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Zero Debris Technical Booklet Overview ZERO DEBRIS
TECHNICAL BOOKLET

Purpose: answer to the call to define collaboratively how to reach Zero Debris
by 2030, to achieve targets and principles of Zero Debris Charter:

*  Focus on technical developments

* For the benefit of everyone

* Led by Zero Debris community stakeholders (ESA contributor and facilitator)
* Reinforcing the Zero Debris community

Received inputs from 36 organisations on initial draft
* 32 organisations in Europe, 2 in USA, 2 in Canada

Workshop held in ESOC on 26t1/27t June 2024 to discuss technical content
with >90 representatives from industry led to Draft 1

Work over the summer 2024 by Editorial Working Group
Final workshop held at ESTEC on 11t October 2024 /

First Issue of the Technical Booklet shared with Zero Debris Community at the
end of 2024, released to the public January 15" 2025




Technical Booklet Contents

* The Booklet is technically focussed, non-binding, and collaborative.

* The Booklet serves as a resource to support the Zero Debris Community in directing its resources towards research and
future technology developments.

ZERO DEBRIS
TECHNICAL BOOKLET

Introduction
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Technical Chapters

2. Guarantee Timely and 3. Prevent Debris Generation
1. Prevent Release of Debris Successful Clearance through Break-ups or Collisions

gt

- PREVENT DEBRIS GENERATION THROUGH
CLEARANCI BREAK-UPS OR COLLISIONS
. e Al to ensure i successtully disposed of in a tf Keeping Delow 1n 1000
need to avoid the of any debris v a missions B ODJSCtFeues. & COMDINAN of MMISING the sk of ternal break-Ups and mimising
Further eforts o Gevelop technical and operational SOLions are needed t IMprove the pro- the prcbabitty of debris generation through Colisions with both trackable and Untrackabie
such s rodiation Dbty of Successiuly Ge-aeDItng SPaCe objects ot the End af Mssion. obiects. This ehapter sddresses ensbles For the Gesn S1age, whereas Chapler 4 sadiesses

xposed spece-

& i  with s
in high orbits or atomic axygen in low orbits, can lead to structural faiiure
iais, releasing hazordos i

enablers for the operstional stage.
eles:

Achieving & tmely and successtul orbital diearance after e Y of Mission 1 fundamental to
‘avaid the accumulation of deris. Reaching a success rate for orbital clearance of at least 99% The following needs and solutions were identified:

Solutions to adaress tis issue inciude: requires improvements at various levels, including but not limited to

A Characterisation of the degradation of materials caused by exposure to the space Increasing the probabilty for an abject to de-orbit tsel after End of Mission E1;| MEREVE OOLLICION RISK ACSESEMENT
Designing more reliable spacecraft architectures

Complementing these capabiities with external mesns such s Removal Services, when
necessary

+  Ensuring space objects are prepared for removal

The inereasing number of debris and the risk 8ssocioted with colisions in orb Jead 1o 8n
ever-increasing need for operators. to camy out colksion avoidance manouvres. During th
design phase, calcutating the Cumulative Probability of Colision over the total orbital lifetime
of 158 1o select safer d Disposal stratagies
Solutions to address this peed include:

Key Enablers:

| Qualification procedure to avoid flaking in orbit
" The following needs, sokutions, and key enablers were identified

TGA analysis® to exposure) A A standardised methodology for assessing colfision probability during the desi-
2.1 Y an phase, which involves formalising input conditions for analysis, such as spa-
il Development of mutl-tayer insufation ana coating technologles preventing fong- n pilvrsmedpumsicsigiirodgarin oot s ot e
term degradation of materisls peckayaasine errmmie
IV identification of monitoring o ik iabe i e it ge -
V. In-flight demonstration of material degradation (e, ISS? experiments, LDEFY, EU- currently exist for seme use cases (eq. de-orbit systems for spacecraft in LEO) but need to i Lo
RECAS. etc) be made ffardabie and more felable i order to feach high diearance Success rates and wi- , . . :
Gespread adoption. In addition, other solutions. could be explored for different orbital regions i v Fackis fe.0. messwred by laser ranging)
and ize the release of debris from im- 9 MEO, etc) Solutions 1o address this issue i by i s futire
pacts and collisions. Inclute: position of space abjects and their interactions
_ A ; 11 More frequent and accessibie predictions of the evelving EbAs envirenment
Key Enablers
for IV Improved estimation of Impact areas for objects under design, considering the sctual
| wat are resistant satar srmay co- shape of the cbjectd
- oo shield Key Enabiers:
7 S oyt ek Mechooleied o sttt knpoct e 4 deyereoshickng) i Vv Enhanced collsion risk assessment algorithms for large deployable appendages
" oo s rofn w ” . I Affordabie Dispasal solutions for Small Spacecraft (e.g. propulsion systems, drag- (e drog-sails tethers)
bbb e Sl e b e sail5, derobrakes, tethers, plug and play Disposal subsystem for CubeSats, based on VI Guidelines and methodolagies for Cumulative Probability of Collision assessment
cles. during CPO operations, indluding contingency cases, with dedicated contact COTS? technolagy) tailored to mission phases and relevant debris poplation, inchiding reassessment
intertaces (e, interface protection during CPO® and capture; coatings forinterfaces
between modues during separation) Ul Evaluation and use of altemative strategies for orbital learance and backup options during aperations
for objects in Earth orbit fe.g of Disposal strateg ' Vil improved heric density, sp models

GEO, GTO, HEG, ete)
W Spocecraft srchitectures which Increase the probabifty of successtl Disposal by
factors

Il Development of testing guidefines to verify the minimization of Small Particie rele:
ase

Vil Standardised set of guidelines and improved technical approaches for pre-launch
‘and past-deployment collsion assessments

The use of propulsive technologies in space missions is essential for manoewvring, station-ke- g PRy . .
€ping, and deorbiting operations. However, tracitional propulsion ystems, especially thase doncy for Disposel capabiites, bock-up deorbiting Systens, incarparating margin} x tols for
nerate that pose aisk. ‘more accurste colision risk estimation

IV Technologies enabling safe autonomous andior independent de-orbiting that can
be integrated before lounch or in-ortit (e, autonomous. activation of de-orbiting Machine learing algorithms to predict colision probabilities more accurately by fe
propuisive i devices, etc] ‘veraging historical collision data, spacecraft behaviour models, and predictive main-
& Lot i Lo tenance indicators
tickes

tothe growing issue of debris. Solutions t aderess this issue include

v feg. sharing
practices, de-orbiting . high-drag st- X1 Development and uptake of optial and r3ci tracking s (fetorefiectors, beam
Htude control) locators, etc| bes secien 4251]

s 4
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Technical Chapters

6. Understand and Mitigate
4. Improve Space Traffic 5. Prevent Casualties on Adverse Consequences of
Surveillance and Coordination Ground Space Objects and Debris

2ERO DEGRIS TECHNICAL BOOKLET
] :

IMPROVE SPACE TRAFFIC SURVEILLANCE ‘UNDERSTAND AND MITIGATE ADVERSE L
AND COORDINATION CONSEQUENCES OF SPACE OBIECTS AND DEBRIS
With the increasing number of space objects being lsunchesl space taffc coardination wil The casuaty rik for Rumsn popLatons 8N Infrastruchures i INCressing a 8 result of the
‘play an essential role in ensuring sustainable operations. Routine and ransparent information et of o . € 6.1. UNDERSTAND ENVIRONMENTAL IMPACTS OF RE-ENTRY
snaring. aiong with actve spacecraft operators, is re-ente-

L oo frtipetion ol s . Debris of il sizes re-entering the atmosphere and potentisl reaching the ground or aceans.
for effcient and tmely cofision svoidance operation: Could have various sdverse effects on the environment, which 81 ot yet fully understood or
The foliowing needs snd soiutions were identified « Re-entry rick evaluation methods and madels i

« Design solutions to reduce uncontralied re-entry risks = i
4.1, IMPROVE SPACE TRAFFIC COORDINATION AND INFORMATION « Improving controled re-entry solutions for better syster impact. reRabilty snd cost-cff- Al
SHARING Sy for assessing their environmental impact
Improved STCS wil hetp prevent. y The fallowing needs and solutions were igentified Key Enablers
avoidonce manoeu
5 0 meet ths need incude 51 REDUCE RISKS LINKED TO UNCONTROLLED RE-ENTRY '
. o o heat on
data and geo- Demisabiity abiotors i fe-ciry)
politicalinguistic uncertainties v q
b o improved
e and their physical siate

Solutions to meet this need indlude:

M Underétanding i congositon o risedas I icke bodies, spececrf i ik
I Adoption of standardised guidelines (eg. CCSDS) with defined standards on ma 4

e used 1o e
ocuvTng fules, cata exchange (ephemeris, manoeuTe plons, Spacecrat atiude A. Development of Technologies for Design for Demise, including fully demisable pla-
States), uncertainty sssessment (e uncertainty reaism), metodolagies, and ca- torms and improvement of Demisability at the system and subsystem level (e.g. IV investigation of the propartian of survrving re-entering objects
taiogue information material, structure, equipment and paylaad levels): demisabie technologies for lau- v ¢ wd pactice "
" data sho- nchers, considering environmental imp acts as a constraint e v 1
ting, and — B. Charactarisation of impacts of re-entry on the stmasphers for grasping the long-
i bt term consequences of re- entry events
€. Improved communication, both betwsen space surveiliance segments and ground i f @
segments, i L Key Enablers:
tegjes]
Key Enablers: [ by demisable od ements feg, tanks, COP- I Labandin- ez
V&, reaction wheels, magnetorquers, solar array drive mechanism, optical payload o e, decons sering etanolopes] 1 charemer omoRPIE
| Standardised infrastructure for the sharing of data which s safe, secure, and with elements, payioad Interfaces, tar rackers, SUCTUral ints, etc) mpacts of Demise, leadng to ennanced reentry modas that incluce smissions.
Both Centralsed ond distributed infrastuctures to enadle automation, low atency S Ve 1 Mmprovement in the modefing of physice! snd chemicat processes In the upper ot
Foshinpmyn s Ul Research moterias with enhonced Demisabilty o g of phys: o upper
I Standsroised data infrastructure fo the sharng of operational information, par- O oot ot A pactdsa Y e i Al asieg G M St e Demise oy ocusi o sl s e
Culdly ODEFBIOTS’ COMMACT CEtA, 0pEFB1ONS) INTOrMaNin [mission Phase, SPOCECTaTt ata system and (e chem B
atiss, manceuvre notification, Mmanceusre/bperator capabiity) and vaidated 5pa- vl Lrsobesdor
cecraft characteristics and openators’ Capabilties Key Enablers
w impacts of
W Macine-to-machine cxchanges fo ose ssroec Mmansgement and efficit ] S 5 — E: heehi sk ko
andardised operatar-to-operator interaction e i re-entry 2
B i Bk b s e il Research into use of exothermic reactions fe.g. themmite for enhanced Demise
W Deveiopment of elements with heat fus-ennancing festures feg. hoies, lstrce Key Enablers
= v . ;. i structures, etc)
 providers who "o i "
- » W Tec d process during i
- re-entry ) : .
il Investigation ints patential detrimentsl emviranmental impacts of surviving space
Key Ensblers m i fia

craft elements
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Example of Implementing the Zero Debris Approach

IN-ORBIT REFURBISHNENT
AND UPGRADING SERVIGE Astroscale

=

= e

\\VINSP/\CE

technology

Astroscale Ltd. © 2025 — Proprietary. All rights reserved. 6



’
Conclusions and Next Steps @

Navigating the Space Policy Quagmire

* We aim for safe, secure, responsible, and sustainable access to space

* For debris mitigation specifically, there is a broad range of regulations, policies, guidelines, and other non-binding
instruments, each with their own agenda, ambitions, priorities, and interpretations

ZERO DEBRIS
ZERO DEBRIS CHARTER TECHNICAL BOOKLET

Towards a Safe and Sustainable Space Environment

ISSUE 1.0
...Establish this non-legally binding Charter as a major ...This Booklet presents a selection of technical needs,
contribution towards space safety and sustainability, fostering a solutions and key enablers that collectively provide the
community of proactive actors working collectively towards means to achieve the targets of the Zero Debris Charter

jointly defined ambitious and measurable targets for 2030
... Technically-Focused, Non-Binding, Cross-Cutting,
...Determined to lead by example Collaborative, Complementary
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