31st Workshop on Space Technology for Socio-Economic Benefits:
"Space Sustainability as a Game-Changer for Development”

The Dark Side of Space:
addressing the space debris crisis

Dr. A . K. ANIL KUMAR

IAF Vice President for Relations with International Organizations

Associate Director, ISTRAC, Indian Space Research Organisation



Space Debris 7
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Historical accumulation of debris

Monthly Number of Objects in Earth Orbit by Object Type
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Kessler Syndrome & Protected Regions 4

Kessler’s Syndrome

* A hypothetical scenario postulated by Donald
Kessler (1978)
« Fragments generated from collisions between

debris result in catastrophic cascade of
collisions among orbiting objects

A. Low Earth orbit (LEO) protected Region
till 2000 km altitude
B. Geosynchronous protected Region

GEO altitude +/-200 km and +/-15 deg latitude

Low- Earth Orbit (LEO)

Region B

Geostationary Earth '
regiona Orbit (GEO)

Credit: CNES

1})
cones

Unique, densely populated and highly utilised =
Any debris creation within these protected zones
severely affects safety and sustainability of
space operation.




Aftermath of Debris Impact 5

Hyper velocity Impacts: even a paint flake can cause significant damage !

Impact with
objects > 10
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Smaller sized
debris more
difficult to
“catalog”
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On-Orbit Collision, Fragmentation, Re-entry :

9 Months after breakup

— ‘

—
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Observation

Extrapolation of incomplete

data, statistical models

« Detected samples from
ground based sensors

36000 1 * Returned spacecraft (LDEF,

Regular tracking and monitoring with
ground and space based sensors
Radar, Optical Telescopes, Lasers,
passive RF

A

Solar Max)

i « Active, in-situ measurements
= 10000 in orbit (ISS, EURECA, US ‘
=~ Space Shuttles) _J ! Collision avoided in this
@ region using orbital info of
g debris objects
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= 2000 T Mission catastrophic
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Space Debris Mitigation :

21 UN-accepted guidelines for Long-term
sustainability of outer space activities

UN-COPUOS

Limiting debris Collision Avoidance
release during
normal operations

1ISO-24113

/

NASA-STD-8719.14, JMR-
003, ESA Space Debrls
Mltlgatlon Policy, FSOA,

GOST, QJ 3221

Preventing on-orbit Post Mission
break-ups Disposal




Remediation 9




Active Debris Removal Technigques

* Net

* Harpoon

* Robotic arm

» Tentacles

« Sweeper

» Chaser / Space

Tug

« Expanding Foam
 Inflated balloon
* Fibre based

* lon Beam
Shepherd

* Laser ablation

 Artificial
atmosphere
Influence

 Electrodynamic
Tether

» Solar salil
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Current and Future Challenges, Way ©
forward

Accurate observations of growing population demand more
measurements

= EXisting procedures & mechanisms
inadequate to cope with future
needs

More observational facilities with geographic diversity BN ohflicting requirements of ensuring

DatiSyt i sustainability without stifling
Space based surveillance to complement ground-based Innovation
measurements

= Public-private Partnerships can offer
Small satellites without trackability and maneuverability, novel solutions
failure-proneness

Proliferation of large constellations —increase in on-orbit m
collision risks and interference by several orders- increased :
complexity for traditional space actors rules and regulations for launch, in-

: . : orbit operations, re-entry phase
Lack of standardized methods for coordination and risk

assessments regarding spaceflight safety

Cumulatively adverse effect on upper atmosphere due to re- Space Domain awareness:

entering debris and increased ground casualty risks Supplement SSA with additional
information and intelligence



Conclusion 12

Space debris are undesirable consequences of space activities, pose collision risks to space
assets and ground casualty risks upon atmospheric re-entry

Accurate knowledge of debris position and characteristics essential for informed decision
making to safeguard space based infrastructures vital for economy and security

Observation and modelling of debris environment and risk assessment through space
situational awareness is the crux of sustainable and safe space operations

As of today, mitigation is the only way to control the space debris growth, growing awareness
contributes to better compliance.

Remediation (Active Debris Removal, on-orbit servicing) is essential to stabilize LEO object
growth, but challenges remain in technological and policy-related fronts

Multiple large constellations and small satellites without maneuverability and trackability add
to on-orbit collision risks and proliferation of debris.

Present situation — a call to action by all space actors to preserve the sustainability of space
activities, where International cooperation plays a crucial role.



