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New Space and the Continued Need for Space Debris Mitigation 
 

○Stijn Lemmens (ESA) 
 
 
The on-going revolution in the way the space environment is used, with ever smaller and more 
versatile platforms and the deployment of large constellation, is creating not only opportunities but 
also concerns when it comes to assuring the long term sustainability of outer space for operations. 
Space debris mitigation, and remediation, requires to use the data being produced by space situational 
awareness systems to design technologies to be implemented on space missions, based on a solid 
scientific understanding of the environment. At the European Space Agency’s (ESA) last ministerial 
council in 2019, its member states endorsed the creation of a Space Safety programme to, among 
others, address some of the challenge which are coming up. This includes the development of 
surveillance sensors and new data products such as attitude motion, a platform for automated 
collisions avoidance operations, technologies to aid safe disposal and re-entry, and a mission to 
demonstrate the viability of active debris removal by removing an ESA owned object from orbit. This 
is complemented with a research component in ESA’s Space Debris Office, looking into, among others, 
uncertainty quantification and metrics to assess the orbital use of the environment. 
This lecture will give an overview of how the changes in the space environment has driven the need 
for the new developments in technologies which are taking place at ESA. The focus will be on how the 
new space situational awareness capabilities are needed for evolutions in space debris mitigation, 
such as the development of rating schemes, and enablers for active debris removal.  
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Mathematician by education, turned general
“space” engineer after finding out about Active
Debris Removal concepts.

With the European Space Agency’s Space
Debris Office since 2011, first as software
developer, since 2015 as space debris
mitigation analyst, now as senior analyst
involved technology developments and
working towards space sustainability.

Role: The development and maintenance of
an infrastructure in support of ESA’s
commitment on space debris mitigation and
risk reduction for ESA and its member states
(and the world at large). Chair and member of
international bodies related to space debris
mitigation and space traffic management.
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New Space and the continued
Need for Space Debris Mitigation 
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Overview

1. New Space, the ongoing evolution of how we use the near Earth environment and 
its implications.

2. European Space Agency’s Space Safety programme. Focus points for debris 
mitigation and research.

3. What is next? From changing environment to new technologies and active debris 
removal (, back to measuring the impact).

33

Abstract
The on-going revolution in the way the space environment is used, with ever smaller and more versatile platforms

and the deployment of large constellation, is creating not only opportunities but also concerns when it comes to
assuring the long term sustainability of outer space for operations.

Space debris mitigation, and remediation, requires to use the data being produced by space situational awareness
systems to design technologies to be implemented on space missions, based on a solid scientific
understanding of the environment. At the European Space Agency’s (ESA) last ministerial council in 2019, its
member states endorsed the creation of a Space Safety programme to, among others, address some of the
challenge which are coming up. This includes the development of surveillance sensors and new data products
such as attitude motion, a platform for automated collisions avoidance operations, technologies to aid safe
disposal and re-entry, and a mission to demonstrate the viability of active debris removal by removing an ESA
owned object from orbit. This is complemented with a research component in ESA’s Space Debris Office,
looking into, among others, uncertainty quantification and metrics to assess the orbital use of the environment.

This lecture will give an overview of how the changes in the space environment has driven the need for the new
developments in technologies which are taking place at ESA. The focus will be on how the new space
situational awareness capabilities are needed for evolutions in space debris mitigation, such as the
development of rating schemes, and enablers for active debris removal.
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2015-…
Improved 
surveillance

10/02/2009
Cosmos-Iridium 
collision
3294 new objects

Realities on orbit #1

11/01/2007
Chinese anti-satellite 
test
3439 new objects

5

New Space: Changes in the Environment

Constellations of a single mission
(> 7000 LEO satellites)

Large
Complex, 
institutional 

Lean, 
agile, 

commercial
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Realities on orbit #3: changing LEO usage trends

hp: perigee altitude

Iridium
Globalstar

Small Sats

Starlink

7

Realities on orbit #2: Stable GEO usage trends

hp: perigee altitude
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Realities on orbit #6: Fragmentation trends

Unknown Accidental Propulsion Electrical Aerodynamics Anomalous Deliberate Collision

Number of fragments

9

Realities on orbit #4: Use of constellations

Iridium
Globalstar

Iridium Next
Flock (>200)
Spire (>70)

Starlink
(> 1000 since 2019)
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Space Debris Mitigation Objectives: Sustainability

Limitation of debris 
released during 
normal operations

Prevention of 
on-orbit collisions

Post-mission disposal

Minimisation of the potential 
for on-orbit break-ups

Limitation of on-ground risk 
due to re-entry

11

Realities on orbit #6: Collision avoidance in LEO

Payload-related debris

Rocket-related debris

Satellites (& constellations)
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Post mission disposal: LEO Rocket Bodies

90% success rate requirement

13

Post mission disposal: GEO Payloads

90% success rate requirement
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Post mission disposal: LEO Payloads

CD:       Compliant with direct re-entry
CWFB: Compliant with attempt where the destination orbit 

would not have been compliant (with False Before)
CWTB: Compliant with attempt where the destination orbit

would have been compliant (with True Before)
CWO: Compliant without an attempt
NCWFB: Not compliant with attempt where the destination orbit 

would not have been compliant (with False Before)
NCWTB: Not compliant with attempt where the destination orbit 

would have been compliant (with True Before)
NCWO: Not compliant without an attempt.

12% small 
objects left in 
long-life orbits 
with no 
manoeuvre 
capability

Worst 
performance 
(compliance ≈ 
35%) in the 10-
1000 kg range
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Post mission disposal: LEO Payloads

90% success rate requirement

Iridium 
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KONSEQUENZEN EINES EINSCHLAGS 1 Core 

• Space Weather service 
development

• Hosted instruments

• NEO sensor development
• Operational impact warnings

• Debris Processing S/W, laser tech.
• Mitigation technology
• Environment Impact Assessment

1717

Since 2020: 1 Space Safety Programme, 5 Areas

Core

Space Weather L5 Mission

HERA

In-Orbit Servicing/Removal Mission

CREAM

1

2

3

4

5
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S2P Core – Space Debris

Space-based Optical Component
Small-sized space debris characterisation from a 

LEO mission (hosted & demo mission)
• Current TRL / Heritage

• Pre-studies (2005)
• Detection algorithm prototyping (mm-sized)
• Phase A mission design (2015)
• Breadboard, test-bed, algorithm risk reduction

• In the pipeline:
• Engineering model, ground segment, 

qualification (“instrument C/D”)
• Flight opportunities for hosted payload to 

demonstrate ~2024
• Full mission ~2030

19

S2P Core – Debris Technologies 

2010                            2015                                   2020                       2025               2030           

M
iti

ga
tio

n

R
em

ed
ia

tio
n

Space-based optical observations

Hosted optical
instrument payload C/D

Small optical 
detection mission, 

hosted PL
pre-studies

Breadboard
and test-bed

Ground-based laser evolvement

ESA LRS coop. targets
Ranging to large debris

SLR on small 
targets/daylight

initial tool
Space object attitude characterization

Attitude catalogue

Expert Centre development
First deployment

External
deployment Test operations

On-orbit and on-ground risk models, Space Debris environment modelling

Impact sensors

Study results
Environment Impact Assessments

Debris Mitigation Facility
Baselines

Laser-based momentum transfer
System study results LRS with higher power

Momentum transfer 
(light objects)

Momentum transfer 
(large objects)

Baselines

Community Approach for Processing Software

Initial version
Space Situational Awareness software developments

Th
re

at
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et
ec

tio
n,

 C
ha

ra
ct

er
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at
io

n,
 Im
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ct
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ss
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Cheia Tracking RadarDevelopment of 2 breadboard radar systems 

Small optical 
detection full 

mission

Operational Implementation

Mission Implementation Experience
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S2P Core – Space Debris
Laser Ranging to non-cooperative Targets
https://conference.sdo.esoc.esa.int/proceedings/neosst1/paper/116/NEOSST1-paper116.pdf

21

S2P Core – Space Debris
Laser Ranging to non-cooperative Targets

• Satellite Laser Ranging for non-cooperative targets 
for independent detection and tracking of un-known 
non-cooperative targets for space object cataloguing

• Successful first demonstration experiments are 
promising 
• Need for networking, “stare and chase”
• Laser ranging demonstrated during daytime

• Support to European technology development
• ESA build laser ranging station (LRS) on Canaries

宇宙航空研究開発機構特別資料　JAXA-SP-21-00174

This document is provided by JAXA.



24

Trackability, Attitude, and Identification solutions

1. Radar Passive Electrical Dipole
2. Active Radar Repeater
3. Inverse Synthetic Aperture Radar 
4. Passive Optical Tracking
5. Passive Laser Retro-reflector

6. Modulated LED
7. Coloured LED
8. Modulated Laser
9. Space Transponder
10.Radio Beacons

https://cddis.nasa.gov/lw21/docs/2018/pres
entations/Session6_Wang_presentation.pdf

https://www.thorlabs.com/navigation.cfm?
guide_id=2539

https://digitalcommons.usu.edu/cgi/viewcontent.cg
i?article=4451&context=smallsat

23

Emerging trends: small satellites & trackability issues
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Mitigation Technologies: Clean Space

25

S2P Core – Space Debris

Re-entry & Impact Safety
Significant knowledge and implementation gaps, and routes to address them, have been established but 
not brought to full maturity. 

Shape-effect modelling for risk evaluation
• Leverage computational and test facilities to close known gaps.
Creation of material and component databases for high risk objects
• Demonstration a process based risk methodology aiming to significantly reduce licencing/verification 

work by creating databases (MBSE).  
Baseline for a generic re-entry break-up instrument
• low-cost & generic flight sensors to hook on missions with controlled re-entry or short orbital lifetimes
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Mitigation Technologies: CleanSat

Evolved LEO 
Platforms

Space Debris Mitigation Requirements

DEORBITING CASUALTY RISK

Passive 
deorbit 
systems

Active 
deorbit 
systems

Design for 
Demise

RELIABILITY

Autonomous
deorbit 
systems

PASSIVATION

Power 
systems

Propulsion 
systems

Demisable
TANK

Demisable
RWs

Demisable
MTQ

Electric 
passivation in 

PCDU

Fluidic 
Passivation 

Valve

Propulsion 
upgrade for 
controlled 
reentry

De-orbit 
add-on kit

RW: Reaction Wheel

MTQ: Magnetorquer

PCDU: Power Conditioning 
and Distribution Unit

Selection of priority building blocks
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Mitigation Technologies: Life Cycle Assessment

Consumption of
non-energy natural 

resources

Energy 
consumption

Emissions to air

Emissions to water

Emissions to soil

Waste

Mineral resource
depletion

Global 
Warming

Ozone 
DepletionAir acidification

M
ul

ti-
st

ep
s

M
ul

tic
rit

er
ia

Fossil resource
depletion

To quantitatively assess the potential environmental impacts of a product or service
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Mitigation technologies: DISCOS(web)
Database and Information System Characterising Objects in Space:
Agency’s single source on space debris data, supporting operations

Partially publically accessible (~500 worldwide users):
• https://discosweb.esoc.esa.int
• Graphical user interface, targeted to human users
• Shares information on:

• Objects (incl. physical properties)
• Fragmentations, Re-entries
• Launches, Launchers and launch sites
• Countries and organisations

• https://discosweb.esoc.esa.int/apidocs
• API available for everyone, Same data as GUI
• Enables app development

29

Mitigation technologies: software

https://sdup.esoc.esa.int/

~3000 worldwide users

 DRAMA (3.0.4)

 MASTER (8.0.2)

 Environment Report

 Documentation, support, howto’s

https://sdup.esoc.esa.int

“The aim of DRAMA is to support the objectives of the ESA Space Debris Mitigation 
Requirements by enabling satellite programs in to assess their compliance with the 
recommendations contained in that document.”
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Towards automated collision avoidance systems

Collision 
analysts

Flight control 
team

Current approach Known risks and opportunities

Expected increase in conjunction alerts (improved
sensors & constellations)

On-going research of techniques such as machine
learning to predict the likely evolution of an event.

On-going research of techniques such as uncertainty
quantification allows to get a better grip on the
situation.

ESA released a dataset with collected conjunction alerts
for researchers to test their algorithms.
https://kelvins.esa.int/collision-avoidance-challenge/data

F. Pinto et al, NeurIPS, 2020

3131

Since 2020: 1 Space Safety Programme, 5 Areas

Core

Space Weather L5 Mission

HERA

In-Orbit Servicing/Removal Mission

CREAM

1

2

3

4

5
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Since 2020: 1 Space Safety Programme, 5 Areas

Core

Space Weather L5 Mission

HERA

In-Orbit Servicing/Removal Mission

CREAM

1

2

3

4

5
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Collision Risk Estimation and Automated Mitigation
 1. Automated avoidance manoeuvre decision and design

robustness, explainability, data fusion, global optimisation

 2. Development and test of late commanding paths and operations concepts
on-ground and in-space processing, platform constraints, 
data-link constraints, demonstration

 3. Means for coordination of operators and catalogue providers
coordination protocols, efficiency, resilience, traceability

 4. Software technologies supporting CREAM
communication protocols, access control, data integrity, validation, encryption

 5. Rules4CREAM
simulation and assessment of possible rulesets for Collision Avoidance in STM
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 Active debris removal with unprepared
target is very challenging…

ENVISAT 
Retroreflector

Debris are not designed for 
capture 

Debris objects spin

Missing Capture interfaces

If not prepared, each satellite ADR 
solution would be different

Active Debris Removal: issues

3535

ClearSpace-1: deorbiting a VESPAADRIOS – De-Orbiting VESPA (2025)4
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In-Orbit Servicing: Enablers
Enabling satellites in LEO/GEO for servicing through standardized interfaces / technologies e.g.:

• Design for removal for Copernicus/LEO 
• Design for servicing for GEO satellites

ASSIST – Standardised
Refuelling Interface

Credits: GMV

Gripper (left) and passive standardized 
interface for capture (right)

Credits: GMV/AVS

Rendezvous markers for close 
proximity Operations / Laser ranging

Credits: NTUA/TAS-F, GMV/AVS
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Active Debris Removal: issues
ENVISAT Tumbling Motion
• Synchronised motion with high rates

 RCS thrusters sizing 

• Large uncertainty box 

 Long robotic arm needed 

• Sizing for torques of robotic interface

• Complex trajectory planning to avoid 
appendages

• Complex CAM planning

• RdV cameras + scanning LIDAR 

 No-markers for relative navigation

Design for Removal
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What is next? Towards environmental impact assessments

Mission types -> Changed , Technologies used -> Changed, The environment -> Changed
How to effectively mitigate space debris in an every changing context?

Can one measure for each mission or group there-of
• How detrimental is it to its orbital neighbours? (short-term, collision avoidance is now a fact of life)
• How does it contribute to the Kessler syndrome? (long-term, the raison d'etre for debris mitigation)

3939

39 ADRIOS – Mission4
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What is next? From object to environment capacity 

Disposal Reliability

41

What is next? Object impact assessment (interference)

Constellations (> 7000 LEO satellites)
Letizia et al, https://conference.sdo.esoc.esa.int/proceedings/sdc7/paper/417/SDC7-paper417.pdf
Letizia et al, https://www.sciencedirect.com/science/article/pii/S009457651930222X
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Concluding remarks

New Space, the ongoing evolution of how we use the near Earth environment has 
implications:

1. Increased focus on operating in a congested environment: improved/additional 
sensors such as laser ranging and automated collision avoidance.

2. Adoption of space debris mitigation requirements are still too low: Investment into 
technologies to improve compliances for all.

3. The environment changes faster than the mitigation counter-measures: need to 
become adaptive, rather than reactive, by quantifying impact and interference.

43

What is next? Towards environmental impact assessments

Which is the impact of operating at different altitude 
from the space debris point of view?
(e.g. for large constellations)

Which is the impact of having/not having propulsion 
capabilities?

Which is the impact of implementing a mission with a 
single large satellite vs a fleet of smaller ones?

Which is the impact of using passive disposal 
systems?
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THANK YOU
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