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ZERO DEBRIS LARGE LEO PLATFORM STUDY

Phase 1 of the Zero Debris study has laid the foundations for the evolution of
European LEO satellite platforms in support of ESA's 2030 Zero Debris

ambition.

It has consolidated the key requirements, identified the main technology gaps
and roadmap, and brought the platform design to SRR level as a first step
toward implementation.

This presentation highlights the main results of the study and the critical
platform design aspects to be further developed in Phase 2.
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l TECHNICAL OBJECTIVES

The study articulates over five technical objectives hilighting the main aspects of developing a Zero
Debris Platform.

Fully demisable platform

*To understand drivers and solutions to reach a fully demisable platform design.

Modular implementation of controlled re-entry

*To provide the means to anticipate required changes in case a controlled re-entry which was not foreseen is
needed. This change shall minimize impacts on mission design to have a robust platform design as soon as
possible in the development phase.

System resilience

*To understand how to detect and prevent failure to perform disposal due to internal (reliability, subsystem failure,
loss of redundancy), or external causes (collision with non-trackable debris).

Mitigatory operations and design

In case a failure occurs, to understand which operations can still be performed to mitigate the risk (of
unsuccessful disposal or to the environment).

Preparation for removal

*To identify and trade-off solution to prepare the satellite for removal.
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TAS STUDY CASES

Earth Explorer
* Wet mass ~1800 kg
« SSO 810 km

» Controlled re-entry

Generic LEO

* Dry mass ~730 kg

» Three proposed missions:
+ SSO 800 km (114 kg of propellant)
+ SSO 700 km (92 kg of propellant)

+ 50 deg inclined orbit at 600 km
altitude (87 kg of propellant)

* Uncontrolled re-entry
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RE-ENTRY ASSESSMENT

Generic LEO was selected as the reference platform for the uncontrolled re-entry assessment.

The baseline configuration includes the proposed demisable units, namely a reaction wheel with an aluminium
flywheel and an aluminium tank.

As no demisable versions are currently available for other critical units, such as the SADM, their non-demisable
configurations were retained in the model.

The re-entry and casualty risk analyses were performed using DRAMA v3.1, supported by a Python-based tool
leveraging PyDRAMA for the probabilistic assessment.
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PROBABILISTIC RE-ENTRY ASSESSMENT - INPUT PARAMETERS

The analysis focused on three global parameters independently chosen:

Atmospheric Density Factor Global Heat Flux Factor Argument of Perigee
Normalp=21and o =0.1 Uniform [0.7, 1.3] Uniform [0, 360] deg
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The Monte Carlo has performed a total of 2000 runs. This was enough to reach the convergence of
results.
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PROBABILISTIC RE-ENTRY ASSESSMENT - RESULTS

The analysis shows a high variance of results with most runs having less than 4 surviving fragments.
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l PROBABILISTIC RE-ENTRY ASSESSMENT - RESULTS

Heat flux is the quantity that drives the results.
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l PROBABILISTIC RE-ENTRY ASSESSMENT - RESULTS

In the table are the surviving fragments of the analysis.

of Runs

67%
57%
41%
36%
29%
23%
20%
17%
14%
11%
5%
<1%
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l PROBABILISTIC RE-ENTRY ASSESSMENT - RESULTS

In the table are the surviving fragments of the analysis.

of Runs

SADM Main Shaft 67% The Tank survives in about 93% of runs

Tank 57%
Star Tracker Objective 41% + the tank is located inside the CFRP cylinder of the primary

Tank + Cylinder Compound 36% structure and the two objects remain connected for the entire
SADM Motor 29% re-entry. The cylinder is exposed late to the atmospheric flux:
MTB Core 23% its melting temperature is maintained for less than 1 minute.

Bottom Panel 20% + the behaviour of the tank-cylinder assembly may be a result
RCTs 17% of SARA’s handling of objects geometry: the cylinder’'s mass
Harness 14% is reduced more than 90% during re-entry but the tank is
Batteries 11% unaffected.

Reaction Wheel Ball
Bearings
Propulsion Filter 5%

Solar Array <1%

10% * The behaviour of aluminium and titanium tanks is almost
identical in this case: to improve demisability the focus should
be on the structure.
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SYSTEM RESILIENCE AND RELIABILITY

A critical aspect of spacecraft design for Zero Debris compliance is the ability to detect and avoid any
event that would compromise post-mission disposal.

Spacecraft resilience encompasses multiple key aspects that can be improved:
* Increased reliability for EOL operations,
« Enhanced health monitoring and telemetry exploitation,

* Reduced risk of failure from external factors, such as MMOD collisions.
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RELIABILITY

The proposed Zero Debris requirements impose an high reliability for re-entry and passivation.

Assessments on case study platforms, as well as experience from Thales Alenia Space heritage
missions, indicate that achieving a passivation reliability of 0.99 is especially challenging, given
the numerous factors impacting this figure.

Potential improvement include:

« Implementation of new units dedicated to passivation (e.g., battery passivator): Offers higher
reliability compared to solutions integrated into the PCDU, but faces low TRL and introduces a risk
of accidental activation;

» Increased redundancy of critical units: Can improve reliability but introduces significant cost,
mass, and volume constraints;

« Adoption of autonomous passivation technologies: Enables passivation without TT&C, but
current maturity and risk of false activation are limiting factors.
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HEALTH MONITORING AND TELEMETRY EXPLOITATION

Early detection and prevention of internal failures that could impede disposal is essential to improving overall reliability.

Thales Alenia Space applies a multidisciplinary FFE (FTA/FMECA Enhanced) methodology that systematically
integrates mission, engineering, and reliability data. This process utilizes satellite health status observations, trend
analysis, and equipment data to assess risk evolution throughout the mission life.

The methodology supports multiple approaches:

» Approach 1 - Update the satellite reliability figure in the CDR model by taking into account the failures occurred
during the mission;

» Approach 2 — Diagnostic: Incorporates real environmental/on-board conditions (e.g. temperatures, units
performance, available resources) and existing margins to refine reliability assessments;

+ Approach 3 — Prognostic: Utilizes degradation models to quantitatively or statistically forecast unit status and
estimate Remaining Useful Lifetime (RUL: difference between the current time and the failure predicted time).

+ Approach 4 — Advanced Prognostic: Embeds Al and Machine Learning techniques to handle large datasets and
detect anomalies with heightened sensitivity. These modern techniques promise to evolve the traditional FDIR
procedures by adapting and learning from real-time data to predict and manage anomalies proactively.
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DE-ORBITING
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DE-ORBITING

To comply with Zero Debris requirements for orbit clearance in missions involving uncontrolled re-
entry, two key conditions must be met:

1. After end of life its orbit lifetime is limited to 5 years starting from the end of mission epoch;

2. Its cumulative collision probability with space objects larger than 1 cm must not exceed 1073 until
re-entry.

These conditions have been verified on Generic LEO with the help of a PyDRAMA script.
The assessment revealed that the primary challenge is collision risk rather than re-entry timing.

From a nominal orbit at 800 km, compliance can be achieved with a re-entry in 1.29 years by lowering
the perigee to 266.38 km.
This requires a manoeuvre with a delta-v of 143.32 m/s and a total propellant mass of 86.03 kg.

These results prompted us to research alternative methods for de-orbiting to use in addition to
traditional chemical propulsion.
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ALTERNATIVE DE-ORBITATION METHODS

//{ Drag Sails

Orbit propagation simulations with OSCAR indicate that drag
sails significantly reduce propellant requirements for perigee

lowering, even on large platforms.

A 25 mz? sail can potentially reduce the required delta-v by
approximately 39%.

//{ Electrodynamic Tethers

Preliminary evaluations of electrodynamic tethers show
promising performance for de-orbiting. For a 1800 kg
spacecraft from 630 km:

= 1.5km x 2.5 cm tether: enables 5-year de-orbit
= 3 km x 2.5 cm tether: enables 1-year de-orbit
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Both these technologies are promising and will be
investigated further in Phase 2. However, some important
open points are still to be addressed:

= Cost: Needs to be estimated relative to TRL 7 maturity.

= Reliability: Deployment mechanism reliability is critical,
especially as a backup to propulsion system failure.

= Accommodation: Compactness, mass, and integration
requirements are key adoption drivers.

= Robustness against MMOD impact: Large cross-sectional
area increases susceptibility; efficiency must remain high in
case of impacts.

= Demisability: Survival potential of mechanism components
must be considered for uncontrolled re-entry missions.
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CONCLUSIONS

it Phase 1 of the Zero Debris Study has identified the main drivers shaping the design of a platform
compliant with the proposed requirements. The work provided a clearer view of the most critical
areas affecting system architecture, disposal strategy, reliability, and operational concepts.

/i{ Beyond confirming key design constraints, the study also opened new perspectives for future
platform development by encouraging the assessment of alternative solutions alongside more
established approaches. This has been a valuable opportunity to challenge current design practices
and identify promising areas for innovation.

/if Given the wide scope of the study and the limited time available, several solutions could only be
assessed at a preliminary level. Phase 2 will build on these results with a more detailed analysis,
aimed at consolidating the most promising concepts and supporting their practical implementation.
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PHASE 2 OBJECTIVES

/i{ Phase 2 of the study will investigate the proposed solutions in greater detail.

/i{ Phase 1 highlighted the need for the development of several dedicated technologies and units to
address key debris mitigation aspects, including demisability, reliability, passivation, and de-orbiting.
The generally low TRL of many of the solutions identified confirms that these areas have so far seen
limited market-driven development.

/if The next phase will therefore include follow-up activities with suppliers for the most critical units,
with the objective of defining development roadmaps up to TRL 6.

/1f Improved definition of these technologies will also support more accurate system-level
assessments, such as re-entry analyses, and enable more robust trade-offs against established
platform baselines.
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