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SITAEL and its




“‘ ITAEL S.P.A.

SITAEL S.p.A., part of the group Angel, is the largest privately-owned 100% ltalian space company.
« 270+ high qualified employees

» 4 Engineering Offices and 2 Production Sites in Italy

» Mola di Bari - Satellite Integration and Test Facility: 1200 sgm clean room, 2 TVACs, Shaker and Anechoic
Chamber.

» Pisa - Electric Propulsion & Electronics integration and test facility: 350 sgm clean room, 10 vacuum chambers, 3
TVAC.

Satellites

3 PLATINO
Scalable Multl-Apphca oﬁ ‘

Smart, modular,
scalable solutions

All-electric platforms

, micro g%t
2 Wﬁ% > Wide range of missions
) and applications, also in
constellations

EO / SSA / SCIENCE

OPTICAL COMM SATCOM From 150kg to 500kg

B ] 'hdlmg,&"’Storage = : ‘ wt
NN\ NNy S T SITAEL

4



General Information & Mission

Earth Observation (including Optical and SAR PL)
Communication
10T
Missions Type Navigation
Science
loD/loV

35 years LEO
Redundancy Level / Reliability EOL Mixed Single/Dual — > 80% (@3 years)

Adaptability for Different Orbits LEO 350 — 600 km

Structural & Mechanical

S/C Mass 170-230 Kg 180-240 Kg
(dry) (wet)

Main Dimensions (LxWxH) 0.70x0.70x1.15 mxmxm Stowed Configuration
(excluding appendages;
910x840x1150 mm~3
including Solar Array wings)

Deployment Mechanisms PF: Solar Panels
PL: Dedicated mechanism depending on PL

Navigation Sensors Multi-Head Star Trackers
GNSS (GPS/Galileo)
Sun Sensors
Magneto-Meters
Gyro (Optional)

3x Magneto-torquers
Propulsion System

Electric
Total Delta-V for Max S/C mass 400 m/s
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10 kg Xenon

PLATiINO-Class Satellite

Missions Type

General Information & Mission

Earth Observation (including Optical and SAR PL)
Communication (including QKD/Laser Communication)
Navigation

Science

loD/loV

Mission Lifetime 5 years LEO

Redundancy Level / Reliability EOL

Adaptability for Different Orbits

Main Dimensions (LxWxH)

Deployment Mechanisms

Navigation Sensors

Actuator Types

Dual — Reliability PF > 80% (@5 years)
LEO 400 — 900 km

Structural & Mechanical
S/C Mass

~ 420 - 540 kg PF Dry Mass (w/o
OISL) ~ 350 kg
1.2x1.5x2.4 mxmxm Max envelope in

stowed configurati
on

PF: Solar Panels

PL: Dedicated mechanism depending on PL
Star Trackers (2 or 3 OHs)

GNSS (GPS/Galileo)

Sun Sensors

Magneto-Meters

Gyro (Optional)

4x miniCMGs (or 4x Reaction Wheels as option)
3x Magneto-torquers

Propulsion System

Propulsion Type

Electric
Up to 500 m/s m/s 15 kg Xenon
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Objectives & Te



Scope: Small Satellite Platform, i.e. mini-micro satellite with mass < 500 kg

To critically review and update the provided System Requirement Document (SRD)

To identify and analyze the design drivers for the Zero-Debris Small Platform (ZD-PF) evolution and
perform trade-off studies to define technological solutions and building blocks to be developed

To produce a tailored System Requirement Review (SRR) Datapack, focusing on platform level
Q To identify and evaluates/assess suitable technology developments and select corresponding suppliers

Q To formulate and define evolution roadmap for the ZD Platform and related technology for future work
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*Task 1: ZD platform Requirements [ nalyst & Consotation
i : : . . [ Kk |
Analysis & Consolidation , including o !

\__// i [ Task 3: Technology Supplier

a selection of Mission Study Cases Consultation
° Tas k 2 : Z D platfo rm d rive rs’ \ E ----------- 1 PART 2 — First Iteration & Regs. consolidation | ——————————— \:

analysis and trade-off(s) to select an L e ]—l

th e m OSt a p p ro p g ate d esl g n ‘:\ = /:I_? Task 2: ZD platform drivers Task 3: Technology Supplier i

conce ptS . . )// i ‘analysis and trade-off Consultation I
® TaSk 3. TeCh nO|Ogy Su ppllers’ ‘ ¢TI T | PART 3 — Platform Consolidation L __________________ :

consu Itatl on (S) . . : i [ Task 3: Technology Supplier Task 4: ZD platform } i

"/ E Consultation definition up to SRR-level !
* Task 4: ZD platform definition up to @Y L[ J
- ! Task 5: ZD platform
S R R' I evel . ! Evolution Roadmap }

Task 5: ZD platform Evolution
Roadmap for future work and Study L I
synthesis and Recommendations e | Tekn gt }_. s

Evolution Roadmap \ ),
v/
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Study Case MS100 - Empyreum

COLA and STM

T-OBJO3 (HM), T-OBJO04 (COLA), T-OBJO5 (D4R)

550-km SSO

4 on 2 orbital planes (in “train”
configuration, i.e. small true anomaly separation)

Intra-plane True Anomaly offset: 9 deg

Inter-plane True Anomaly offset: 15.75 deg
Re-entry Natural, Uncontrolled
Propulsion - EP YES

Propulsion - CHEM [\'[e]

(EESN =200 kg
Evaluation of impact on existing P/F of integrating
D4R service interfaces
Lifetime — EJVIIR
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AN ANGEL coMPANY

MS100 VLEO - Empyreum - MS400 PLATiINO-class
Close proximity operations, COLA and Design for Re-entry

Demise T-OBJO1 (D4D), T-OBJO3 (HM), T-OBJO5 (D4R)

T-OBJO1 (D4D), T-OBJO02 (Rel. Disposal), T-OBJ03 (HM)

600-km
400 SSO

53-deg inclination

2 satellites in close formation

1
True anomaly offset: 10-2 to even 10-3 deg
Natural, Uncontrolled Uncontrolled, option: Controlled
YES YES

Option: YES (mainly for last targeting manoeuvre)
or deorbit kit

=200 kg =350kg

Evaluation of impact on existing P/F of integrating
D4R service interfaces

3 years 5 years

NO

NO

TLP:CLEAR | 30/06/2026 |
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* |dentification of key drivers
» Full Demisability (casualty risk <107°)
» Reliability EoL and disposal
* Prognostic methods

* Autonomous operations (manoeuvre capability within 12 h from
warning)

* Preparation for Removal

» |dentification of conflicting requirements
* Increased reliability for smallsat market (increased cost overhead)

* Mandating recurrent maneuvring capability with little availability of
tanks’ demisable options (increased possible number of debris)

» Unknown effect on atmosphere and oceans from full demisability

» High non recurrent costs for cooperative D4R (increased cost
overhead) and risk of in-orbit unintentional contacts

« SITAEL’s PFs Status of Compliance (SoC) with respect to ZD-SRD

» Technological Gap Analysis

SITAE L © SITAEL 2026, All rights reserved
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Metal Layers

Mesosphere

50 km

Stratosphere
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-

Meteoric Smoke

Satellite
break-up

Pollution from Space

e Layer

—-

- 5
- 1

Image Credit: Wing et al. (Measurement of a lithium plume from the

uncontrolled re-entry of a Falcon 9 rocket)
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» Starting from technological gaps =2 Assessment on how to fill
them

* Full Demisability > Demisable tank, Demisable joints,
Demisable AOCS actuators

* Reliability = More reliable units, delta design, disposal
kits, watchdogs, ...

* Prognostic methods - Implementation of Al predictive
algorithm

+ Autonomous Operations - Implementation of Al
autonomous CAM&SK algorithms

* Preparation for Removal - Integration of specific D4R
HW (docking plate, detumbler), modes and CONOPS

. . Image credit: ESA (Design for Demise)
» Trade-offs based on multiple solutions to the same problem
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2 Starting from technological gaps =2 Assessment on how to fill them = Who can provide such solution

* Full Demisability > Peak Technology, INVENT GmbH, Nimesis, ...

* Reliable Disposal > Ascend Beyond Space, Aurora PT, GAMA, HPS GmbH, ...
* Prognostic methods - AIKO, S.A.T.E, Intella

« COLA-> AIKO, S.A.T.E, Intella, Leolabs, ALDORIA, ...

* Preparation for Removal - Astroscale, Foundational, Admatis

=20 suppliers' responses were collected during this activity broadening the view of possible solutions

= [ ) LEOLABS
—— »SNT=K 6 . /7 INVENT ®
@ , SOPHIA ﬁLuml /
; § 7"
g’c\ﬂ’x} e AL DORIA '@Admatis TECHNOLOGY ﬁgEESI:!E
AIRBUS =c s Astroscale ARKADIA - [OC AIKO
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4 - ,.~7"":I:atform Evolution

’ " —JONOSPHERIC
- PARTICLES

~ ZD PF Definition at SRR level (Task 4)

Image Credit: ESA (Plasma Brake)

» Assessment of baseline and options

a r.Ch |te CtU re Sun Tracking Ideal Power Generation Brightness Mitigation Reduced Power Generation

« $S100 (EMPYREUM Class) based ZD PF

« Baseline: Uncontrolled re-entry, non-
coop D4R, No brightness mitigations

» Back-up: Uncontrolled re-entry, non-
coop D4R, brightness mitigations

« S400 (PLATINO Class) based ZD PF

» Baseline: Uncontrolled re-entry, non-
coop D4R, No brightness mitigation

» Back-up: Controlled re-entry, non-coop
D4R, No brightness mitigation

» Preliminary adaptation plan for the current

latforms | '
P > "
Image credit: Foundational Space Image credit: Airbus (Passive Detumbler) =

Image credit: Astroscale (Docking Plate)
. (Laser Retroreflector)
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: \ Roadmap and development needs M

‘_ZI%) PFtDeveIopment Roadmap Definition (Task 5), all developments includes activities at system level for
integration

T-OBJ1 - Full Demisability
* Development unit level for Demisable Tank, joints and RW/CMGs

« T-OBJ2 - Reliable Disposal Strategy
* Development unit level for Watchdog and Electrostatic tether

 T-OBJ3 - Health Monitoring
* Development unit level for Predictive health monitoring algorithm

« T-OBJ4 - Collision Risk and Mitigation
» Development unit level for Autonomous CAM & SK

« T-OBJ5 - Preparation for Removal
 HW integration
« Ground attitude reconstruction design and definition
» Definition coop. Mode and AOCS analysis pre-capture
» Definition of GSN

SITAE”L © SITAEL 2026, All rights reserved TLP:CLEAR | 30/06/2026 I 14
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Main Outcomes



le-off performance is hindered by the lack of multiple
lons to start with. Low availability of demisable options is a
al point of the activity and a source of risks

» S-100 (Empyreum-class) ZD-PF
* Full demisability is feasible

* Remaining gaps: Electric Propulsion S/S modelling
+ demisable tank

* S-400 (PLATINO-class) ZD-PF:
» Partial demisability is achievable

« Remaining gaps: Electric Propulsion S/S modelling +
demisable tank + demisable wheels/CMGs

« Structural separation (demisable joints) beneficial

» Controlled re-entry remains the golden standard to reduce
casualty risk but requires tens of Newtons from the propulsion
system - Disruption wrt heritage EP propulsion

SITAE L © SITAEL 2026, All rights reserved TLP:CLEAR
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Image credit: ESA (Design for Demise)
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off — T-OBJ2 Reliable Disposal M

Image credit: SITAEL (HT100, Electric Prop) Image Credit: ESA (Chemical Prop)

*» Lowering maneuver with standard SITAEL’s EP remains the A
most cost/mass efficient solution to dispose satellite

* To increase reliability, it is backed-up by a disposal kit

« Among possible disposal kits, electrostatic tether currently
performs better along the whole solar cycle and have less impact
on mass/volume and costs wrt drag sails

« As pointed out during the study the disposal with the tether
may bring additional questions: how to compute the Electrostatic tether
cumulative collision probability, modelling of the tether, how to
assess the impacts in terms of CAMs triggered on other
spacecraft, and on crewed stations (ISS, Chinese station), Chemical Propulsion
effects of collisions between tether and other spacecraft
unknown, etc.

Electrical Propulsion

Drag sails

» Different options were evaluated to increase system reliability

» ltis foreseen to deepen the independent Watchdog definition
without reducing the overall system availability

Image Credit: ESA (Plasma Brake)
| 30/06/2026 | 17
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rade-offs was performed in between
ake options, identifying the buy option as
t efficient

Different suppliers were identified providing
ground/on-board or hybrid (leveraging SITAEL
Ground and/or O-BRAIN OBC) modules and the
solutions have been compared

* Predictive fault detection and autonomous
recovery may increase satellite
gva:jlabilitylreliability, while reducing operator’s

urden

« It shall be, however, weighted against possible
risks of unintended execution of recovery
actions which may compromise the satellite
operations

SITAE L © SITAEL 2026, All rights reserved
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onitoring

Define Fault Detection
Rules

Train Machine Learning
Models

Evaluate Model
Performance

Historical Fault Data

w Label Data for Training

osblflist.

ST

\l?l/

Optimal Predictive Model

g

Validate and Tune Models

| 30/06/2026 | 18



‘Autonomous operations

* Preliminary trade-offs was performed in between
buy and make options, identifying the buy option as
more efficient

* Autonomous operations may enable reduce
workload on operators and faster response time,
but shall be better weighted in the next phase
against the risks of unintended operations due to
false positives

* Propellant efficiency increase through
combined Collision Avoidance Maneuvers and
Station Keeping Maneuvers

Space surveillance segment

» Several suppliers were identified and traded-off with
respect their performances and costs

Image credit: ESA (Ground Segment)
SITAE L © SITAEL 2026, All rights reserved | 30/06/2026 | 19
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off — T-OBJ5 Design for Removal (D4R) Z

Image credit: Admatis

~ Trad e-off is performed between commercial services
4 entified and the description provided in the applicable
- document for this study “D4R - IRD for LEO missions v2.0”

* The description in the applicable document is mostly
tailored to large platforms, smaller ones cannot comply

« Commercial services assumingly requires less HW to
perform capture operations

* Open trade-off concerning detumbling option between
passive magnetic detumbler or shortcircuiting magnetorquer

« Cooperative D4R not suggested for small platforms —
High cost, complexity, risks, qualification

« Baseline includes non-cooperative D4R:
« Capture plate
* Passive detumbling

» Optical/laser markers (LRRs) for ground attitude
reconstruction

SITAE L © SITAEL 2026, All rights reserved Image credit: Astroscale | 30/06/2026 | 20

AN ANGEL co



n Concept

7. d

MS100
» Baseline integrates:
« Electrostatic tether,

smisable Tank (switch from non * D4R Mech. I/F,
misable tank) « Detumbler
Ground Al Health predictive module .

‘ Retroreflector,
Back-up integrates: » Demisable Tank (switch from non

» Baseline configuration + demisable tank)

* Increase SA and Battery for Terminator * Ground Al Health predictive module
Tracking (brightness mitigation) « Back-up integrates:

* On-board and Ground Al Health + Baseline configuration +

predictive module (via SITAEL's OSTEP)

* On-board autonomous CAM and SK (via * Increase SA and Battery .
SITAEL's OSTEP) * On-board and Ground Al Health predictive

module (via SITAEL's OSTEP)

* On-board autonomous CAM and SK (via
SITAEL's OSTEP)

Delta mass [kg] 0.39 5.37 3.30
Delta mass [%] 0.21 2.99 0.94

Delta mass [kg]

Delta mass [%]

SITAE L © SITAEL 2026, All rights reserved
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MS400
» Baseline integrates:
* Electrostatic tether,
* D4R Mech. I/F,
* Detumbler,
* Retroreflector,

* Demisable Tank (switch from non
demisable tank),

+ Demisable Wheels (switch from non
demisable wheels once supplier identified)

* On-board and Ground Al Health predictive
module (via SITAEL's OSTEP)

* On-board autonomous CAM and SK (via
SITAEL's OSTEP)

* Back-up integrates:

» Baseline configuration (w/out tether and
demisable units) +

» Chemical Propulsion (Not in SITAEL
Roadmap),

15.0 53.2
5.0 8.3 15.2

| 30/06/2026 | 21
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Casualty risk (from SSO)
Re-entry lifetime [yr]
CPoC
Brightness Mitigation
Predictive Fault Detection
Autonomous CAM and SK

Quick identification and Precise
Orbit Determination (even after Eol)

Non-cooperative D4R

SITAE L © SITAEL 2026, All rights reserved TLP:CLEAR
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. 5-Debr *(ZD) requirements, including seed requirements, have been thoroughly assessed and technical design
."'_~~ ons addressed. However, achieving full compliance remains highly challenging for small, cost-competitive platforms.

» ZD requirements compliance can be optimized by implement a progressive evolution of current Small Platforms through a
staged maturation and adoption approach

» Several enabling technologies are maturing across suppliers, but further consolidation is required.

* Priority should be given to passive and semi-passive solutions, to limit operational complexity and risk (e.g.,
retroreflectors, demisable units, detumbler, docking plate, tether, ...).

» Areview and possible rationalisation of seed requirements is recommended to ensure feasibility and support
competitiveness
» The reliability targets for passivation (above 0.99) and disposal (0.95) are extremely demanding and appear
unrealistic for small platforms in a cost-constrained context.
» The requirement on casualty risk (<107°) is not always achievable due to missing key building blocks, often leading
to the need for complex controlled re-entry strategies.

AN ANGEL coMPANY



assivation reliability targets are met through the design of robust, autonomous watchdog systems.

» Areliable disposal mechanism (e.g. deployment kit) can be actuated at End-of-Mission, mitigating/accepting identified
risks (e.g. impact of long electrostatic tether).

» On-board and ground software algorithms are developed to autonomously optimize operations (in-orbit traffic
management) and manage risk scenarios (e.g. collisions, internal failures).

* For Phase 2 The procurement strategy should focus on early commitment to critical-path technologies, particularly those
with low TRL, with limited supplier availability, or with major architectural impact on the platform such as:
* Demisable Tank

Al functions for Health monitoring and autonomous Collision Avoidance / Station Keeping Manoeuvering
» Disposal kits (Tether, sail, ...)

SITAE L © SITAEL 2026, All rights reserved
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& Thank you for your attention

Via S. Sabino, 21 T.+39 080 53 21 796 -
70042 Mola di Bari (BA) - Italy info@sitael.com TLP:CLEAR
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