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@ The only activity impacting all layers of the atmosphere

MESOSPHERE

STRATOSPHERE

OZONE .
LAYER Detailed moc.iels.and
abundant scientific

results

Some uncertainties remain

in specific areas, but overall
TROPOSPHERE impacts are well

- .
T characterized.




@ Climate impacts beyond the troposphere...

MESOSPHERE

! contribute to radiative
forcing (500 times more
e than at aircraft altitudes)
REENTRIES o 11 mW/m? (Ross et al. 2014)
l o 4.4mW/m? (Ryan et al. 2022)
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@ A sector on its launchpad...
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@ ...which is expected to stay in orbit

Payload mass launched [kt/year]
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> Summary

Uncertainties about the impact, not about the existence, of the non-Co2 effects
(particles).

Non-CO, effects have an impact both during launch and during re-entry.
Space activities impact the climate and the ozone.

Significant increase in the number/mass of satellites in orbit over the last
decade despite the previously mentioned uncertainties.
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Questions and reactions

Convinced, skeptical, motivated?
Let's talk about it!

Contacts
jdoche@ensc. fr



mailto:jdoche@ensc.fr

»  Launch-related emissions

MESOSPHERE

Launchers

Boosters Ariane 5&6, Titan
[1&IIl, Atlas V, SpaceShipTwo

Propellants

Al/NH4CIO4
HTPB (SRM - Solid propellant
rocket motors)

STRATOSPHERE Ariane 5&6, Delta IV, Atlas V....

LOx/LH2

Long March 1-4, Proton, Third
0ZONE stages

N204/UDMH, N2H4

LAYER Falcon 9, Soyuz, Electron, Atlas
V, Longue Marche 6-8

LOx/RP-1 (kerosene)

Starship, Maia

TROPOSPHERE

LOx/méthane, propane,...

Greenhouse gases
Particles

Harmful to the ozone layer

HCI/CI, H20, C02, NOx, Al203,
soot

H20, H2, OH, NOx

H20, N2, CO2, NOx, soot

C02, H20, OH, NOx, soot

C02, H20, OH, NOx, soot

Emission levels vary
depending on altitude and
launcher type.
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/rew aé/'ec tive

methode availabfe

» Towards new metrics?

Critical . put
applications %“/8‘/9561 uant’F' 'mP”“ctg'l
/ 3 |
‘%%c Svou, l'tﬂe'k"o ’
International O a/ !
cooperation .
1\
7\ y
Law enforcement -4 @
and monitoring
Optical
pollution dgpflzzin
Earth { )
observation
Space debris |
® b ¥
Resource
: scarcity Energy ‘ ;
Direct scarcity %
emissions Ty

AERO
DECARBO



y | The impacts of space: diverse, overlooked, and hard to see?

Consider the full value

Consider all impacts!
Even the less visible or

in! .
- chain! less direct ones should
LY & be taken into account
L ) for a sustainable
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> TECHNO-OPTIMISME: CONTREDIT PAR LE PASSE

Contredit par les tendances historiques

NOUS DENRIONS

FOLALISER NOS EFFORTS
SUR. LES TELHNO LOGES .
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CHANGEMENT
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(Référentiel Aviation-Climat ISAE-SUPAERO)
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