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OUR MISSION
To propose a solut ion to the problem of Earth orbital debris . 
We wil l discuss economic and environmental rat ionales whi le 
addressing pol i t ical , f inancial , and legal frameworks, along with 
technical solut ions and methods of rais ing awareness.

ORBITAL DEBRIS – A CALL TO ACTION
The Earth’s space environment is in danger. Since the launch of Sputnik 1 in 
1957, Earth’s orbital environment has been continual ly pol luted with man-made, non-

functional debris posing an ever- increasing risk to current and future space activ i t ies . 
According to the U.S. Space Survei l lance Network (SSN), there are about 

17,000 objects off ic ial ly cataloged in orbit , and an est imate of up to a 
few thousand bi l l ion non-cataloged items, with a combined mass 

of mil l ions of ki lograms. The debris populat ion is constantly 
growing as larger debris col l ide, creating the condit ions 

for a self-sustained col l is ional cascading process, named 
Kessler Syndrome, that would prevent access to space.
From the time when the issue has surfaced, there have 
been no indications that an effect ive solut ion wi l l be 
implemented in the near future. Such a solut ion wi l l 
require MITIGATION and REMOVAL of orbital debris . 
We addressed technological development, POLITICAL 
and LEGAL frameworks, FINANCIAL and BUSINESS 
aspects, and strategies of rais ing awareness at the 
pol i t ical and publ ic levels . The Space Debris Team 
Project proposes a solut ion with the goal to preserve 
access to space for current and future generations.

“The current  debris popu lat ion in  the 
Low Earth Orb it  reg ion has reached 
the po int  where the environment 
is  unstab le and co l l isions wi l l 
become the most dominant  debris-
generating mechanism in  the future.” 
-  L iou & Johnson ,  Science ,  2006
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ORBITAL DEBRIS MITIGATION 
is a set of cost-effect ive measures to reduce the creation of new 
orbital debris . The consensus among satel l i te operators is to 
implement debris mit igat ion measures throughout the mission l i fe . 
The UN COPUOS1 and the IADC2 actively promote debris mit igat ion. 
In 2007, they agreed upon seven orbital debris mitigation 
guidelines , which are to be voluntari ly complied by the 
member states. The guidel ines here are represented by color-
coded level of compliance.

Compliance with ISO3 structural design standards, improved 
armor, and re-entry requirements.

small < 1cm 1cm < medium < 10cm large > 10cm

armor shielding armor sheilding tracking
- advanced design conjuction analysis
- operational procedures collision avoidance

2  Minimize Breakup Potential

Deliberate destruct ion of orbit ing satel l i tes, in experiments and 
mil i tary test ing, creates a mult i tude of debris . I f unavoidable, 
it shal l be confined to an alt i tude low enough to ensure prompt 
debris re-entry . A prior approval should be requested from the UN 
COPUOS.

4 Avoid Intentional Destruction

40%

End-of-mission passivat ion via:
• Propel lant venting
• Depressurizat ion of highly pressured systems
• Permanent battery discharge
• Powering off momentum wheels
• Prevent accidental tr igger of self-destruct 		
  command

5  Prevent post-mission explosions
Remove non-functioning spacecraft from Geostat ionary Orbit (GEO) 
into “graveyard orbits” 300km above. The maneuver typical ly 
requires up to 3 months of stat ion keeping fuel . In the long-run, 
it wi l l even be necessary to bring GEO spacecraft back to Earth to 
avoid the congestion of the graveyard orbit .

7 Limit long-term presence in GEO

Remove non-functioning spacecraft from Low Earth Orbit (LEO) by either 
deorbit ing them with a control led propulsive maneuver or by accelerat ing 
their orbital decay with propulsive or non-propulsive technologies in 
compliance with the UN COPUOS’ “25 year rule.”

6 Limit Long-term Presence in LEO
Since col l is ion avoidance maneuvers demand 
advanced planning for operators, accuracy of 
col l is ion predict ion by conjunction analysis 
is crucial . Space Situational Awareness (SSA) 
capabi l i ty shal l be increased and in Space 
Traff ic Management (STM) effect iveness shal l 
be enhanced. Publ ic sharing of orbital and 
spacecraft data, as outl ined by the Space 
Data Associat ion (SDA) is crit ical .

3 Prevent accidental collisions

30%

50%
60%
70%

80%
Common countermeasures:
• Limited release of bolts, lens covers, etc.  
• Active capture of components
• Waste disposal mechanisms 
 
Scope for improvement:
• Avoid eject ion of large grains for sol id rockets
• Enlarging mass-to-area rat ios of adaptors

1  Limit Release during Operations 90%
100%

image credit: Museum History of Science 43

1  United Nations Committee on the Peaceful Uses of Outer Space
2 Inter-Agency Space Debris Coordination Committee
3 International Organization for Standardization



Active Debris Removal 
Technologies

Various removal technologies were assessed and compared according to SEVEN 
basic parameters. The most promising ones were chosen as part of recommendations 
for removal missions.

1 Technology Readiness Level
2 Feasibi l i ty

3 Risk

4 Total Cost

5 Reusabi l i ty

6 Time To Deorbit

7 GEO Adaptabi l i ty

?
So l a r  Sa i l sIn f l a t a b l e  Ba l l o o n s

Mo m e n t u m Ex c h a n g e  Te t h e r s

El e c t r o d y n a m i c  Te t h e r s

Gr o u n d-Ba s e d  La s e r s

Sw e e p e r s Io n  Be a m Sh e p h e r d s

Project ion of the orbital debris populat ion in LEO has demonstrated the need for 
Active Debris Removal (ADR) in order to keep the orbital environment sustainable 

and accessible for future space activ i t ies . In the last decade, many proposals for 
ADR technologies were developed, each with a unique set of strengths and 

weaknesses depending on the intended orbit , debris size, and operating 
principles. Some of these technologies were compared in a trade-off 
study to identi fy the potential candidates to be used for ADR of 
satel l i tes in LEO. Special attention was given to extra-large debris in 
high-incl inat ion LEO because they are the main cause of populat ion 
growth.
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ACTIVE DEBRIS REMOVAL SOLUTIONS

2 CAPTURE AND BALLOON 
INFLATION

CHASERS (XL)
Chasers are small spacecraft 
with robotic arms using electr ical 
propulsion to capture extra-large  (XL)
debris and chemical propulsion to perform 
control led deorbit . This type of spacecraft 

al lows deorbit ing a single XL debris 
object , but mult iple chasers may 

be packed in a single launch 
to save costs .

1 Rendezvous
2 Docking maneuver

3 Lowering orbit maneuver
4 Controlled re-entry

Defining a single solut ion addressing each category of debris is a chal lenging problem 
as removal technologies have different effect iveness depending on debris size. For this 
reason, the trade-off comparison has led to the select ion of three ADR solut ions: Lasers 
for MEDIUM (M) debris ; SpiderSat for LARGE (L) debris ; and Chasers for EXTRA-LARGE 
(XL) debris .

Al l three concepts have considerable legal chal lenges, including ownership, 
responsibi l i ty and l iabi l i ty , Intel lectual Property Rights ( IPR) and l icensing as wel l 
as pol i t ical issues with regard to mil i tary appl icat ions of ADR technologies, export 
control and geopol it ical considerat ions.

Lasers (M)
The Laser Orbital Debris Removal 
(LODR) uses a ground-based laser to 
slow down debris objects forcing them to rapidly 
descend and burn up in the atmosphere. This approach 
might be the most cost-effect ive way to mit igate the debris 

problem.

Original Path

Deflected Path

SpiderSat

Probe

Large 
Debris

SpiderSat (L )
SpiderSat is a 

reusable satel l i te 
that can deorbit 
large numbers 

of space debris 
during its entire 

mission l i fet ime. 
It combines net 

capture and 
bal loon deorbit , 

addressing debris 
larger than 10cm. 

The simpl icity 
of the concept 
makes it very 
l ikely to be 

developed in the 
near future.

1 RENDEZVOUS & PROBE 
DEPLOYMENT

3 PASSIVE REENTRY

image credit: NASA7 8



Preservat ion of the space environment
vs . 

Preservat ion of continued space activ i t ies

Sustainable use of outer space
vs . 

Maintaining minimal current costs

Publ ic/Government 
vs . 

Private/Industry

Global concerns

 vs. 
National concerns

Exclusive peaceful purposes 

vs . 
“Dual use”/Mil i tar izat ion

Developed 
vs . 

Developing spacefaring nations

Free access to outer space 
vs . 

Regulat ion and restr ict ion of access to outer space

1  Improve orbital debris trajectory predict ion.

2  Create an international Space 
Situational Awareness system.

3  Develop enhanced spacecraft 
armor

4  Passivat ion of launch vehicles 
and satel l i tes at its end of l i fe .

5  Non-functional and post-
mission vehicle elements should be 
removed from LEO.

6  Put into action ground-based 
lasers addressing medium debris .

7  Develop and implement the 
SpiderSat for the in situ capture and 
deorbit of large debris objects .

8  Develop and implement large debris 
deorbit ing missions with ful ly control led re-
entry trajectories.

9  Detai ls of nations and organizat ions 
not fol lowing guidel ines should be made visible in 
publ icat ions from FAA1 and ITU2.

contradictionssolutions

image credit: ESA9 10
1  Federal Aviation Administration
2 International Telecommunication Union



Challenges
The chal lenges caused by the increase of Earth orbital debris 
and the risk they pose to space, air and ground, are not correctly 
addressed by the legal regime created during the Cold War era.

Rationales
Why Clean Up? 
The economic loss in Sun-Synchronous Orbit (SSO) 
alone wi l l account to more than USD 25M per year 
by 2055. Since most of it is caused by col l is ions with 
objects too small to be tracked, it wi l l be unavoidable.

Why now?
To ensure the growth and development of space programs 
and the use of Earth’s orbit , we need to clean up the 
growing amount of debris before it escalates beyond our 
control . We can do so by removing the fragments of a 
space object after it has been hit or by designing for safe 
removal before the launch of the object . The f irst option 
would increase removal costs by two orders of magnitude.

Yearly Loss due to Collisions in SSO
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Cost of Removal Options
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Post-Mission
Disposal

Pre-Breakup
Disposal

Post-Breakup
Disposal

Export Controls
•  National regulat ions such as International Traff ic in 
Arms Regulat ions ( ITAR) prohibit transfer of technology to 
countr ies that may be involved in debris removal .

Responsibility
• States are international ly responsible for launch of removal systems 
and for r isks associated with the removal phase, including col l is ion 
and fragmentation.

	
Licensing
•  Licensing agreements between the launching state and authorized 
removal entit ies are not foreseen by the current space treaties.

•  There is no precedent for the removal of orbital debris of un-
known origin .

Ownership
•  Request of consent of the launching state owning an orbital 
debris before its removal is necessary.

IADC Limitations
•  The guidel ines are not legal ly binding and do not take into 
considerat ion orbital debris removal .

•  They do not address l iabi l i ty and insurance and do not cover 
the creation of orbital debris in a non-peaceful context .

Liability
•  Fault-based l iabi l i ty of the launching state appl ies in case 
of damage in space. Fault is dif f icult to prove.

•  Absolute l iabi l i ty of the launching state appl ies in case 
of damage on Earth or to aircraft in f l ight .

Weaponization
•  Space technology has potential ‘dual-use’ nature in the 
context of competit ion for mil i tary and/or technological 
dominance.

Intellectual Property Rights
•  Debris removal may raise concern of unauthorized 
acquisit ion of commercial ly-sensit ive intel lectual property .

Legal Vacuum
•  No orbital debris removal organizat ion.
•  No legal definit ion of orbital debris .
•  No ADR guidel ines exist .

12



1 The launching state (registered debris owner) 
shal l authorize a domestic, foreign or international 
governmental or non-governmental entity to remove its 
orbital debris .

2 The launching state and the authorized removal 
entity shal l negotiate an agreement for orbital debris 
removal to be authorized by IODRO 1 prior to launch.

3 Entit ies providing a debris removal service shal l 
be cert i f ied by ISO and l icensed by a state or entity, 
such as IODRO.

4  The launching state or authorized removal 
entity shal l contact ‘ ICAO-Space2’ to accurately 
identi fy debris that is planned for removal .

5 The launching state or authorized removal 
entity shal l fol low the orbital debris mit igat ion 
guidel ines and appl icable international law.

6  IODRO shal l authorize the ADR re-entry prof i le , 
prior to removal , and inform any potential vict im 
in space, in air , and on Earth to minimize risk or 
damage in these areas.

7 The launching state or authorized removal entity 
shal l not use technologies that are deemed to violate 
international space law.

8  The launching state and the removal entity shal l be 
adequately insured.

9  The launching state and the authorized removal entity 
shal l agree, prior ADR mission authorizat ion, on how to 
share l iabi l i ty via an indemnity clause.

Removal Organization

We propose that the 
IADC could author ADR guidel ines, in 
coordination with the UN COPUOS, 
who would act as the legal power 
behind these guidel ines. Nations 
could then rat i fy these guidel ines 
to make them the law under their 
jur isdict ions.

Standards And Recommended 
Practices (SARP) for: 
• Space Traff ic Management
• Safety
• Security

Voluntary global Space Situational  
Awareness (SSA) data sharing

icao

• Registry
• Adoption resolut ion on 
orbital debris mit igat ion 
and removal guidel ines

un oosa 3

• Mit igat ion standards
• Debris removal guidel ines

iso

ASI4, CNES5, CNSA6, 
CSA7, DLR8, ESA, ISRO9, 
JAXA10, NASA11, NSAU12, 
ROSCOSMOS13, UKSA14

Me m b e r s

Funding, development, 
management, operations 
and l icensing of ADR 
missions

Mi ss  i o n

-
• Legal personal i ty and status as launching 
  state (responsibi l i ty and l iabi l i ty)
• Consensual decision process
• “Juste Retour”
• Liabi l i ty cross-waivers for in-orbit damage

Operations

• USD 180m base funding
• USD 442m proport ional funding 
  depending on number of orbital 
  debris (> 10cm)
• USD 50m launch tax

Fu n d i n g

International Orbital Debris 
Removal Organization

(IODRO)

We recommend 
the establ ishment of 
a dedicated debris 
removal agency as 
an intergovernmental 
organizat ion governed 
by consensus of its 
member agencies, the 
12 current IADC states. 
Similar ly to the European 
Space Agency (ESA), this 
new agency would be 
establ ished as a space 
agency in its own right, 
with its own funding 
and off ic ial status as a 
launching entity . I t would 
have the mandate to 
develop, procure, l icense 
and operate ADR missions, 
monitor compliance to 
international guidel ines 
and national laws, and 
administer the orbital 

debris fund.

Removal Guidelines

1413

1  International Orbital Debris Removal Organization
2 International Civil Aviation Organization
3 Office for Outer Space Affairs
4 Italian Space Agency 
5 National Centre for Space Studies
6 China National Space Administration
7 Canadian Space Agency
8 German Aerospace Center
9 Indian Space Research Organisation
10 Japan Aerospace Exploration Agency
11 National Aeronautics and Space Administration
12 State Space Agency of Ukraine
13 Russian Federal Space Agency
14 United Kingdom Space Agency
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Space:
the final  junkyard?

The Space Debr is Team Project goal was to propose a way 
to forward the orbital debris problem by recommending MITIGATION 
MEASURES and a preferred ADR TECHNICAL SOLUTION based on 
our l i terature survey and analysis , and suggesting amended or new 
POLITICAL, LEGAL, and FINANCIAL FRAMEWORKS to implement it .

We have presented the alarming evolut ion scenarios of the debris 
populat ion, and put forward our recommendations for mit igat ion 
guidel ines and active debris removal technologies that are 
candidates for immediate development or implementation. In 
the areas of pol icy, f inance and law, we recommend concrete 
measures to move from international- level guidel ines to 
enforceable national pol icy.

We have demonstrated that the “Big Sky Theory,” where 
space is considered a vast, empty area where objects can be 
placed and disposed of without further thought, is simply 
inval id . Earth-orbital space is a precious and l imited 
resource, one economical ly , cultural ly , and scienti f ical ly 
valuable that must be managed and protected. The orbital 
debris problem and threat to operational satel l i tes 
wi l l continue to worsen, unless signif icant, proactive, 
and comprehensive measures are taken. Action must 
begin NOW to have even a small chance of making 
a difference in t ime to halt the exponential growth 
of debris . Orbital debris is no longer simply an 
interest ing area of theoret ical study or simulated 
projects, something conveniently neglected unti l 
a mission has reached end-of- l i fe . The next big 
col l is ion is coming. More spacecraft are going 
to be lost . We may be the last generation that 
can take access to space for granted.
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