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Sustainability of Space Activities

Objects >10cm in LEO

Implementation of guidelines

Limits of current guidelines
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ESA’s Space Environment Report, 2022

The objective of
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The dynamics of the space
environment

The different ways of being
compliant
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Towards space environmental impact assessments esa

Missions compliant with SDM
guidelines can still have significant
different risk levels in terms of
potential debris generation and
debris environment impact

Can one measure for each mission oL

strategy

« How detrimental is it to its orbital neighbours?
(short-term)

Operational
orbit

Distribution
of active
satellites

« How does it contribute to the Kessler syndrome?
(long-term)

Collision
avoidance
strategy

Debris
population

Use of a risk metric at single mission level

F. Letizia et al, ASR 58(7), 2016
F. Letizia & S. Lemmens, 8t ECSD, 2021 3
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Space Environment Capacity - definition esa

. N
\y"@*@ UNITED NATIONS
=2 Office for Outer Space Affairs

The Earth's

orbital environment

CO nStItUteS a | inactive payloads
finite resource

active satelliteS

rocket bodies

#LTSGUIDELINES
#SPACESUSTAINABILITY

Space Sustainability Space Environment Capacity
Equitable access to safe operations in number & type of missions compatible with the
space, now and in the future stable and low risk evolution of the environment
H. Krag, S. Lemmens, F. Letizia, 15t ICSSA, 2017 4
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Space Environment Capacity - concept esa

number & type of missions compatible with the stable and low risk evolution of the environment

Celling Can be estimated through long-term simulations of the
(O EUET o [{Ie VO RIS I €nvironment (€.g. baseline scenario)

Capacity available for Could use allocation
newé&active missions mechanism

Changes dynamically
with the evolving
environment

Capacity consumed by

non-functional objects

0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80 84 88 92 96 100
Year

ERB ONPL EAPL

RB: Rocket Bodies | NPL: Inactive payloads | APL: Active payloads 5
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Space Environment Capacity - scenarios

Reference Fragmentation
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Year Year
Low PMD ADR
0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80 84 88 92 96 100 0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80 84 88 92 96 100
Year Year
RB: Rocket Bodies | NPL: Inactive payloads | APL: Active payloads | PMD: Post-Mission Disposal | ADR: Active Debris Removal 6
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Space Environment Capacity - targets

Global greenhouse gas emissions and warming scenarios

- Each pathway comes with uncertainty, marked by the shading from low to high emissions under each scenario.
- Warming refers to the expected global temperature rise by 2100, relative to pre-industrial temperatures.

Qur World
in Data

Annual global greenhouse gas emissions
in gigatonnes of carbon dioxide-equivalents

150 Gt

No climate policies
4.1-48°C

- expected emissions in a baseline scenario
if countries had not implemented climate
reduction policies.

100 Gt

‘Current policies
25-29°C

- emissions with current climate policies in
| place result in warming of 2.5 to 2.9°C by 2100.

50Gt

Greenhouse gas emissions

up to the present ‘Pledges & targets (2.1°C)

- emissions if all countries delivered on reduction
pledges result in warming of 2.1°C by 2100.

2°C pathways
1.5°C pathways

1990 2000 2010 2020 2030 2080 2090 2100

2040 2050 2060

2070

Last updated: April 2022
Licensed under CC-BY by the authors Hannah Ritchie & Max Roser.

Data source: Climate Action Tracker (based on national palicies and pledges as of November 2021).
OurWorldinData.org - Research and data to make progress against the world's largest problems.
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Risk level with respect to a reference scenario (e.g. 2014 PMD90)
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Methodology to track a baseline evolution
e.g. to achieve an acceptable change rate

F. Letizia, B. Bastida Virgili, S. Lemmens, 72" |AC, 2021 7
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