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Why Active Debris
Removal?
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Why Active Debris

Removal?
ESA ClearSpace-1 ESA CAT

Active Debris Removal

Astroscale ELSA-M Astroscale ADRAS-J

» ESA - ClearSpace-1.

» ESA - Satellite removal mission CAT.

» ADRAS-J Mission | Astroscale's Debris Inspection Milestone.
» ELSA-M Mission | Commercial Satellite EOL by Astroscale.
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Is Active Debris Removal beneficial?
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THEMIS index

Tracking the Health of the Environment and Missions in Space
One index for the

teoL tend ty « Operational phase
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Direct removal

1. SV launched to SC operational orbit
2. Rendez-vous @ @

3. Re-entry of the system

______ -=" %_'_‘1_ . Success
,/’ ) X [ SC fails at hy, ] Rendez-vous | nropability agy,
] % 3 No Yes
2 %%

SC - Spacecraft promsmfﬁij SVre-entry SCrsVre-entry ggggae;ﬁty (Re
Operationalorbit | Mass Noy ) Yes

SSO at 815 km 1100 kg [ SV fails at h,, ] [ SV re-enters ]
SV - Service Vehicle [ No Yes .
m { SC+SV system J [ SC+SV system ]

SSO at 815 km 180 kg fails at hop re-enters

I" =1 —agp)l; + agy(1 — agp)l; + agyarelyom

» Letizia F., Lemmens S., Krag H., Environment capacity as an
early mission design driver, Acta Astronautica, 2020.
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Direct removal ADR m— = [ig 6 Ratio of THEMIS index values
o ool for ADR mission and natural decay.
Sensitivity on: No action 03
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If rendez-vous succeeds, re-entry becomes 09 .
crucial to avoid failure of both SC and SV at h,,,. -
. . . =0 ADR
THEMIS index for ADR is generally higher than =
nominal PMD within 5 and 25 years o 25yPMD

0.2
0.1

BUT: test case operates at 815 km Fig. 8 Ratio of THEMIS index values for

ADR mission and PMD within 25 y.
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Direct removal

Sensitivity on:
X'mass of the target satellite*
Y Operational altitude of the target satellite h,,
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- Fig. 9 Sensitivity matrix of
5 THEMIS index value for
ADR mission with respect
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THEMIS index

800-900 km, which are high effect regions in THEMIS

THEMIS index scales with mass

*N.B. The mass of the service vehicle performing ADR is kept
constant. a values all set to 90%.
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Removal with relocation
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Removal with relocation

Sensitivity on:

« Success probability of relocation (SV or SC) ag,,

X Success probability of direct re-entry (SV or SC+SV)
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Y Success probability of rendez-vous agy
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Fig. 13 THEMIS index average maximum
variation due to ag;, agy, Agg-

ag; is the parameter that influences the most
the index value
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Removal with relocation

Sensitivity on:

X Rendez-vous altitude for
ADR removal h,.,

Y Operational altitude of the
target satellite h,,
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Fig. 15 Sensitivity matrix of THEMIS index value
for ADR mission with respect to h,, and h,.,,.*

*N.B. h,, values higher than h,,, are discarded. a values all set to 90%.
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Is Active Debris Removal Beneficial? An Environmental Risk Analysis with

THEMIS 1.0

It depends

An ADR mission involves deploying an additional
satellite into an already hazardous environment, which
inherently increases the overall environmental risk

High reliance of the mission phases is crucial
ADR mission profile plays a fundamental role

The most densely populated and hazardous regions of
the space environment are those where mitigation
measures are most urgently needed

Nominal PMD can be more beneficial in risky regions

b

- Trééking fhe Héalln of the Environment and Missions in Space
) o, 3 e

Mission-based environmental
indicators can be used for ADR
mission design and long-term
mitigation planning
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