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Committee

UK and France Net Zero 2050. International leadership:
All greenhouse gases; targets includes aviation and shipping
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Scotland:
Net Zero by
2045

UK:

Net Zero
greenhouse
gas emissions
by 2050

27 June 2019:
Climate change act
amended and Net
zero emissions of
greenhouse gases in
2050 becomes law in
the UK

A Global Britain




(d)  Transitioning away from fossil fuels in energy systems, in a just, orderly and
equitable manner, accelerating action in this critical decade, so as to achieve net zero by 2050
in keeping with the science;

Figure 2 Consumption of oil and gas in the CCC's «
Sixth Carbon Budget analysis
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Shipping
Present:

99% oil based fuels, very small amount
of biofuel

2020 Global sulphur < 0.5%

Short term:

Methanol (needs source of carbon, e.g.
biogenic waste, methane from manure
or carbon capture)

Hybrid systems

Longer term:

Ammonia (regulation and safeguards to
use, hydrogen or electrolysis)

Hydrogen?

Aviation

Present:

Jet-Al fuel, 1-2 biofuel flights
NOx regulated emissions

Short term:

Sustainable aviation fuels (biofuels to
efuels) ; e-fuels need carbon capture
and green energy

Hybrid systems

Longer term:

Hydrogen — needs airframe changes
and cryogenic storage

Fuel cells?
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) SURFACE AIR TEMPERATURE ANOMALY - 2023
15°C Annual averages, since 1967 2023** Reference period: 1991-2020  Data: ERAS » Credit: C3S/ECMWF
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Global Annual Shipping Emissions from 1960 to 2022
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Additional warming due to low-sulphur marine fuels (C)
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Additional warming due to the shift to low-sulphur marine fuel

Across different estimates of radiative forcing, in C.
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Temperature change (°C)
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Temperature change (°C)
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Temperature change (°C)
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Lee et al. 2021

Global Aviation Effective Radiative Forcing (ERF) Terms
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Radiative Forcing (mWm~2)

Temperature change (°C)

Aviation climate impact: historic and covid recovery base scenario
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Temperature change (°C)
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. A cost-effective and scalable way Al is helping
to mitigate aviation's climate impact
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Temperature change (°C)

no mitigation

2100 temperature resj

0.16
0.14
0.12
0.10 1
0.08 1
0.06
0.04
0.02

0.00 -

2025

2100

BN Coz
Y non-C0O2

Co2 only non-C02 C0O2 and
+non-C02 only+C02 non-Co2
growth growth




Fuel & technology
Range in 2035

Fossil Jet Fuel - Base Case
All Ranges

Virgin Oil HEFA
All Ranges

Waste Oil HEFA
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Green Hydrogen Fuel Cell
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Conclusions

* Net zero for shipping better for climate and air pollution than not going net zero, provided
NOx from ammonia controlled. Non-CO2 effects expected to reduce.

» > Solutions add cost but look doable, not a lot of efficiency gains

* Net Zero CO2 2050 aviation will likely need both demand growth controls, efficiency
improvements, alternative fuels and offsets/removals. Non-CO2 impact will be significant

* Alternative fuels may help with reducing contrail impacts

* Contrail avoidance by flight routing changes or demand reduction can be used to reduce non-CO2
impact.

» Question on timeline of alternative fuels at scale and duel infrastructures
» Air quality climate tradeoffs for NOx but will persist for both aviation and shipping



Current warming trends, non-CO2 forcing,
and the question of 1.5°C

Temperature trend ( °C decade™?)

Decadal trends
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Current warming trends CONSTRAIN

(ULTI-DECADAL CLIMATE PROJECTIONS.

NEAR-TERM GLOBAL WARMING RATES
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CONSTRAINING UNCERTAINTY OF MULTI-DECADAL CLIMATE PROJECTIONS.

Research & innovation gaps

* Understanding near-term warming trajectories, emergence of
mitigation benefits, and contribution of different climate forcers



CONSTRAINING UNCERTAINTY OF MULTI-DECADAL CLIMATE PROJECTIONS.

Supplementary/alternative/slides to have in back pocket
below



,f;\\ Climate Change Tracker = Share link @

Indicators of Global Climate Change for Policy Makers
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What is the role of non-CO2 emissions?

decadal warming rate [°C/decade]

Average decadal warming over the next 20 years (2021-2040)
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CONSTRAINING UNCER LTI-DECADAL CLIMATE PROJECTIONS

* Theinterplay between
aerosols and non-CO2
GHGs (predominantly
CH4) strongly affects the
near-term response

Improved understanding
of non-CO2 forcing
contributions is critical to
understanding near-term
warming



® Gigatons of CO,-equivalent emissions (GtCO-eq/yr)

Limiting warming to 1.5°C and 2°C involves rapid, deep and
in most cases immediate greenhouse gas emission reductions

Net zero CO, and net zero GHG emissions can be achieved through strong reductions across all sectors

a) Net global greenhouse
gas (GHG) emissions

2019 emissions were
\[ 12% higher than 2010

- | d lici Implemented policies result in projected
= Implemented policies emissions that lead to warming of 3.2°C, with
: —— arange of 2.2°C to 3.5°C (medium confidence)

1;.-: i Nationally Determined
! : Contributions (NDCs)
-~ range in 2030

Key

Implemented policies
(median, with percentiles 25-75% and 5-95%)

= Limit warming to 2°C (>67%)

Limit warming to 1.5°C (>50%)
with no or limited overshoot

Past emissions (2000-2015)

it
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0 1.5°Cc

,  Past GHG emissions and uncertainty for
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CONSTRAINING UNCERTAINTY OF MULTI-DECADAL CLIMATE PROJECTIONS

IPCC AR6 SYR Fig SPM5
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Quaas et al. (2021)

Google Research (2023)

Project Contrails

A cost-effective and scalable way Al is helping
to mitigate aviation’s climate impact

Watch the story of this research \
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What is the role of non-CO2 emissions?

CurPol ModAct IMP-GS Net GHG
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Figure 3.7 | The residual fossil fuel and industry emissions, carbon dioxide removal (CDR) {LUC, DACCS, BECCS}, and non-CO, emissions (using AR6
GWP-100) for each of the seven illustrative pathways (IPs). Fossil CCS is also shown, though this does not lead to emissions to the atmosphere (Section 3.2.5).
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