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' Non-CO2 emissions and climate

What are ‘non-CO, emissions’? (as distinct from ‘effects’)

Aircraft emissions and climate change
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+——————— Increasing policy relevance

Climate change Changes in temperatures, sea level, ice/snow cover, precipitation, etc.
v . ‘l' : n
Impacts Agriculture and forestry, ecosystems, energy production and consumption,
human health, social effects, etc.
Damages | Social welfare and costs I

Lee et al. (2009), based on Prather et al. (1999) and Wuebbles et al. (2007)

https://authoring2013.icao.int/Meetings/SymposiumNonCO2AviationEmissions2024/Documents/1-%20David%20Lee%20PPT.pdf



Uncertainties

Global Aviation Effective Radiative Forcing (ERF) Terms
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Lee et al. (2021) Atmospheric Environment

https://authoring2013.icao.int/Meetings/SymposiumNonCO2AviationEmissions2024/Documents/1-%20David%20Lee%20PPT.pdf



' Contrails

Contrail formation and climate effect
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Karcher et al., Nat Comm, 2018; Teoh et al., ACP, 2024

https://authoring2013.icao.int/Meetings/SymposiumNonCO2AviationEmissions2024/Documents/DLR_Christiane%20Voigt_NonC02%20Symposium_2024_Panell.pdf



' Contrails

vPM role in contrail formation?

Great Potential of SAF and Advanced Combustor Technology
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Need to understand
engine particle
emissions in the “sooft-

poor” regime in order to
connect to contrail
formation and climate
impacts

Emissions reductions
also beneficial for
air quality
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Figure adapted from Karcher, Naoture
Communications, 2018.

Number of Nucleated Contrail Ice Crystals
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Moore et al., Nature, 2017; Voigt et al.,
Nature Comms. Earth & Environ., 2021

Rich Moore (NASA) TAC-5 talk 2022

https://authoring2013.icao.int/Meetings/SymposiumNonCO2AviationEmissions2024/Documents/2-%20Miake-Lye%20vPM%20non%20C02%20.1.pdf



' Potential measures to address contrai

Potential for contrail reduction a

(1) Short to mid term: Climate optimized flight routes to avoid contrails
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Teoh et al., ACP, 2022; 2023; 2024; Martin-Frias et al., 2024; Bourassa et al., 2024; Niklass et al.,J2023; Grewe et al., 2019




' Potential measures to address contrai

(2) SAF and engine technologies reduce CO, footprint and contrails

Low aromatic, high H fuels reduce soot and ice particles and the radiative forcing from contrails
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https://authoring2013.icao.int/Meetings/SymposiumNonCO2AviationEmissions2024/Documents/DLR_Christiane%20Voigt_NonC02%20Symposium_2024_Panell.pdf

Soot particle number per kg of fuel

Global annual mean RF contrails in 2018 (72mW/m?)
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Radiative Forcing in mW m

A Radiative Forcing in mW m?

Moore et al., Nat., 2017; Voigt et al., Comm EE, 2021; Markl et al., ACP, 2024, Dischl et al., Harlass et al., acc. ACP, 2024
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Highlights

* Need for further research on cause and effect (e.g., vVPM)
* Need to reduce uncertainties

* Potential opportunity on opperational measures, with
associated consequences

* Regulations already put in place
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