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1.5°C still possible?

Global CO, pathways using Remaining Carbon Budgets
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Global Warming of 1.5°C

An IPCC Special Report on the impacts of global warming of 1.5°C
above pre-industrial levels and related global greenhouse gas emission pathways,
in the context of strengthening the global response to the threat of dimate change,
sustainable development, and efforts to eradicate poverty

University College Cork, reland

“As for the future,
it i1s not a question
of foreseeing it,

but of making it
possible.”

« Pour ce qui est de I'avenir, il ne s'agit pas de le prévoir, mais de le rendre possible. »
Antoine de Saint Exupéry, Citadelle, 1948



1. Scientific: impacts rise rapidly with peak
warming.

2. Legal: Paris Agreement and ICJ opinion still
require efforts to limit warming to 1.5°C.

Three reasons

1.5°C remains the - . ]
objective after 3. Ethical: exceeding 1.5°C does not remove

overshoot responsibility to minimise harm.

States are required to pursue their
“Highest Possible Ambition” in NDCs




Net-zero is necessary but not, alone, sufficient to
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return to 1.5°C following overshoot SSsratee
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The goal is not net-zero, not temperature stabilisation, but about minimising the extent, duration and
magnitude of warming as far as possible

Reisinger et. al., 2025


https://www.annualreviews.org/content/journals/10.1146/annurev-environ-111523-102029
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Importance of
minimising extent

and duration of
temperature
overshoot

The risk of climate tipping points is rising rapidly as the world

heatsup

Estimated range of global heating needed to pass tipping point temperature
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Returning to 1.5 °C after
overshoot requires radical
mitigation measures that
are mainly implemented
at the national level

Global IAMs guide &
provide boundary
conditions

National scenarios
operationalise ambition &
hold to account

Fossil fuel and industry AFOLU BECCS

Billion tonnes CO; per year (GICOz/yr)

P1

Billion tonnes CO, per year (GtCO/yr)
: P2

Is 1.5°C still possible?

Billion tonnes CO; per year (GICOz/yr)

P3

Breakdown of contributions to global net COz emissions in four illustrative model pathways

Billion tonnes CO, per year (GtCOz/yr)

P4

P1: Ascenario in which social,
business and technological innovations
result in lower energy demand up to
2050 while living standards rise,
especially in the global South. A
downsized energy system enables
rapid decarbonization of energy supply.
Afforestation is the only COR option
considered; neither fossil fuets with CCS
nor BECCS are used

P2: A scenario with a broad focus on
sustainability including energy
intensity, human development,
economic covergence and
international cooperation, as well as
shifts towards sustainable and healthy
consumption patterns, low-carbon
technology innovation, and
well-managed land systems with

limited societal acceptability for BECCS.

\

P3: Amiddle-of-the-road scenario in
which societal as well as technological
development follows historical
patterns. Emissions reductions are
mainly achieved by changing the way in
which energy and products are
produced, and to a lesser degree by
reductions in demand.

Sources: IPCC SR1.5 Peters 2024

a

P4: Aresource- and energy-intensive
scenario in which economic growth and
globalization lead to widespread
adoption of greenhouse-gas-intensive
lifestyles, including high demand for
transportation fuels and livestock
products. Emissions reductions are
mainly achieved through technological
means, making strong use of COR
through the deployment of BECCS.


https://www.ipcc.ch/sr15/chapter/spm/
https://doi.org/10.1177/29768659241293218

Energy modelling & Ireland’s carbon
budgets
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Proposed Carbon Budgets in the context of recent emissions,

“The State shall, so as to reduce the o e ,
projections and the 51% emissions reduction target

extent of further global warming,

pursue and achieve, by no later than
the end of the year 2050, the 70

80

transition to a climate resilient, 2 6
biodiversity rich, environmentally ﬁg
. . = 50
sustainable and climate neutral o g
economy” %3 40
33 [
= 30
=
[}
o 20
Climate Act requires that carbon “
o . 10
budgets be consistent with:
0
1 2010 2012 2014 2016 2018 2020 2021- 2026- 2031-
> Paris Agreement Art. 2, Art. 4.2 2021 2026 2031
> EU LaW Emissions 1990-2019 Budget "With Additional Measures" projection B 2030 51% Target

» Art. 2 UNFCCC 2009

Balyk, O,, et al (2022): TIM: Modelling pathways to meet Ireland’s long-term energy system challenges with the TIMES-Ireland
Model (v1.0), Geoscientific Model Development, https://doi.org/10.5194/gmd-2021-359

Daly, H., et al. (2024). Pathways for Ireland’s energy system to 2050: Modelling analysis to support the Climate Change Advisory
Council on the Second Carbon Budget Programme (TIMES-Ireland Model Report). Climate Change Advisory Council.
https://doi.org/10.5281/zenodo.17192991
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Energy transition
scenarios
compatible with

carbon budgets

- how can this
inform return
from overshoot?
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What has to happen? Impact on warming?

Global surface temperature increase since 1850-1900 (°C) as a function of cumulative CO; emissions (GtCO:)

Set near-term milestones to get on track for long-term targets 1eqa
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Four tests for a
credible national

1.5 C return Is it feasible? Is it a fair
scenarilo. contribution?

Enviror

feasibility feasibility

Aot

Highest Possible T
Ambition coomiea I coonpe

|

[ 9

Institutional al feasi-
feasibility bility
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A UCC Many countries have already overshot their
semeencse  fair share of safe warming

Ireland’s equivalent global warming contribution from
pre-Paris Agreement emissions

@ 3.5
3
. 2.5
Climate
outcome; >
) Pre-2015
Fairness; i,
Overshoot CH,4
1
0.5 CO,
0

1850 1875 1900 1925 1950 1975 2000 2025 2050 2075 2100

Methodology: Global temperature impact of Ireland’s pre-2015 CO, & CH,4 emissions using FalR,
12 scaled up by current share of global population
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Adequacy:
Return to
1.5°C

following
overshoot?

13

Stabilising warming impact - net-zero CO, -
commits to large permanent overshoot

Net-zero: Temperature stabilisation

o 3.5 50
o )
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15 CO, Net-zero by 2050
Stable thereafter
1
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Adequacy:
Return to
1.5°C

following
overshoot?
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Early CO, mitigation, CDR post-2050, and
mitigation of non-CO, cuts overshoot

Net-zero: Overshoot correction
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-30% by 2030,
-60% by 2050

-50% by 2030

-85% by 2040
-100% by 2050
Net-negative >2050



Feasibility & fairness:

Two “net-zero” pathways, very different outcomes

& 40
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Temperature stabilisation

Overshoot correction

Permanent overshoot

Return from overshoot

“Conventional ambitious” net-zero scenario

Under-explored in mitigation scenarios

Back-loaded CO, mitigation

Front-loaded CO, mitigation

Marginal non-CO, mitigation

Transformational land use change

Focus on technology & fuel transition

Wider economic & societal transformation

Final demands are fixed

Sufficiency, low-demand scenarios

Stops at 2050

Looks beyond 2050

CDR to balance residual CO, in 2050

CDR to correct overshoot

15



Structural features & practices in energy
systems modelling can weight towards delay

16



1. The problem of carbon accounting:
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A tonne of CO: is not just a tonne of CO

»Overshoot causes extra, long-lasting and sometimes irreversible harms
» It can trigger self-reinforcing climate feedbacks and tipping elements

» Thermodynamic reversibility not equal to damage reversibility

»Carbon accounting can underestimate the value of early action

» .. And obscure damages during overshoot even if removals materialise
» Emphasising net-zero overlooks peak and timing risks

» Future removals are uncertain, limited and risky

» Overconfidence in overshoot is a moral and policy risk
» Itincreases the chance of worse outcomes for vulnerable people

» Prudent policy minimises peak warming and cumulative CO,

17
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2. Biased against Highest Possible Ambition?

"= - Coldiste na hOllscoile Cﬂﬂlﬂh
Common model features favour back-loaded mitigation Ut ot o
1. Deployment constraints: 2. Discount rates favour later investment
under-estimating “feasibility”? €400
The rapid rise of solar continues to outpace |IEA outlooks - but % o €300
remains short of what would be needed for 1.5C T O
atts added per year in IEA WEOs, before retirements; Triangles show IEA Renewables 2022 forecast -(% g €2OO
= IE BN 2P oB i e S €00 . I . l I .
== WE0 2022 A RE2022 o
2 . [ I
Heat pump retrofit  ElectricHGV (2026) DAC (2045)

(2026)

HMr=0% Mr=4% MEr=8%

3. Over-confidence in CDR feasibility

18



3. Lacking a full picture of the problem

Addressing overshoot demands more than an energy transition Eo

Id
Global greenhouse gas emissions by sector

This is shown for the year 2016 - global greenhouse gas emissions were 49.4 billion tonnes CO,eq.

« National models are typically limited or
lacking in:

« Non-energy GHGs
International aviation & shipping

@ 2 ¥
(/ /T’//;’\,
/
Agriculture,

oy e « Embodied GHGs in international (energy)
asteé\/;ter(“ S 18.4% = trade
Cemept Industry « Agriculture, forestry and other land uses
s (AFOLU)
« Carbon & land use accounting; carbon cycle
dynamics, e.g., biomass
SO « Warming dynamics of GHGs
\><®\ & 5\/7@
%’\8’6) Residenﬂa\bu"\dmS



A research agenda for advancing energy systems
models in an era of overshoot

20



Beyond the energy transition:

5 UCC

Transformative scenarios that reflect “Highest Possible Ambition” T
1 Represent the whole Represent the whole Address carbon
climate problem 2 solution space 3 accounting

Reflect overshoot

Maximum plausible
damages

Include all GHGs mitigation uptake

Reflect carbon and land
opportunity costs

Include all sectors - Demand reduction &
AFOLU sufficiency

Longer time horizons Non-market policies Paris-consistent

benchmarks beyond net-
zero: Peak warming &
overshoot outcomes

Temperature outcomes Diverse CDR & deep
mitigation portfolios

21
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Working towards overshoot-aware mitigation modelling
in Ireland

22



TIMES-Ireland Model

s UCC
Freely available model, scenario explorer & policy impact ey Case o T

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
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PATHWAYS FOR IRELAND’S ENERGY SYSTEM TO 2050

Modelling analysis to support the Climate Change Advisory Council on the Second Carbon Budget Programme
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A EPMG transition under carbon budgets
Mot 0 MaREI-EPMG -
Vahid Aryanpur ® 20, Olexandr Balyk®, James Glynn*, Ankita Gaur'?%, Jason McGuire'® &
https://epmg.netlify.app/TIM-Carbon-Budget- Hanneh Day™
August 2024/results/ https://github.com/MaREI- )
EPMG/times-ireland-model npj | climate action

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

https://zenodo.org/records/14337533

23


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

Policy scenarios
Carbon budget constraints, services demands, land
conversion limits, afforestation targets, forest harvest
potential

e l

TIM-LEAF
Integrated national model
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SHARED RESOURCES

TIM-LEAF

Integrated national
model:

Energy-AFOLU

|—+ Carbon budget ‘ ’ Land [

ISPOIN [4dVd

macroeconomic drivers
-
(Kya100s ‘Aydesbowsp ‘Awouoos)

< Agricultural
production

Forestry

Demand

\4

Supply

Fuel, techno economic parameters and other

GHG dynamics |
Temperature outcomes : GHGs

OTHER OUTCOMES |

Land-use dynamics - Land allocation FalR

Energy system investments
Land based carbon sinks l
CDR technologies

National warming contribution
Peak dynamics

Jaggeshar et. al. (in preparation) Towards a national integrated model for land,
24 energy, agriculture and forest systems (TIM-LEAF)
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Data centres: Industrial policy & UC
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Electricity demand DC share of electricity demand

90 60% .
Additional from DCs

Additional from DCs (LEU Connection

(LEU Connection Policy)
Policy)
60 40%
c
= DCs (WAM) WAM
= (DCs with existing
grid connection
30 All other electricity 20% agreements)
uses (WAM)
0 0%
2024 2030 2040 2024 2030 2040

Bonserio, T., & Daly, H. (2026). Data centre expansion in Ireland: the conflict between
25 grid connection policy and national energy and climate targets. Working Paper.
Zenodo. https://doi.org/10.5281/zen0do0.20585450
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Integrating international aviation in energy system &

=3 UCC

climate accounting SR
M Kerosene M SAF PtL Electricity 1 H2
= 80 A
a 100% -
S 60 A w  90%1
© e
— c 80% -
s 40 1 S &
£ Q 70% 1
o 20 £ 60%
C
L o)
j S 50% -
0 HE
2020 2030 2040 2050 2060 2070 o ° L
S 30% -
Short-haul M Medium-haul M Long-haul 5_3 o 20% %
4 nO 0%y - Current share |
s 5 0% . .
< 3 2.0°C 1.7°C 15°C
& 2
7 > Int. aviation consumes 3-9x current carbon share
E 1 1 l ._l (50% likelihood of meeting the T. targets)
0 Aryanpur et. al., (in review). Integrating aviation into national carbon budgets reveals
2020 2030 2040 2050 2060 2070 critical risks to Paris-aligned energy transition
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Illustrate cost of delay
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Delayed mitigation

Brings forward net-zero target by 5 years
Risks carbon lock-in & stranded assets
Increase reliance on CDR

Leads to higher long-term mitigation costs

Aryanpur, V. et al. Implications of accelerated and delayed climate action for Ireland’s
energy transition under carbon budgets. npj Clim. Action 3, 97 (2024).
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https://doi.org/10.1038/s44168-024-00181-7
https://doi.org/10.1038/s44168-024-00181-7
https://doi.org/10.1038/s44168-024-00181-7
https://doi.org/10.1038/s44168-024-00181-7
https://doi.org/10.1038/s44168-024-00181-7
https://doi.org/10.1038/s44168-024-00181-7
https://doi.org/10.1038/s44168-024-00181-7

Lower demand & transformative pathways

20

E51

E61

Savings E51_ILED E51 Savings

2030 2050

- "I . ||| ______ III

(___ . 20
| B —_
o
w
m
10
. 0 -
Savings E61_ILED E61 Savings

M Fixed  Investment [l Variable

E51_ILED

E61_ILED

Coldiste na hOllIscoile Corcaigh
University College Cork, Ireland

Renewable and Sustainable Energy Transition 2 (2022) 100024

Contents lists available at ScienceDirect

Renewable and Sustainable Energy Transition TRANSITION

journal homepage: www.elsevier.com/locate/rset

Low energy demand scenario for feasible deep decarbonisation: Whole )
energy systems modelling for Ireland e

Ankita Gaur®*, Olexandr Balyk®", James Glynn¢, John Curtis®%¢, Hannah Daly "

3 MaREI, The SFI Centre for Climate, Energy and the Marine, Environmental Research Institute, University College Cork, Co. Cork, T23 XE10, Ireland
b School of Engineering and Architecture, University College Cork, Co. Cork, Ireland

< Center on Global Energy Policy, Columbia University, New York, NY 10027, USA

d Economic and Social Research Institute, Sir John Rogerson’s Quay, Dublin, DO2 K138, Ireland

¢ Trinity College Dublin, Ireland

Gaur, A, et. al,, (2022) Low energy demand scenario for feasible deep decarbonisation: Whole
energy systems modelling for Ireland. Renewable and Sustainable Energy Transition
https://doi.org/10.1016/].rset.2022.100024

Gaur et. al., (2024): Dispersed settlement patterns can hinder the net-zero transition: Evidence
from Ireland. Energy Strategy Reviews vol 51. https://doi.org/10.1016/].esr.2024.101296

Zhao et. al., (2026) Ireland's carbon emissi%g trends and degrowth opportunities: Based on
modified Tapio-LMDI model. Energy Policy https://doi.org/10.1016/].enpol.2025.114943



https://doi.org/10.1016/j.rset.2022.100024
https://doi.org/10.1016/j.esr.2024.101296
https://doi.org/10.1016/j.enpol.2025.114943

Policy engagement on Ireland’s long-term climate goal

10P Publishing

@ CrossMark

OPEN ACCESS

RECEIVED
28 November 2024

REVISED
9 July 2025

ACCEPTED FOR PUBLICATION
17 July 2025

PUBLISHED
12 August 2025

Original content from
this work may be used
under the terms of the
Creative Commons
Attribution 4.0 licence.

Any further distribution

Environ. Res. Lett. 20 (2025) 094019 https://doi.org/10.1088/1748-9326/adf12d

ENVIRONMENTAL RESEARCH
LETTERS

LETTER

National temperature neutrality, agricultural methane and climate
policy: reinforcing inequality in the global food system

Colm Duffy">* (@, Carl Doedens™ (), Réisin Moriarty’ (), Hannah Daly’, David Styles"*
and Malte Meinshausen™**

! National Universitv of Treland Galwav Universitv Road. Galwav H91 REW4. Treland

Engagement with Climate Experts on the Carbon Budgets

Coldiste na hOllIscoile Corcaigh
University College Cork, Ireland

H

| 108.70pm
Scientist statement on /&H// H
misuse of new approaches H o
to methane H

Global climate mitigation risks being undermined
by misuse of new approaches to methane

Statement

Signatories
A rapid and deep reduction in global methane emissions is
essential for meeting the temperature goal of the Paris Agreement,
reducing peak warming, and avoiding climate tipping points.

Further Info

We, the undersigned climate scientists and experts, express deep
concern that this crucial methane mitigation is being undermined
globally by efforts to redefine approaches to greenhouse gas
metrics and climate targets.

Maoriarty & Daly, 2025. Basing Ireland’s carbon budgets on temperature neutrality
would undermine obligations under the Paris Agreement

Duffvet, al., 2025. National temperature neutrality, agricultural methane and
climate policy: reinforcing inequality in the global food system

Open scientists statement: Giobal climate mitigation risks being undermined by
misuse of new approaches to methane. methanescience.org
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