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Carbon budget 1: we are on
track but are we on target?

Prof. Brian O Gallachéir
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Greenhouse gas emissions (Mt CO2eq)

Indicative Pathway to Meet Ireland’s 1st Statutory Carbon Budget
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Progress to date towards sectoral emissions ceilings

Sectors

Electricity

Transport

Buildings (Residential)

Buildings (Commercial and Public)

Industry

Agriculture

Other

LULUCF

Total including LULUCF

Sectoral
Emissions Esr;‘ia‘si?oor:s
Ceiling 2.021- Emissions Expended Ceiling
2025 Millions of

tonnes Expended
2021 2022 | 2023 | 2021-2023

40 9.9 9.7 7.6 68%

54 11.1 11.8 11.8 64%

29 6.9 5.8 5.3 62%

7 1.4 1.4 1.4 61%

30 7.1 6.6 6.3 67%

106 21.9 21.8 20.8 61%

9 1.9 1.9 1.8 63%

4.6 4.0 5.6
295 64.8 63.0 60.6 64%
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Prospects for meeting CB1 and sectoral emissions ceilings

Sectoral Emissions Reduction
Sectors Ceiling 2023 Remaining required
Millions of tonnes Emissions| |Emissions Allowable| relative to
COy¢q 2023
2021-2025 2023 2024 2025 2024-2025
Electricity 40 7.6 6.8 6.1 -10% p.a.
Transport 54 11.8 10.4 9.1 -12% p.a.
Buildings (Residential) 29 5.3 5.4 5.5 +1% p.a.
Buildings (Commercial & Public) 7 1.4 1.4 1.3 -3% p.a.
Industry 30 6.3 54 4.7 -14% p.a.
Agriculture 106 20.8 20.8 20.8 0% p.a.
Other 9 1.8 1.7 1.6 -5.5% p.a.
LULUCF 5.6
Total including LULUCF 295 60.6 55.6 51.0 -8.25% p.a




Prospects for meeting CB1 and sectoral emissions ceilings

Sectoral Emissions 2024 Reduction
Sectors Ceiling 2023 H1 Remaining required
Millions of tonnes | |[Emissions| |[Emissions|| Emissions Allowable| relative to
COx¢q Estimates 2023
2021-2025 2023 H1 2024 2024 2025 2024-2025
Electricity 40 7.6 3.2 6.8 6.1 -10% p.a.
Transport 54 11.8 5.8 10.4 9.1 -12% p.a.
Buildings (Residential) 29 5.3 3.9 5.4 5.5 +1% p.a.
Buildings (Commercial & Public) 7 1.4 0.7 1.4 1.3 -3% p.a.
Industry 30 6.3 2.8 5.4 4.7 -14% p.a.
Agriculture 106 20.8 9.8 20.8 20.8 0% p.a.
Other 9 1.8 1.0 1.7 1.6 -5.5% p.a.
LULUCF 5.6 ?
Total including LULUCF 295 60.6 27.1 55.6 51.0 -8.25% p.a




Prospects for meeting CB1 and sectoral emissions ceilings

We're currently on track to meet CB1 when we compare the last three years of data with a trajectory to meet
CB1. Continuing on this trajectory requires an 8.25% average annual reduction in GHG emissions in 2024 and
2025. EPA GHG emissions projections indicate we are off target by 15 Mt

The CB1 trajectory indicates we should expend at most 64% of CB1 by 2023 (189 Mt). We've expended (188.4
Mt) just lower than this amount in total over the past three years (i.e. in 60% of the CB1 time-frame);

Residential emissions in 2023 (5.3Mt) were lower than the annual emissions required in 2024 and 2025 (5.5 Mt
p.a.) to meet residential sectoral emissions ceiling, but grew in H1 2024 to 3.9 Mt

Agricultural emissions have expended the lowest share of their emissions ceiling compared with all other sectors
(60.9%). If Ag emissions are maintained at 2023 levels in 2024 and 2025, Ag will meet its SEC

Non-residential buildings also well on track to meet SEC. A 3% p.a. reduction over 2024-2025 is required to keep
within SEC.

Electricity is poorest performing sector to date, expending 68% of its emissions ceiling. It requires a 10%
reduction per annum to remain within SEC, but did achieve a 22% reduction in 2023 and is on track for 2024.

The transport sector is recognized for its system inertia. It is doing well to date (i.e. expended 64% of its SEC -
aligned with overall CB1 trajectory in graph). However, going forward it needs a 12% reduction per annum over
next 2 years. This compares with EPA projections that suggest a 2% reduction p.a. under the WAM scenario.

Industry also very challenging. Expended 67% of its SEC and needs a 14% p.a. reduction in 2024-2025 to remain
within SEC.



Policy Pathways to Carbon
Budget 2 SECs



Sector Emission Ceilings Current pathways overshoot CB2

CB1 CB2 Unallocated

(overshoot | (proportionally | Total

(2021-2025)|(2026-2030) (overshoot

Electricity
Transport
Industry
Services
Residential
Agriculture
Other
LULUCF

Total

40
54
30

29
106

XXX
295

20
37
24

23
96

XXX
200

Electricity
Transport
Industry
Services
Residential
Agriculture
Other
LULUCF

Total

WAM)

WAM)

distributed)



LEAP Ireland Model

H MaREI-EPMG [ LEAP-Ireland-Model ' Public Q

<> Code () Issues [ Pullrequests (¥) Actions [ Projects () Security [~ Insights

<> Code ~

A Tomas-Mac-Uidhir C:\Users\tomas\Documents\GitHub\LEAP-Ire... cad7053 - last year {0 12 Commits

¥ main ~ ¥ 1Branch ©> 0 Tags Q Gotofile

[ LEAP Ireland.leap C:\Users\tomas\Documents\GitHub\LEAP... last year
[3 README.md Update README.md last year
[ license create license last year

[0 README 3 License

LEAP-Ireland-Model

LEAP Ireland model - for modelling up to 2030, includes multi-scenario, multi-sector
information on Ireland's Emissions Inventory, energy demands, electricity generation and
supply information and technologies up to 2030. A suite of UCC sectoral ceiling scenarios
are also included with this version of the LEAP-Ireland model. License included in
repository.
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Volume 104, March 2022, 103195
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How and why we travel -
Mobility demand and emissions
from passenger transport

Vera O'Riordan °® 2 &, Fionn Rogan ° B Brian O Gallachéir @8,
Tomds Mac Uidhir ° b, Hannah Daly °°

Show more
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Energy Strategy Reviews

Volume 50, November 2023, 101237

ELSEVIER

Policy simulation modelling to
inform national carbon budget
pathways

Vera ORiordan 9 8, &, Tomés Mac Uidhir @ 2, Fionn Rogan ® b

https:/jdoi.orgf10.1016/).trd.2022.103155 A Get rights and content A

Under a Creative Commons license A ® apenaccess
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Pathways for the Transport Sector: Avoid, Shift & Improve

Examples (from Climate
Action Plan)

Reduce all vehicle KMs

Avoid 1 20% by 2030

Additional 125,000
Shift active travel journeys by
2025

845K Electric vehicles;
Improve Biofuel blending
(E10/B20)

1. Policy measures to shift transport demand to reduce CO, emissions have largest unrealized potential



Transport — Avoid Policy Measures

Policy Measure modelled in LEAP Ireland

1 20% Reduction of total vehicle kilometres by 2030
2 20% Reduction of total car kilometres by 2030

3 20% Reduction of total car commuting km by 2030

4 Remote working hubs

5  Working from Home 2 days per week

2. Many ‘Avoid’ policy measures are based on important but slow changes such as planning & infrastructure

3. There is a need for quick demand reduction, e.g. working from home in 2020



Transport — Shift Policy Measures

125,000 Sustainable Journeys per day

Additional 1000km of walking and cycling infrastructure

Bus Connects - 5 cities (Cork, Limerick, Waterford, Galway, Dublin)
Rural Transport System - Connecting Ireland's rural mobility plan
Additional electric bikes

School Transport Scheme

Additional 300 buses added to the Public Service Fleet

Luas extension - Cork, Limerick, Galway

O 00 N o Ul B W N B

Park and Ride provisions
10 DART+ West Program

11 Bike Share Schemes

12 Metrolink

4. Shift’ policy measures most numerous but have smallest mitigation impact. Combination with improve is vital

5. Important to consider trip purpose, such as escort journeys, which are more car intensive than commuting trips



Emissions by trip purpose

o0

~]

(@)

Personal Business

Entertainment/leisure/sports
Visit family/friends

Lh

N

Companion/Escort Journey

Emissions from Passenger Transport (MTCO?2)

3

Shopping
2
|
0

2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019

Source: (O'Riordan V., Rogan F., O Gallachéir B., Mac Uidhir T., Daly H., (2022) How and why we travel — Mobility demand and emissions from passenger
transport, Transportation Research Part D: Transport and Environment, Volume 104, 2022, 103195, ISSN 1361-9209, https://doi.org/10.1016/j.trd.2022.103195



https://doi.org/10.1016/j.trd.2022.103195

Transport — Improve Policy Measures

Electric Vehicle Uptake (1/3 car fleet)
Biofuel mixing (E10/B20)

95,000 EV commercial vehicles by 2030
Electrification of passenger rail services

Electrification of 1,500 passenger buses

o U1 A~ W N -

Speed management

6. Biofuel blending can achieve quick savings, but impact diminishes as car fleet electrifies. Risks from
supply chain security and impact of Energy Efficiency Directive (EED) need more research

7. Accelerated shift to public transport AND early electrification of public transport is one of the most
impactful combinations of policy measures

8. Policy targets, policy pathways and policy mechanism not all present and aligned for all policy measures



Transport Residential

- SEC (2026-2030) LEAP Ireland - SEC (2026-2030) LEAP Ireland

Co, (Mt) Co, (Mt) 22.2
* LEAP Ireland scenario achieves all * Current policy target: retrofit 500,000
policy measures with targets in dwellings to a B2 standard by 2030

Climate Action Plan e LEAP Ireland scenario:
 Additional policy measures: * Prioritise retrofitting for dwellings with
 Working From Home (2/days week) low BERs firsti.e. G, F E, D, C
« Speed Management (freight & cars) . Prlorltclsc,)e retroflttlfng }‘0; dwelllnl%s with
* Early & full electrification of passenger rcnoc;slt Heatllrr\]tense uels rirst, 1.e. Peat,
g Oil, Natural Gas Solid
drall ?Idy 2030) " Multi-fuel, Wood.
¢ U ated scenario achieves U d
. ated scenario achieves residential
transport SEC for 2026-2030 SEC for 2026-2030

Questions & comments welcome. Research is ongoing to improve accuracy & realism of modelling.
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_ Business THE IRISH TIMES

— Post

MY BP NEWS POLITICS MARKETS ANALYSIS & OPINION TECH

Climate Crisis

LA & ENVIRONMENT Strong political leadership required
New carbon budget wil immediately to bring carbon budgets into

BENEFITS E-READER

require 67 per cent line, Climate Council warns

emissions reduction by _ ~

2040 Government must take crucial step to ‘phas — " RTE Q
The Climate Change Advisory Council has publish fuels as early as 2039' NEWS » ENVIRONMENT » Politics Regional Ireland Middle East Climate Nuacht

proposals for two new carbin budgets today World RTE Investigates Programmes

DANIEL MUPP AV | Rr~raanrnan Aanna

CARBON BUDGETS Fossil fuel use must be 'phased out' in 15 years

Ireland needs to stop using harmful CCAC

= - - Updated / Thursday, 12 Dec 2024 19:30
fossil fuels in the next 15 years - climate
watchdog

A new proposed carbon budget for the years 2036-2040 would require emissions to
be much lower than today’s.

1.00am, 12 Dec 2024  ~79.3k 119 Comments [I] Share

December 2024 23



Modelling & engagement process

Carbon budgets methodology and work plan

Item

Description

2023

2024

May

Oct

Nov

Feb

Mar

May

Aug
-

-

Modelling/analysis iteration 1

1.0

Scoping of modelling work

1.1

Agree inputs, parameters and assumptions

12

Core pathways development and modelling

13

Paris Test assessment

1.4

Additional modelling and testing of results

1.5

Post hoc analysis

Modelling/analysis iteration 2

21

Agree inputs, parameters and assumptions

22

Core pathways development and modelling

23

Paris Test assessment

24

Additional modelling and testing of results

25

Post hoc analysis

w

Modelling/analysis iteration 3

| /

3.1

Agree inputs, parameters and assumptions

3.2

Core pathways development and modelling

33

Paris Test assessment

3.4

Additional modelling and testing of results

35

Post hoc analysis

CBWG key deliverables

D1

Modelling/analysis iteration 1 results

D2

Meodelling/analysis iteration 2 results

D3

Modelling/analysis iteration 3 results

D4

CBWG outputs report

c

CCAC deliverables

C.1

CB Proposals

December 2024

3 iterations of modelling
scenarios, following
consultation & engagement

Additional analysis on
implications of carbon
budgets for biodiversity,
macroeconomic impacts &
climate impacts

24



Core Carbon Budget Scenarios
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Remaining/overshoot
- downscaled Global
Carbon Budget >2031

Existing Sectoral
- Emissions Ceiling for
energy, CB1+2

“Fair” allocation of remaining global
carbon budget to Irish energy system is
highly sensitive to

- Equity principles

- Methane & non-energy mitigation

- Climate sensitivity etc.

This interpretation downscales 2021 GRCB

on a per-capita basis
25



Carbon budget & scenarios

Further analysis

Low Energy Demand

WEM & WAM

Limited Bio-Supply
High Solar PV

December 24

Core Scenarios

(Carbon Budgets)
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Fuel production
Oil products
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Power
Resources and .
. Generation
Potentials
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Fossil fuel —P)
Renewables
Renewable ccs
(Gas/Biomass)
Energy Trades l
Electricity
g." fr°f'“°ts —>| Transportation
iofuels e
Natural gas ¢«— & Distribution

End-use

Technologies
Cars & Trucks
Buses & Trains
Heaters
Boilers
Appliances

Dryers —>p

Dishwashers
Fans & Pumps
Refrigerators
Stoves & Ovens
Agr. Equipment
Ind. Machineries

Others

Energy
Service
Demands
Passenger
Freight
Space heating

l

CO, Constraint

Carbon Budget

AN

Hot water
Lighting
Electricity
Cooking
Refrigeration
Industries
Data Centre
Others

|

A 4

AN

A 4

CO, Removal

Capture & Storage
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Explore the scenario results

All studies  Charts  About this study

Recent Studies

Results are expected to be stable, but may be updated if circumstances require it

Scenarios Overview  Supply ~ Power  Transport  Residential ~ Services  Industry  Agriculture
250Mt Download data for any chart by clicking on the L, in its top-right corner.
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https://epmg.netlify.app/TIM-Carbon-Budget-

August 2024/results/

https://zenodo.org/records/14337533

Download the model

<> Code (O Issues 12 11 Pullrequests ©) Discussions (® Actions [ Projects 2 [0 wiki @ Security

3 times-ireland-model Public <7 EditPins v ©Watch 2 ~ % Fork 14 - ¥r star 13

TIMES-Ireland Model (TIM)

¥ main ~ b L O]

1 BakytzhanSuleimenov Merge pull request #70 from M. &3 e51305a -2 weeksago (O
ireland  gams

B github Update CODEOWNERS last year energy-planning
scenario-analysis
M8 AppData TIM for 2070 2 months ago
energy-system-model
B9 SubRES_TMPL TIM for 2070 2 months ago ERr
08 SuppXLS TIM for 2070 2 months ago M Readme
W Synclogs Update demand projections forin.. ~ 2monthsago 3 View license
A Activity
[ .gitignore Update Industry and growth rates ... 4 months ago = Cistononeies
[) .zenodo.json Add metadata for Zenodo 2 years ago ¢ 13stars
® 2watching
[ ACKNOWLEDGEMENT.md Add TIMES-Ireland Model 3 years ago
% 14 forks
[ BY_Trans.xlsx Add TIMES-Ireland Model 3 years ago Report repository

O MaREI-EPMG

https://github.com/MaREI-
EPMG/times-ireland-model

Read the findings

PATHWAYS FOR IRELAND’S ENERGY SYSTEM TO 2050

Modelling analysis to support the Climate Change Advisory Council on the Second Carbon Budget Programme

Prof. Hannah Daly, Dr Vahid Aryanpur, Bakytzhan Suleimenov & Dr. Paul Deane
Energy Policy and Modelling Group, University College Cork

September 2024

https://www.climatecouncil.ie/carbonbudgets
/carbonbudgetsworkinggroup2023-2024/

https://doi.org/10.1038/544168-024-00181

Implications of accelerated and delayed
climate action for Ireland’s energy
transition under carbon budgets

@‘ Check for updat

Vahid Aryanpur ® '#7, Olexandr Balyk®, James Glynn*, Ankita Gaur'?*, Jason McGuire™*® &
Hannah Daly'?

Npj | climate action

https://www.nature.com/articles/s44168-024-00181-7



https://epmg.netlify.app/TIM-Carbon-Budget-August_2024/results/
https://epmg.netlify.app/TIM-Carbon-Budget-August_2024/results/
https://zenodo.org/records/14337533
https://github.com/MaREI-EPMG/times-ireland-model
https://github.com/MaREI-EPMG/times-ireland-model
https://www.climatecouncil.ie/carbonbudgets/carbonbudgetsworkinggroup2023-2024/
https://www.climatecouncil.ie/carbonbudgets/carbonbudgetsworkinggroup2023-2024/
https://www.nature.com/articles/s44168-024-00181-7

Can we reconcile feasibility & fairness?

¢ The energy transition in a nutshell:

O

@)
@)
@)

Nearly complete phase-out of all fossil fuels required in 2040s in all scenarios.
Depending on temperature outcome & early overshoot, some negative emissions technology (NETs) required. This brings significant risks & trade-offs

Moderating final energy demands through structural change - is necessary to meet most carbon budget scenarios, especially to deal with overshoot

Over-reliance on bioenergy creates risks for land use & sustainability. Energy transition mainly requires rapid solar, wind & electrification, and demand
reductions.

¢ Existing commitments and policies to 2030 already overshoot many CB scenarios by 2030

O

©)

©)

Committed SECs already overshoot 250Mt CB by 2030
WAM & WEM pathways both exceed 300Mt CB by 2030 & require infeasible cuts and/or reliance on CDR post-2030

Moreover, SECs are already too high - 16Mt “unallocated savings” yet to be allocated

¢ Delayed mitigation is locking-in carbon and stranded assets, leading to overshoot of early CBs:

O

O

©)

increases reliance on risky carbon dioxide removal technologies,
misses out on opportunities of mitigation

leads to higher long-term mitigation costs.

¢ Ambitious carbon budget scenarios are less costly than current WEM and WAM pathways

December 24 28



Five Actions for 90% Energy Emissions Savings to 2030

Decarbonise Cut Car

Industry \ | Dependency

Wind, Solar
and Grid
Retrofit,

Heat Pumps, and

ﬁ{j e District Heating
Q=)
e Electrify Transport
Seal EH%E@@Q&%&ORW "
OFIRELAND University College Cork, Ireland

Colaiste na hOllIscoile Corcaigh

December 2024 29




Realising the benefits

Accelerate clean Cut fossil fuels Manage energy
energy demand
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Data centres in the context of
Ireland’s Carbon budgets Since 2017, all the additional electricity generation from

Irish wind energy has been overtaken by the growth in
energy demand from Data Centres

Prof. Hannah Daly
December 2024

TWh

o) X
“MaRE| @ﬂ Environmenta .

Institute

Energy - Climate- Marine

2017 2018 2019 2020 2021 2022 2023

Data Sources:
- Additional data centre demand: CSO Table MEC02
- Growth in wind energy: SEAIl Energy Balances, 2023

https://www.friendsoftheearth.ie/assets/files/pdf/data centrres and the carbo
n budgets - prof hannah daly dec 2024.pdf



https://www.friendsoftheearth.ie/assets/files/pdf/data_centrres_and_the_carbon_budgets_-_prof_hannah_daly_dec_2024.pdf
https://www.friendsoftheearth.ie/assets/files/pdf/data_centrres_and_the_carbon_budgets_-_prof_hannah_daly_dec_2024.pdf

Panel Discussion
Session 1: Carbon Budgets and Policy Pathways

Chair: Oisin Coghlan (Friends of the Earth)

Panel Members Join at
* Prof John Fitzgerald S"do com
* Prof. Brian O Gallachdir
* Dr. Fionn Rogan #EPMG
* Prof Hannah Daly E:. 'E

L
Slido.com| Code EPMG J
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Are emissions from aviation a
blind spot in Ireland’s climate goals?

Dr Vahid Aryanpur



Internation Aviation in Ireland

4 Fuel and emissions per year

= 15-48 PJ of jet kerosene, ~20% of total oil imports.

= 1-3 Mt of CO, (~10% of total energy-related CO,
emissions)

» Significant reductions: Financial crisis, COVID-19
pandemic restrictions

Source: SEAI’s national energy balances

December 24
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https://www.seai.ie/data-and-insights/seai-statistics/key-publications/national-energy-balance

Carbon Budgets & Aviation

O Global warming is driven by cumulative GHG emissions
O In Ireland, legally binding carbon budgets:

= Sectoral Emission Ceilings (SECs)

=  With Existing Measures

= With Additional Measures

O The aviation sector has been excluded

Q Climate Action Plan 2024 aligns with ReFuelEU regulations

This study explores:

Mt

350
300
250
200
150
100

50

Sectoral emissions for CB1 and CB2 (2021-2030)

Bl Power
M Transport
M Residential

Industry

Commercial

Agriculture

WEM WAM SECs

How and to what extent aviation emissions could deplete the Ireland’s carbon budget?
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https://assets.gov.ie/296414/7a06bae1-4c1c-4cdc-ac36-978e3119362e.pdf

Air Travel Categories

CSO Data (2013-2023)

Number of flights
Number of passengers
Departure flights (Destinations)

Average distance

1. Short or Regional (<500km)

2. Medium or Intracontinental (500-3000km)
3. Long or Intercontinental (>3000km)

Weighted average travel distance

1. Short: 450km
2. Medium: 1450km
3. Long: 5250km

December 24
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Flight Trends: Demand, Distance & Energy

M Short (<500km) M Medium (500-3000km) M Long (>3000km) M Short B Medium M Long

100% 1~

80% -
L2 25

60% A

40% A

20% -

0% -
2013 2018 2023|2013 2018 2023|2013 2018 2023

2013 2018 2023 Flight pkm Energy

« Demand: 68% 1, from 19 to 32 bpkm. « Short flights has declined (from 51% to 41% of
total number of flights)

W
O)

bpkm)
w
o

= N
o O

&)

Passenger travel
—_—
o

o

« Short, medium, and long-range flights increased by
29%, 15%, and 72%, respectively. « On average, short flights made up 45% of
flights but accounted for only 10% of pkm and
20% of aviation energy use.
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Average Passengers & Trips

Passenger per flight in Ireland Average trips per capita in Ireland & the EU

* X %
* *
* EU
* *

* 4 K

ani

2013 2018 2023 2013 2018 2023

2013 (2018 | 2023 | 2013 | 2018 | 2023 | 2013 | 2018 | 2023
Short Medium Long

« The number of passengers per flight has
increased across all travel ranges by 4-24%
(more occupied seats)

Air travel trips per capita is higher than the EU (~double)
» Gap over the EU grew from 1.0 to 1.6 trips per capita

« Overall Trend: Irish Air Passengers Travel Further & Farther Than 10 Years Ago
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Future Scenarios

a Demand'Side prOjeCtionS 0 Supply_side projections
BAU: Proportional to population & economic growth JetFuel: Fossil-based fuels (100% kerosene)
LED: Proportional to population, inelastic to GNI* - ReFuelEU: SAF (2% in 2025, 70% in 2050) & PtL (0.7%
in 2030 to 30% in 2050)
Demand Projections Fuel substitution in ReFuelEU Scenario
Billion passenger.kilometre 1 W JetKerosene M SAF PiL
o
©
< 0.6 -
[
T 04 -
0.2 -
| 0 -
2023 2050 2020 2025 2030 2035 2040 2045 2050

Demand- and supply-side pathways creates 4 scenarios
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Results: Cumulative emissions
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Cumulative aviation emissions (Mt)
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Cumulative emissions

— BAU+JetFuel

LED+JetFuel

°® -
' e

T T T T T 1

2020 2025 2030 2035 2040 2045 2050

U Fossil fuel reliance scenarios
Emits 98-121 Mt, consuming 33-40% of the 300Mt carbon budget, equivalent to the total budget for road transport.

0 ReFuelEU Scenarios
Significantly cut aviation emissions. Even these cleaner options consume 19-22% of the total carbon budget.

December 24

Carbon budget (Mt)
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Energy system carbon budget (2021-2050)

I Rest of energy system Aviation Aviation share

BAU+JetFuel

LED+JetFuel BAU+ReFuelEU LED+ReFuelEU

50%

40%

30%

20%

10%

0%

Aviation share

41



Key Takeaways

Ireland’s international aviation accounts for
= 9% of total final energy consumption
* 11% of total energy-related CO, emissions
= 20% of oil imports

Future pathway (2050)
= Aviation emissions could consume 19% to 40% of Ireland’s total carbon budget
= Alow-demand scenario can cut aviation fuel use by one-third compared to BAU

Risks and concerns
= Aviation emissions threaten to disproportionately deplete Ireland’s carbon budget
» Decarbonisation pathways based on zero emission fuels face significant feasibility issues
= Aviation remains a blind spot in Ireland’s climate goals

December 24 42



Energy Security

Dr. Paul Deane



Price Setting Technology as share of hours
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EU Residential Electricity Prices from 2019 to 2024 in € and in Purchasing Power Standard.
Range of prices in grey. Ireland prices in red solid line
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Energy Security...its about prices and physical supply

The dominance of natural gas in Ireland’s power system means electricity prices will remain elevated for
next 3-5 years

Renewables will help lower wholesale prices, but these reductions will likely be eroded by network costs
increases

Th(leI narrative that electricity will be ‘cheap’ is not helpful, but it can be affordable, less volatility and less
polluting

Electricity Market Reform is required to incentive and deliver a fossil free power system by 2035

Interconnectors will play a crucial role in mitigating flexibility needs across various timeframes, except at
the time of prolonged shortages in generation that affect multiple countries.

As we trade commodity market volatility for meteorological volatility, we need to repurpose Ireland
Strategic Oil Reserves to Clean Energy Reserves



A new Government will have to contend with old problems

Action 17: To create a Strategic Gas Emergency Reserve to protect Ireland in the
event of a gas supply disruption as Ireland makes a secure transition to majority
renewable energy

Energy Security

in Ireland to 2030
Energy Security Package
November 2023

ALL ISLAND GRID STUDY

WORK STREAM 4 Prepared by the Depariment of the Efvfonnent. Clite dgp Cof

ANALYSIS OF IMPACTS AND
BENEFITS

January 2008

Department of Communications, Energy and Natural Resources
Roinn Cumarside, Fuinnimh agus Acmhainni Nadirtha

Ireland needs a detailed plan for energy system decarbonization that aligns
with Climate targets




Longer term| Moving from Market to Meteorological
Risks

Renewable generation shortage events might occur 2 to 4 times annually, lasting on average up to 6-10
days and resulting in a generation gaps

Interconnectors will play a crucial role in mitigating flexibility needs across various timeframes, except at
the time of prolonged shortages in generation that affect multiple countries.

Under Ireland’s membership of the EU and the International Energy Agency, Ireland is obliged to
hold strategic oil stocks to protect against a possible supply interruption. Today, we hold about €1.5
billion worth of oil in strategic reserves in locations across Ireland, which is about 80 days’ worth of use.



https://www.nora.ie/oil-stocks
https://www.nora.ie/
https://www.nora.ie/

Residential decarbonisation

— The interaction between Retrofitting, Heat
Pumps, and District Heating

Dr. Tomas Mac Uidhir



Five Actions for 90% Energy Emissions Savings to 2030

Decarbonise Cut Car

Industry \ Dependency

The Big
Wind, Solar 5
and Grid Retrofit,

Heat Pumps, and

@ﬁ S District Heating
L Ol ‘Z 5
. Electrify Transport
Seal ENERGY AUTHORITY
OF IRELAND University College Cork, Ireland

Colaiste na hOllscoile Corcaigh



2030 Target

Progress

eeeeeeeeeeeeeeeeeee

Retrofit,
Heat Pumps, and
District Heating

Retrofitting
(# homes)

500,000

~53,000

~ 26 TWh heatdemand

Heat Pumps
(# HPs)

400,000
~14,000

District Heating
(energy)

2.5 TWh
~0 TWh



Heating Energy Analysis Tool (HEAT)

A new simulation tool to examine the interaction between residential
retrofitting, heat pumps, and district heating to 2040

* National, Regional, Local level

 What is the district heating potential in my area?
* What level of emissions reduction can district heating deliver?
 What homes (and how many) are required to deliver the target?

* What challenges will this interaction present — can we mitigate?
* What will it cost, and who will pay?



Heating Energy Analysis Tool (HEAT)

A new simulation tool to examine the interaction between residential
retrofitting, heat pumps, and district heating

* National (3 scenarios - SEAI District Heating Candidate Areas)

1) 2.7 TWh
2) 5.1 TWh
3) 8.1 TWh

Different levels of ambition across residential, commercial, public sectors



Scenario 1:

|dentifies a total of 2.7 TWh of district heating
potential across ~ 1500 small area (SA) locations

Delivers 0.87 TWh of district heating to Residential
sector (about 35% of target)

HEAT RESULTS

~ 85,000 homes connected to DH by 2030 (78 - 153 Million €)

~ 500,000 retrofits & 400,000 heat pumps by 2030 (32 Billion €)
> 1 M retrofits & 830,000 heat pumps by 2040 (47 Billion €)
Reduce annual emissions to 1.4 MtCO2 by 2040 (from cohort)



Scenario 2:

|dentifies a total of 5.1 TWh of district heating
potential across ~ 3400 small area (SA) locations

Delivers 2.6 TWh of district heating to Residential
sector (exceeds 2030 target)

HEAT RESULTS

~ 254,000 homes connected to DH by 2030 (234 - 456 Million €)
~ 500,000 retrofits & 400,000 heat pumps by 2030 (32 Billion €)
> 1 M retrofits & 830,000 heat pumps by 2040 (47 Billion €)
Reduce annual emissions to 1.2 MtCO2 by 2040 (from cohort)



Scenario 3:

|dentifies a total of 8.1 TWh of district heating
potential across ~ 5900 small area (SA) locations

Delivers 4 TWh of district heating to Residential
sector (by 2040 — does not achieve )

HEAT RESULTS

~ 390,000 homes connected to DH by 2030 (358 - 700 Million €)
~ 500,000 retrofits & 400,000 heat pumps by 2030 (32 Billion €)
> 1 M retrofits & 830,000 heat pumps by 2040 (47 Billion €)
Reduce annual emissions to 1 MtCO2 by 2040 (from cohort)



Growing ambition
0.86 TWh 2.6 TWh 4 TWh




Conclusion & Next Steps

* Immediate action required to deliver 2.5 TWh DH by 2030
* Above 4 TWh of residential DH difficult to deliver (in HEAT)
* No. Dwellings required approximates SEAI figures

* Further stakeholder engagement and calibration required
* Update regional data

 Calculate estimated savings (post-retrofit)

* Further user-choice for targets e.g. retrofitting



HEAT Tool

HEAT(Heating Energy Analysis Tool)

‘Scenarin Name;

EPMG_Showcase_event ‘

Retrofit Choices District Heating Choices
Retrofit Priority BER Year Annual Retrofits District Heating Priority BER Year DH Demand [TWh]
1 G 2024 43431 1 C 2024 0.00
2 F 2025 56557 2 u} 2025 0.00
3 E 2026 E1332 3 E 2026 0.z0
4 u} 2027 67056 4 F 2027 0.25
5 C 2025 TIE54 5 G 2025 0.25
-] B3 2023 TEOTT 5} B3 2029 0.25
2030 73512 2030 125
M 2031 55000 M 2031 0.40
2032 55000 2032 0.0
Fuel Switch Priority Fuel 2033 55000 Fuel Switch Priority Fuel 2033 0.25
1 Coal 2034 55000 1 Matural Gas 2034 025
2 Heating Oil 2035 55000 2 He ating Oil 2035 0.25
3 Matural Gas 2036 55000 3 Coal 2036 0.00
4 Peat 2037 55000 4 Siolid Multi-Fuel 2037 0.00
=1 Solid Multi=F el 2038 55000 3 Peat 2035 0.00
-] ‘wood 2033 55000 B ‘wood 2033 0.00
T Elestricity 2040 55000 T Electricity 2040 0.00

Advanced Retrofit Oplions |

Reorder Fuels Use Sample values

Reordar Fuels Use Sample values

Advanced District Heating Oplions ‘

Advanced Retrofit Options *

Occupancy Status ] Property Details ] Obsolescence | Heat Pumps

archetype retrofit costs to B2 standard ...

B3 C D E F G

Apgrtment‘ €17,243 ‘ €22149 ‘ SSD,DDD‘ £31,981 ‘ ess,aev‘ €41773

Detgched‘ £18,391 ‘ €27,415 ‘ 640,885‘ £60915 ‘ ego,aoz‘ €135,353

Terrgce‘ €15182 ‘ £29,423 ‘ 643,884‘ 657,905‘ €72146 ‘ €86,387

Close Reset

S

Advanced District Heating Options it

Occupancy Status ] Property Details

District Heating costs are estimated* based on a range
of expected investment costs to reflect the cost of
installing the distrubtion network and the cost to
homeowners to install a Heat Interchange Unit (HIU).

min max
Distribution (€/GJ): 5.49 20.8
Heat Interchange Unit (€): | 700 1000
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tomas.macuidhir@ucc.ie



Engagement on energy
infrastructure

Dr. Alexandra Revez



STEPS FOR PUBLIC ENGAGEMENT WITH ENERGY
TRANSITIONS [N AN ERA OF CLIMATE CRISIS

Steps for Public Engagement with

Energy Transitions
in an era of Climate Crisis
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Energy - Climate- Marine

Start November 2020
End  April 2025
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lrlan B Aoife Evan Boyle Alexandra
O Gallachdéir Deane Revez

Website:

https://www.marei.ie/project/public-engagement-with-energy-
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https://www.marei.ie/project/public-engagement-with-energy-transitions-in-an-era-of-climate-crisis/
https://www.marei.ie/project/public-engagement-with-energy-transitions-in-an-era-of-climate-crisis/




RESEARCH OVERVIEW: activities and projects

Research Activities

: : Projects
3 Literature Reviews ‘
Document Analysis RriiggPigtam ¢
EirGrid Interviews (x3)
Leads
1 Net-Map Workshop (x3) bego. 5
Post Net-Map Interviews (x3) e Ay
2 Practitioner Workshops (x7) 5 | Braden
5 Energy Citizen Roadshows ey s
3 Kildare-Meath Community Forum X
2 FOCUS Groups © Clashavoon - Dunmanway
) @® LaoisKilkenny
1 DEIphI Panel © Kildare-Meath
1 Weblnar @ Celtic Interconnector
) ® Celtic Interconnector
3 Fund-Route-Map Analysis ok
2 SSH/Inte rdiscip“na ry Workshops Map data © OpenStreetMap contributors, Microseft, Facebook, Inc. and its affiliates, Esri Community Maps contrib




“MaREl

Energy - Climate- Marine

. i
EU Action Plan 2
3 - Grid-25 sirategy established ; = A
i e 35,000 submussions made to ot mii}ldr;?;;d(n' a2 W -
- irst Energy Citizen

as investment program to

m % update and modemise the EirGrid through consultation
§ 55 transmission network process Ro?_d,,h(-)-._-. held in
. ! : Development of six-step Co.Donegal

Public Engagement Team

Publicaton of EirGnd Project ol
Develt - d Consuliati strategy
velopment and Consulauon astabished
Novemmber 2023 Roadmap
#EnergyUnion
As the backbone of our energy system, electricity grids are critical for the clean
energy transition. Europe has the most interconnected and resilient
electricity grid in the world bringing electricity to consumers every minute, EirGrid take over operation of
hour and day of the year However, for the EU to bring renewable electricity to national power system Emergenx opposition 10 3 key Publication of ‘Shaging Out
its consumers and empower them to produce it, electricity grids need to grd development projeets Updated Gnd Development Electricity Future’
develop further and faster. In the next seven years, we should double Strategy Launched by EirGrid
A our cross-border transmission infrastructure. : “llUllCifl on of the working paper- “Your Grit, Programme delivery team Contact signed on Celtc
‘ Governmeni Policy Stalement 4 : £ / - i - e Interconnector- the first
1 the Straiegic IMDortance Your Views, Your Tamorrow establinsed (o improve public colect 10 Rl Brolesnant riew
An accelerated energy transition requires a shift towards a decentralised, E{';‘ rr_“; ": 'JC” o Ii‘.;i p published engagement pro} r'nrrl. I"II 5‘“ Fbl 71(,;;';-' '
# ansmissi N the N - pgement r -]
digitalised, integrated and flexible system, with the expansion and Energy inira ture o ’
upgrade of both the transmission and distribution grids. Investing in grids '
today will help to reduce greenhouse gas emissions and energy costs for ¢ Flgl Timeline Of Eirgrid’s evolving pUblIC engagement

ronciimorc reace=hardar anarav infractriictuira nraiarte ran darraaea

Over €580 billion of investment is required for electricity grid development

EVO |V| n g and upgrades in this decade alone to meet European renewable targets,
with considerable infrastructural changes proposed at local levels across

E N ga ge me nt the continent. The EU Action Plan for Grids (2023), suggested that
guidance is needed to better engage with stakeholders and communities

St rateg\/ in the context of stimulating faster permitting for grid deployment.
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THREE INNOVATIONS +1 ~“MaREl

Energy - Climate- Marine

I. SIX STEP CONSULTATION PROCESS II. COMMUNITY BENEFIT FUND
i Identifying future needs of the electricity grid
. . rur:‘u‘;ﬂia * Funding released
St Technological solutions * Distributed in bulk . in 3 stages
* Stand alone * Funding across 3
i Best options and areas affected — FUEEEBS’;E:EE sponsorship fund streams
PLANKNING | |
"o 1 |dentify build locations PERMESSION — -~ § -
Eﬂm;nunitles {closed Communities (open
The planning process —] * ‘Eﬁ:sMumm ﬂpps".
FORUM SET-UPTO Dunmanway * * Celtic
5 B : ey . K "
Construction, energization and benefit sharing NEORM DEVELOPMENT : :;.ullu:ﬁ:r:_mnegad Interconnector
OF PROJECT AND pacdog = North Connaught
DEVELOP COMMUNITY \__Knocknanure . + Kildare-Meath
BEMEFIT FUND STRATEGY | |
-~ ~, = -
EirGrid Evaluation EirGrid Evaluation
= Reports and + Pre-award
. COMMUNITY FORUM recommendations evaluation panel
* Site visits v Site Visits
+ Video footage
Project team s "y A
and chair person |
1in|:le_p-en|:ler1't - -
facilitator) DECISION_MAKING » Set-up of community
Proportion and ELEMENTS » benefit Etrate-g',r
scabe of the REGARDING F—
roject COMPBALINITY o Priorities
projec BEMEFIT FUND o Fund structure
aComplementary
initiatives
Selection by
External

Evaluation Panel
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How and to what extent do participatory practices open Step 1
spaces of influence for community actors to partake in Step2  Technologies to meet future needs
decision-making?

What is the best option and what area may be affected

Where exactly should we build?

The local implementation of a community forum presents itself as
a sounding board for communities to express their preferences
regarding the choice of technology and decisions around siting
but also it opens new mechanisms to engage forum members in
pursuing other community development goals.

Step 5 The planning process

Step 6 Construction, energisation and benefit sharing

Level of Influence

Close to no influence
Limited influence

{ } Moderate influence

A need for greater emphasis on full life-cycle delivery to enhance
the community forum’s role as a mechanism through which
procedural participation can be expanded and capacity built to
enable community development projects

. Important influence

. very important influence




REFLECTIONS ON THE VALUE OF THE COMMUNITY FORUM

Early engagement (starting from step three with six step process) allowing for the transfer
of rich technical and geographical information to stakeholders.

Flexibility within membership of the forum coordinated by the members themselves.
Independent facilitation as pivotal to delivery of open, representative and transparent
dialogue and information sharing.

The tangible success from working with the forum and engaging extensively with

communities and public can be seen indirectly through the very small number of

submissions received during the planning process.

REFLECTIONS FROM PRACTITIONERS

° Greater emphasis on the full life-cycle delivery of the grid project to enhance the

Community Forum’s role, which is already delivering strongly in terms of information
sharing and community benefit fund allocation.

° Each forum should be consulted on their possible need for additional learning and
knowledge sharing in the later stages of grid development.

° Continued support for community projects by exploring opportunities for match-
funding or additional funding streams from other sources beyond EirGrid to develop

local community projects.




* “The number of projects to be delivered means things are
TO EX ped |te or moving fast. This fast pace of project development within the
organisation can sometimes be in tension with the time
E N ga ge ? requirements needed to follow the necessary engagement
protocols”

Heliyon 10 (2024) e34955

Contents lists available at ScienceDirect W

14-week long [poden 3 day Deliberative
Heliyon consaultation EE JRETEELIE . Dialogue
|
journal homepage: www.cell.com/heliyon h R
. Hundreds of 3

Research article z.o] cubfiicsione
Levers and obstacles for implementing public engagement =y
practices in electricity grid development
Evan Boyle® ', Alexandra Revez”, Aoife Deane ®, Brian O Gallachéir " Briefed over 30 fa TP ﬁ’ 100 participants in

county councils foieiolef Civil Society Forum

A MaREI Centre, Environmental Research Institute, University College Cork, Ireland
b School of Engineering, University College Cork, Cork, Ireland

EIRGRID

ARTICLEINFO ABSTRACT

Keywords: The scale of change required through the development of new energy infrastructure throughout
Public engagement Europe is vast. The societal dimensions of the energy transition are increasingly recognised as
Energy transitions centrally important and approaches to infrastructure development which seek to incorporate such

Infrastructure development

. o considerations are warranted. EirGrid - Ireland’s national electricity transmission operator -
Citizen participation

thenunh thair aum hictasinal cantavt hoee andaseana o inoenanr fn Aowalan naur ctvatamioe fae



Critical Summary of Community Benefit Literature

BACKGROUND

A few different financial models of compensation and benefit provision are outlined within the literature, including
one-off lump sum payments, a stream of payments, part ownership, direct investment in the community, tax
reductions, and reduced energy prices. Community payments or benefits can also be a mechanism for
engagement.

Benefit community payments have been suggested as an instrumental tool to address distributional asymmetries
related to the impacts of infrastructural developments.

COMMUNITY BENEFIT DELIVERY, ADMINISTRATION & PROCEDURAL &
-~ SCHEMES IN EUROPE MONITORING DISTRIBUTIONAL JUSTICE

Case studies outlined in Different stakeholders accept How benefit is spread across
France, ltaly, UK and the case for community benefit, society, and who is involved in the
Germany but the mechanisms for doing it process are two different measures

remain complex. of justice



SSH and
Interdisciplinary
Perspectives on the
Celtic Interconnector

Inviting Interdisciplinary
Insights to explore
interconnectors

Bringing into focus the Celtic Interconnector

Date: 10 April 2024 ‘!\%T o
Time: 10:30 to 15:30 CET s N
o !

Location: Embassy of Ireland, R sﬁ
2 Rue Rude, Paris 75116 4
Paris, France ﬂ

Programme ”"
v ]

10:30:  Welcome and Introductions v
Owen Feeney, Deputy Ambassador, Embassy of Ireland, Paris
Brian O Gallachéir, Assoc. VP of Sust: University College Cork
Sinead Dooley, Head of Public Engagement, EirGrid

11:00:  Celtic Interconnections

Remembering a common Celtic heritage and other bonds
nt Irish-French
ion of energy systems in Brittany and Cork

12:30:

13:15:  The Celtic Interconnector
Broadening socio-technical perspectives
Deepening various Interdisciplinary and SSH key thematic areas

15:30:  End of workshop activities

BUCC | mlon = A &= o
FanT | o= oo === b=

Despite the critical importance of delivering a more flexible and resilient energy
transmission grid infrastructure across Europe, research addressing energy union
strategies has focused mainly on understanding Interconnectors' technical and
economic implications. This space has many unexplored opportunities and
challenges, including low public awareness of interconnector projects. Inviting
Interdisciplinarity and Social Science and Humanities (SSH) insights is critical to
learning about interconnectors from broader contexts and capturing local community
insights.




Panel Discussion
Session 2: Emissions, Energy Security and Infrastructure

Chair: Jeanne Moore (NESC)

Panel Members Join at
e Dr Vahid Aryanpur slido.com
* Dr. Paul Deane HEPMG
* Dr. Tomas Mac Uidhir -
* D. Alexandra Reves _E:- E

a

J
[m] X



Fionnuala Callanan



Energy Policy and Modelling Group | University College Cork (ucc.ie) epmg@ucc.ie

University College Cork, Ireland
Coldiste na hOllscoile Corcaigh
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