

COWI’s expertise:

” Buildings and industry
Buildings fit for the future, for people and for

the planet.

Renewable energy
@ Accelerating direct electrification and green

fuel production.

Infrastructure
Connecting people through innovation and

digitalization.

7,500 2022 2025

COWI have more than 7,500 COWI decided to Launch of COWI
colleagues working in deselect all new Ireland

services related to projects exploring

engineering, architecture, fossil energy.

energy and environment.

35 30. June 2025
DESS Launch

RPS’s (Tetra Tech) expertise:

@ I Property @ I Water

ZAN
@ I Energy I Defense
I Transport @ I Resources

2023 30,000 550

RPS has been Tetra Tech has more than The group
acquired by Tetra 30,000 colleagues. consists of 550
Tech, increasing its offices worldwide.
offering and technical

capability

COWIL
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1. Study execution

Study design

Project kick-off

Duration: 12 months from contract signature

Project completion

Propose initial set of
technologles Tor screening

Describe screening

methodology

Establish “technology catalogue”
«  Should include all relevant data

naadad for MCDA and subsaqueant
tech-eco analysis (Figure 1 in terms)

« DEA as primary source

Budget for 10 technologies in each

batch

«  Owverlaps between batches may

QGCLIr

Budget for an additional 5

technologies as part of deliverable Vi

Batches

FPower supply
Energy storage
Ancillary sarvices

Total

No. Tech

10

10

10

30

Feedback

Multi Criteria Decision Analysis

12 total criteria for each batch

Describe specific criteria

. For each batch
«  Al10 in each

Describe data generation method

»  Bonus for "new analysis™

+  Must flag qualitative assassmeant
including method

Describe “Model”
+  Meathodology
+  Excel tool developmeant

Describe uncertainties created by the
MCDA design and how to mitigate
this

Describe uncertainties related to
external factors and how this is
addressed in the design of MCDA

Criteria Type MNo. Criteria
Environmantal =2
Economic ==2
Irizh viability »=2
Ancillary sarvices =2
Socio-political »=2

Weighting Scenarios

Portfolio is list of technologies,

assoclated capacities (MW/MWh) at a

future date & associated cost (e.g.

LCOE)

*  Proposal must cast for 4 portfolios
and must include option for 1 more
portfolio

Evaluate portfolios against existing

system plans & analyses

» 2030 baseline drawn from SEA
Mational Energy Projections 2024

»  Choice of scenaria (WEM, WAM or
Risk) to be determined

«  Must assume 80% RES-E is
achieved batween 2030 and 2040

»  Assess how portfolios would impact
results of existing system plans

Demonstrate robustness of portfolios
in providing security of supply and
the full suite of necessary reliability
services (table 2 In terms)

Paortfolio 1 2 3 4

Official 2040 and A XK

2050 targets

Supply side x
constraints

Deep sector AA

coupling

:

Stakeholder Engagement

4 F2F full day stakeholder

events in Dublin

+  [Feadback from workshops
compiled in writing

*  Feedback incorporated in
a Znd teration of MCDA
and final portfolic
construction + assassmant

d-month delay between
deliverable ¥V and completion
of stakeholder engagement

Must be reflected in plan

37
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1. Study execution

Study timeline

3

[Project team activity
takeholder engagement period
SEAI review

Limited project team availability

Proposed Study Timeline

(Contract signature - 28th April 2025)

W1

(PS

ATETRATECH COMPANY

April

Deliverables Table

07-04-2025
14-04-2025
21-04-2025

- 28-04-2025
(XN 05-05-2025
(F} 12-05-2025
' 19-05-2025
LW 26-05-2025
o 02-06-2025
~ 09-06-2025
o 16-06-2025
© 23-06-2025
=3l 30-06-2025

Project week
Contract award and mobilisation

i. Inception Report

ii. Technical Report — Stage 1

iii. Presentation — Stage 1

iv. Three (3) webinars online

v. Technical Report — Stage 2

vi. Analysis of additional technologies[1]

vii. Presentation — Stage 2

viii. MCDA model and data files

ix. Participation in 4 Stakeholder Engagement events
X. Technical Report — Stage 3

xi. Presentation — Stage 3

xiii. Data files

May June

July August September

07-07-2025

~fl 14-07-2025
el 21-07-2025
) 28-07-2025
=4l 01-09-2025
4 08-09-2025
a4l 15-09-2025
gl 22-09-2025
il 29-09-2025

-
-
-
= =]

October

November

December

»4 10-11-2025
=3l 17-11-2025
hel 24-11-2025

4 03-11-2025

January

February March April May

fll 05-01-2026

-4l 12-01-2026

74 19-01-2026
4 26-01-2026
'~y 02-03-2026
-4 09-03-2026
i) 16-03-2026
4 23-03-2026
< 06-04-2026
9 13-04-2026
< 20-04-2026

27-04-2026

04-05-2026

Final

[1] SEAI reserves the right not to proceed with this deliverable, or require
completion with fewer than five technologies. Refer to CfT Appendix 1:
Technical Specifications, Section 3.3. for more information.
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Decision Gate 1:
Screening
MCDA
Methodology
Criterias and
scoring

Decision Gate 2:
Data
Sensitivities
Portfolios

Data delivery:
Emphasis on
preliminary data

Decision Gate 3:
Feedback
Changes to analysis
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2. Technology catalogue

Structure of the technology catalogue

A

Purpose: Comprehensive overview of both technical and non-technical
parameters for each technology.

Reference: Based on data, methodologies and data structures from the
Danish Energy Agency (DEA) Technology Catalogue.

Key data presented:
« Parameters included for each technology:
o Technical (e.g., capacity factors)
o Economic (e.g., CAPEX, OPEX)
o Environmental (e.g., CO, emissions)
o Social (e.g., social acceptance)
« Clear explanatory notes
« Full references for all data sources

Temporal coverage: Projections for the years 2030, 2040, and 2050.

Key consideration: Focus efforts on generating new data

30. June 2025
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Input data

Parameter Unit

Energuitechnical data

Generating capacity for one unit (M=) 5,0 5.5 6,0 5 B.D A1 z
Faorced outage [ 0,02 0,02 0,02 0,01 0,05 =] 18
Planned outage [=] 0,00 0,00 0,00 0,00 0,01 C 15
Technical lifetime [wears] 30,0 30,0 30,0 25,0 40,0 ] 1
Construction time [wears] 15 15 15 1,0 3,0 E 12
Fimancial data

Mominalinvestment [*total] [MELIRM - 1,1 1,1 1,1 0,8 12 [I.M] [12,1,18]
W ariable &M (" rotal) [ELIRMw e 2,0 19 1,8 15 22 [, M] 13, 211
Fined O&M [*total] [EURIM ' efuear] 16.662,7 5.965,4 5.602, 12.481,7 18.722,5 [, M] [20,21]
Technaology-zpecific data

Huailability [:] 1,0 1,0 1,0 1,0 9 13, 211
Hub: height [m] 100,0 105,0 110,0 85,0 0 13, 211
Fotar diameter [ml 1450 155,0 165,0 100,0 0 K [12, 21]
Specific power ['miz] 3028 2915 280 6 151,0 i

fAyerage capacity factor [-] 0,4 0,4 0,4 0,2 3 [15. 21]
fAyerage annual full-load hours (M hieMwe] 3.600,0 3.700,0 3.800,0 2.000,0 4 500,0 [&, L] z
Enviraonmental data

Emizsion intensity [t COZ e

Spatial Faotprint (1000 2P 2]

Irish context data

Plwzical constraint [areallm' 1MW)

Deliverabilivy [~

Deployment rate Mtz ar]

Mates:

A1, The capacity is set to 3.5 Mw'in 2015 and 2020 bazed on data of current wind turkines and under the anticipation that the mazimum height will not eseed 150m before 2020, From 2030 a slight increasze in generatar size, and hub height is

& The full load howrs [annual produktion (Mwh) per installed power [MW]) depending on the actual location of the wind farm, wake loszes and technological characteristics of the individual turbine. The valus is an average forthe expected locations
of the wind farms. FLH alza depends on wake loszes, noize reduction and techralogical characteristics of the individual turbine. The level far 20200z bazed an expectations from the November 18 auction winners locations and the 2013 preferad

B [fledemmnires hes ;;l;?cnally higher — c\-utage dnm alielzs meller nfimes heduhen they.'.-.; =p= FiEwEr AL b mTERE C::il'l‘:piE'H. technology.

C. Planmed outage is tupically 1-2 semice visits a year, with a mazimum duration of one work day, but there can alzo be planned outage due to shadow flicker stop or sector management [pratect turbines at given wind speeds and directions, where
0. The life time depends on the wind conditions; average annual speed and turbulence, relative to the design claszs of the turbine.

E. The construction time iz the periode from FIO to commissioning. But from first "dig” to turbines are in operation less than 5 2 vear iz needed for zmaller wind Farms [elusters], where the similar periode for larger wind Farms will be langer. The planning
time from idea ta construction starts will tupically be 2-3 wears, but can be eszentially more if permitting problems occour.

F. &n area of around S0 m = S0 mis needed far a madern wind turbine. Snother waw of defining the "area use” could be the noise zone, which ranges up to BO0-500 m from the wind turbine in warst case.

. 'wind turbines can be dow nw ard regulated within very short time and can therefore [if the wind iz blowing) be used in bath the primary and =econdary dowrw ard regulation.

H. 2015 Investment costs are bazed on a number of prospects for projects publizhed inrelation to Keberetzordningen. 2020 investment costs are bazed on updated data from Keberetzordningen. Mate that the investment costs listed here includes
l. The grid connection is sozialized in Denmark and can be subtracted from the given nominal investment seen from the project awner [change with new auction system from 2015,

J. TS - af the total vearly &M costs are assumed to be fived cost and 25 54 are assumed to be variable cost.

E. Currently only turbines up to 150 m tatal height iz installed commercially in Denmark bec ause of strict demands to higher turbines. Mo change in the national regulation is azsumed until after 2020, Some test sites allow Far larger turbines. Aboard
L. ltiz expected that the praduction [FLH] increase 1334 from 2015 ta 2020 and 33 from 2020-2030 and 134 per decade from 2030-2050.

M. Itis azsumed that the investment caost for on shore turbine prajects will be reduced 53 in each decade from 2020

M. It iz azsumed that the operation cost for on share turbines will be reduced 53 in each decade from 2020.

0. Orly internal grid costs included, see also note |

P. Land costz canbe aswell purchace as annual rent. Here iz chosen to add annual rent s 10 w0 purchace costs in CAPEX and then remowe land rent from CPEX.

0. Purchasze of neighbour settlements includes only the needed due to noise and distance demands, nat the "new” 2022 politically decided "Sales option”

Reterences:

1 OTU International Energu Peport - Perspectives on Wind Energy, OTL, 2021

2. Master data register of wind turbines, March 2022, Danish Energy Agency, 2023

1. Information fram Ererginet. dk bazed on analuzes of installed projects [2013-14), published under "Kabsretzardningen”, 2015
12, Schwabe, P. . Lensink, 5. & Hand, M., [E& \Wind Taszk 26: Multi-nation al case study af the financial cost of wind energy, 2011
13. Huor leenge holder en malle, Maturlig Energi, januar 2012

15. Mielzen, P. et. al., VYindmellers akonomi ELIOP projekt 33033-0136, 2010

13. Mar all-inclusive sermvice aligevelikke deekker alt, Maturlig Energi, now. 20714

20, Analysis of "keberets" projects 2017-2015

21 Interview s with project developers and suppliers Dec. 2013 - Jan. 2013
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Technology selection
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3. Technology selection

Screening logic

@ Cornerstones of the green transition Hot topics in the public debate
« Technologies that are universally recognized as important to reach « Comparison on a like for like basis with more conventional
carbon neutrality. technologies.
« Sector coupling technologies — direct and indirect electrification. « Increase knowledge level in public debate on the green transition.

E.g Solar PV, onshore and offshore wind, sector coupling
technologies. E.g Nuclear fission power, Hydrogen to power generation.

Relevance in an Irish context Distinct technologies

Potentially infinite possibilities for combining technologies.

This study is looking at 30 technologies.

Combinations to be considered in later phases.

Provide a consistent and expandable approach to technology data.
NB: Hybrid technologies are not considered, aim to provide “modular”
data that can be combined later.

« Respect for limitations inherent in an island system.
* Respect for limitations in resource availability in Ireland.

E.g Interconnectors, transmission, storage
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MCDA model
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3. MCDA model

Scoring of the technologies

@Qualitative scoring

« Data: Numerical values (e.g. spatial footprint, annualized « Data: Qualitative data where no numerical values can be
fixed costs). extracted (e.g. social acceptance).

« Methodology:

« Methodology: Normalization between 1 and 5 based on the

maximum and minimum value of the dataset: « Pair-wise comparison: Each technology is
compared with every other technology in the

dataset, one pair at a time. Binary comparison.
X —ming
Scorey = 1+4X maxq — ming’ +Ranking: For each technology, the total number of
pairwise wins is used to rank the technologies.

with x being the datapoint, and (2 the dataset. « Normalization: Normalization between 1 and 5

based on the maximum and minimum value of the
dataset.

Score from 1to 5to be used in the MDCA model
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3. MCDA model

Weighting

Purpose: reflecting different national strategic priorities

* Not all criteria are equally important to all stakeholders.

« Strategic national priorities (e.g., competitiveness, energy
security, sustainabillity) influence weightings.

ldentification of key criteria

 |dentification of key criteria relevant for a specific priority.

« Decisions on how to manage non-key criteria, i.e. zero
weight or small weight.

Ranking

« Calculation of a weighted score for each technology.

* Technologies are ranked based on the weighted score.
» Different priorities will give different rankings.
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Example 1: Fast and cheap

Criteria:

Fixed costs - cheap

Variable costs - cheap

Deliverability — known tech + available supply chain
Physical constraints — no time to change zoning
Reqgulatory pathway — existing regulation + fast permitting

Example 2. Green and popular

Criteria:

Carbon footprint - green

Spatial footprint — less Invasive = green and popular
Biodiversity impact - green

Physical constraints — protection of conservation areas
Social acceptance - popular

rPS COWI






4. Criteria

Correlation matrix for criteria assessment

Ensure that the selection of criteria is thorough and complete,

while avoiding overlap.

Basis of discussion when new criteria are proposed.

. Criteria ,
. I o
A
Emission intensity Spatial Footprint ity impact fixed cost  |Variable cost Physical |System services |Security of supply Social pathway
t CO2e / MW (or MWh)
Emission intensity
m?/ MW (MWh)
Spatial Footprint
Low correlation. Larger |Expert assessment:
spatial footprint ecological sensitivity and
probably larger negative |opportunity for a
impact on biodiversity diodiversity positive
design
ity impact
Low correlation. Larger EUR / MW (MWh)
spalial fm}lprinl
correlated with larger
costs (everything else
equal)
fixed cost
Low correlation. Moderate correlation. Moderate negative [EUR/ MWh
Depends on regulation |Fuel based technologies: lcorrelation. High CAPEX
lof biogenic fuels. Fuel  |expected to have: IAND high OPEX
based technologies emit |smaller footprints per ltechnologies are
(CO, during operation.  [MW than renewables. Iscreening out early.
Variable cost

Low correlation. High
|costs makes Irish
industry interest lower.

[Expert assessment:
rish and EU supply
chains

TRL

Criteria

Physical constraints

[Moderate correlation.
Larger spatial footprint,
lower total potential for
deployment

Low correlation.
Biodiversity positive
design could give access
to more land.

ovailable area / spatiao

\footprint (m?/mw)

|System services

Moderate correlation.
Renewables tend to
provide few system
services and low CO,
footprint.

Yes/No; Count of
services

Moderate correlation.
Renewables tend to

lhave low CF and low CO,
footprint.

Moderate correlation.
Being available is a
requirement to provide
|system services.

% of year that full
\capacity is available for
the system

|Availability
e e e

Security of supply
Low correlation. Social ~ [Low correlation. Larger Low correlation. Bad PR [Moderate correlation. Expert assessment:
acceptance maybe  |spatial footprint may be lcould drive industry  [Example: rejection of review of
correlated to perception |correlated with lower laway from certain nearshore offshore surveys/research
of "green’,ie.CO, social acceptance. Iwind.
footprint.

social

Regulatory pathway
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[Moderate correlation.
INew technologies are
likely to have low
deliverability and
regulatory support.

Low correlation. Land
use restrictions founded
in regulation.

Low correlation. High
social acceptance could
push regulation.

Time in y+D5:016ears
(% year resolution):
Duration of consenting
including passing of new
regulation if needed.

Low correlation

Moderate correlation

High correlation: to avoid as this shows that an overlap is existing.

Deliverability

Physical constraints

Social acceptance

Low correlation. Bad PR
could drive industry away
from certain technologies.

Moderate correlation.
Example: rejection of
nearshore offshore wind.

Regulatory pathway

Moderate correlation.
New technologies are
likely to have low
deliverability and
regulatory support.

Low correlation. Land use
restrictions found Iin

regulation.
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4. Criteria

Environmental criteria

@Emission Intensity

@ Spatial footprint @Biodiversity Impact

Estimation method: Literature review for Estimation method: Literature review of Estimation method: Literature review of open
each technology and experience/data open access resources available for the access resources to determine impact pathways
collected from past projects, environment and energy sector in EU and and sensitivities. Literature review for best
Including material extraction, transport, further afield if necessary. pratice examples of biodiversity positive design

Installation/construction, operation,

_ SR (BPD) at national, EU and if necessary
maintenance and decommissioning, based

International level.

on life-cycle analyses (LCAS) in peer- Source hierarchy:
reviewed scientific papers and LCAs in 1.  Danish Technology Catalogue Source hierarchy:
reports from the industry and are less than 2.  Desktop research e.g. LCA of 1.  Papers, projects and plan assessments
10 years old. Electricity Energy (UNECE); Land-use for impact pathways

Intensity of electricity production 2. Article 17 reporting for designated habitats
Source: (PLOS ONE) and species status, threats/pressures
1. LCA papers 3.  Project examples — national, UK, 3.  Project examples / papers for BPD
2. LCA databases Europe opportunities
3. EPDs 4.  Expert advices (COWI and RPS) 4.  Ecological expertise
Output: Direct and indirect emissions in
tonnes CO2e per MW (MWh for storage) Output: Land-used in m2 per MW (MWh for Output: Expert assessment of the ecological
Installed. storage) installed or similar defined unit sensitivity and opportunity for BPD.
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4. Criteria

Economic criteria

Estimation method: Calculation of the annual cost of
ownership based on CAPEX and fixed OPEX.

. , (L+i)"-i .
Annualized fixed cost = CAPEX - 110" 1 + Fixed OPEX
E‘ E—
With n technical lifetime and i1 discount rate of the

project.

Source hierarchy:

1. Danish Technology Catalogue
2. Desk research

3. Contact with manufacturers.

Output: Average lifetime cost per installed MW capacity
(MWh for storage).
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@Variable cost

Estimation method: Variable OPEX covers all costs

which depend on operation.

Source hierarchy:

1. Danish Technology Catalogue
2. Desk research

3. Contact with manufacturers.

Output : Cost per MWh generated/stored

rPS COWI



4. Criteria

Irish Viability Criteria

@Physical constraints

Estimation method: Assessment of TRL (1-9) and Irish Estimation method: Available area divided by spatial footprint

iIndustry involvement through review of existing projects based on consultation with GIS databases. Analagous to work done

with interviews to fill gaps. Consideration of the supply by RPS on the implementation of Climate Action Plan Action 102

chain maturity in Ireland and EU (1-5). (Spatial Policy Framework).

Source hierarchy: Potential parameters to consider: CSO Settlements Geodirectory,

1. Review of existing projects in Ireland and EU MyPlan Zoning, Connection Turbines, Overhead Power Cables,

2. To fill any gaps, interviews with industry Gas Networks, Water Mains, Roads, Railways, Main Rivers,
manufacturers and SAC/SPA/Ramsar Sites, Lakes, Transitional Waterbodies,

3. Assessments from the COWI RPS pool of experts UNESCO World Heritage Sites, Salmonid Rivers, CFRAMS Flood
will be utilised. Mapping, Soil Category, Landslide Susceptibility, Groundwater

Vulnerability, and Geological Heritage Sites.
Output: Normalised integer figure from 1-5 produced
from a pairwise comparison of technologies to provide Source hierarchy:

prioritisation of alternatives. 1. Exisithg data
2. GIS database analysis

Output : Total MW installable wrt. Land availability.
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4. Criteria

Operational reliability criteria

@System services

5

Estimation method: Yes/No evaluation on
each item on a list of system services
classified by technology. Considered as
iIndividual service and not as a combination
of them at first stage.

Source hierarchy:

1. Combination of information from the
technology catalogues, EU Regulations
and Grid Code requirements
(generation, demand, etc.).

2. Desk research on technical
documentation of the technologies
(literature, manufacturer's catalogues)
and

3. EXxpert inputs based on international
experiences.

Output: Count of system services provided.

30. June 2025
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@Availability

Estimation method: Available full-load
hours (FLH) based on existing projects and
literature.

Sources hierarchy:

1. The availability will be assessed based
on existing project description in Ireland
(especially important for wind and solar)
and open-source statistics as well as
through

2. relevant literature, international reports,
TSOs studies and statistics and

3. Expert inputs based on international
experiences.

Output: % availability over the year, not
iIncluding curtailment for non-synchronous
generation (wind and solar PV) or demand
response (bulk consumers).

@Security of supply

Estimation method: Evaluate based on the
3 criteria — fuel supply chain issues,
failure/maintenance risks, sabotage/cyber
risk

Source hierarchy:

1. COWI RPS pool of experts

2. Relevant Literature and EU
cybersecurity regulations.

3. International geo-political reports for
main equipment/spares supply chain,
fuel extraction and refine and
transportation.

Output: Reseach input to pairwise
comparisons.
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4. Criteria

Soclo-political criteria

@Regulatory pathway

Estimation method: Estimation method: Review of

« Research available information on public attitudes « 'system readiness’ (i.e. is the regulatory framework
and acceptance, applying a hierarchy of sources. In place for this technology?) and

* Review of 6 case studies on projects in Ireland « 'duration' of consenting process that applies to this
and internationally with a cross section of technology.
technologies. These will be combined to enable an estimate of the

« Apply a pairwise scoring method to allocate a overall time to achieve consent for each technology.

score on a scale of 1 to 5.
Source hierarchy:

Source hierarchy: « Irish legal/ regulatory framework (and regard to
«  See following slide. EU / International where necessary)
« |rish and international project case studies. «  SEAI energy consenting guidance.

« Past project experience (duration of consenting).

Output : Comparative scoring of the social attitudes

towards and acceptance of technologies. Output : Expected duration of successful project
consenting, in a number of time bands.
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6. Portfolio creation

Portfolio construction

54
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Four distinct portfolios will be constructed, each
corresponding to the subset of technologies that achieve
the highest scores in the MCDA, tailored to reflect
different national strategic priorities.

An iterative process of validation and revision will be
employed to refine these portfolios, ensuring their
suitability before progressing to the formal validation
phase.

A portfolio will be a sub-set of the available technologies.

At the outset, it will consist of the 3-4 highest ranked
technologies in each batch (generation, storage,
enabling).

Portfolio validation

Evaluation of the ability of the portfolio to
consistently meet demand under various scenarios
while complying with Irish regulatory standards.

Energy and power — how much can the portfolio
deliver?

System stability - Is the portfolio sufficient?

Risk — geopolitical, security of supply, mitigations
Themes — policy targets, sector coupling, constraints

Feedback loop incorporated based on the
stakeholder engagement phase to ensure a portfolio
definition aligned with the expectations.



Thank you

Morten Hgrmann
Technical Director
COWI A/S
MHO@COWI.COM

55 30. June 2025
DESS Launch




	Slide 1: Decarbonised Electricity System Study Launch 
	Slide 2
	Slide 3: Decarbonised Electricity System Study 
	Slide 4
	Slide 5: Electricity Policy Context
	Slide 6: Electricity Sector Supporting Decarbonisation 
	Slide 7: Decarbonised Electricity System Study
	Slide 8: Decarbonised Electricity System Study
	Slide 9: Decarbonised Electricity System Study
	Slide 10: Overview
	Slide 11: Context
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16: National Energy Projections (NEP) 2025
	Slide 17: Review of net zero studies
	Slide 18: A partnership model to deliver DESS
	Slide 19: The study will answer the following policy questions
	Slide 20: DESS Approach and work plan
	Slide 21: Approach: Problem Framing
	Slide 22: Stakeholder Requirements
	Slide 23: Work to date
	Slide 24: Multi-Criteria Assessment of technologies
	Slide 25:  DESS Phase 2b Overview
	Slide 26: DESS Stakeholder engagement  Working hypothesis:  Power system change becomes more likely if a critical mass of stakeholders co-produce knowledge that they trust and feel compelled to act upon, even if their self-interest might push against it.
	Slide 27: Orienting concepts and principles
	Slide 28: Process design for Post-Normal Science
	Slide 29: A partnership model to deliver DESS
	Slide 30: Stakeholder Forum Terms of Reference
	Slide 31: Stakeholder Forum Schedule and Format
	Slide 32: Thank you. Any Questions?
	Slide 33: MCDA overview
	Slide 34
	Slide 35: We are COWI and RPS
	Slide 36
	Slide 37: Study design
	Slide 38: Study timeline
	Slide 39
	Slide 40: Structure of the technology catalogue
	Slide 41
	Slide 42: Screening logic
	Slide 43
	Slide 44: Scoring of the technologies 
	Slide 45: Weighting
	Slide 46
	Slide 47: Correlation matrix for criteria assessment
	Slide 48: Environmental criteria
	Slide 49: Economic criteria
	Slide 50: Irish Viability Criteria
	Slide 51: Operational reliability criteria
	Slide 52: Socio-political criteria
	Slide 53
	Slide 54: Portfolio construction  Portfolio validation
	Slide 55: Thank you

