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Executive Summary

Active Debris Removal is the most consequential new capability domain in the
space industry. It is simultaneously a technical challenge of extraordinary
complexity, a commercial market in its earliest formation stage, a governance
problem of global scope, and a strategic asset of significant geopolitical value. The
institutions that understand this convergence first will shape the architecture of
orbital sustainability for the next generation.

The orbital debris crisis cannot be resolved through better compliance alone. Research
consistently establishes that even universal adoption of the most rigorous disposal standards —
applied to every new satellite, from today forward — would not stabilise the debris environment.
The historical accumulation of derelict satellites, spent rocket bodies, and fragmentation remnants
has already created a self-sustaining growth condition in certain orbital bands. Physical removal
of existing objects is the only mechanism that can reverse this trajectory.

Active Debris Removal — the physical capture and deorbit of defunct space objects — is
transitioning from a research concept to a nascent commercial market. The total debris monitoring
and removal market reached approximately $1.4 billion in 2026 and is projected to grow to $1.84
billion by 2030. The pure capture-and-deorbit market remains embryonic, currently sustained by
government procurement contracts, but the transition to commercial scale is a question of
regulatory enforcement timing and technology cost reduction — both of which are advancing on
a five-to-ten year horizon.

This paper assesses the ADR landscape across four dimensions: technology maturity and the
capture approaches competing for the market; the current mission landscape and the milestones
that define the state of the art; the commercial market structure, its drivers, and its constraints;
and the governance gaps that represent both the primary barrier to scale and the primary strategic
opportunity for institutions positioned to help resolve them.
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1. Why Removal Is Necessary — The Case in Brief

The fundamental logic of Active Debris Removal is straightforward. Research published in
Frontiers in Space Technologies established that approximately 60 large debris objects must be
removed from low Earth orbit per year to achieve a net decline in the total debris population.
Current global ADR capacity — across all government and commercial programmes combined
— is nowhere near that threshold. Without removal, the environment deteriorates regardless of
how well-behaved new operators are.

The 15 highest-priority removal targets by debris generation risk are primarily large, intact derelict
satellites and spent rocket bodies in the 600-1,500 km altitude band. These objects are enormous
by LEO standards — some exceeding 8 tonnes — and each one represents a potential
fragmentation event that could generate thousands of new fragments if struck by a smaller object.
The energy released by a collision between two large objects at orbital velocity is sufficient to
produce debris clouds that persist in the environment for decades.

The case for Active Debris Removal is not primarily environmental altruism. It is
operational risk management. Every large derelict object remaining in a high-
density orbital band is a potential catastrophic fragmentation event that raises the
collision risk for every other operator at that altitude — including operators who
have met every disposal compliance standard with complete rigour. The
responsible operator's interest in a clean orbital environment is entirely self-
interested.

The Priority Target Profile

The most dangerous objects in the orbital environment are not small fragments — they are large,
intact derelicts. A 1-tonne derelict satellite struck by a 10-centimetre tracked fragment produces
a debris cloud estimated at 1,000 to 10,000 new fragments. The ten highest-priority derelict
objects in the ESA and NASA priority lists include Russian Zenit and SL-8 rocket bodies in the
800-900 km band, a zone where natural decay timescales extend to decades. These objects are
not attributable to malicious actors — they are the accumulated legacy of the early space age,
when disposal was not a design requirement. Removing them is a collective infrastructure
maintenance problem, not an attribution or accountability question.

© 2026 Qontra - gontra.space - All rights reserved
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2. The Technology Landscape — What Can Actually Be
Done

The Core Technical Challenge

Removing a defunct satellite or rocket body from orbit is among the most technically demanding
operations in the aerospace engineering field. The target is uncontrolled, possibly tumbling at
rates of several degrees per second, not designed to be captured, and may have structural
integrity compromised by years of thermal cycling and micrometeoroid impacts. Rendezvous and
Proximity Operations with such a target require autonomous navigation systems, precision
maneuvering in close quarters, and capture mechanisms that can handle unpredictable target
behaviour — all in the unforgiving environment of orbital mechanics where any error propagates
at 7 kilometres per second. The architectural divisions of these competing technical extraction
methods, classified by physical proximity and object state, are comprehensively structured to
guide operator deployment choices (the matrix of these mechanical and physics-based capture
modalities is mapped in Figure 1).

The technology readiness breakthrough of 2024-2025 was the demonstration that these
challenges are solvable. Astroscale's ADRAS-J mission achieved an approximately 15-metre
approach to a 3-tonne Japanese rocket body in December 2024 — the closest approach ever
achieved by a commercial operator to an uncontrolled space debris object. ClearSpace completed
Phase 2 milestones for its robotic arm capture system in May 2025. Together, these
demonstrations established that the two most technically demanding elements of ADR —
controlled close approach to a non-cooperative tumbling target, and capture mechanism
readiness — have been solved at sufficient maturity to support first operational missions.

Technology Best-Suited Maturity Level Leading
Targets Developer

Magnetic Servicer docks via Satellites Operational — Astroscale
Docking integrated NdFeB designed with ELSA-M multi-
magnetic array on magnetic docking satellite removal
target's docking plate. plates (Astroscale = mission planned
Requires pre-installed standard). Not for 2026 launch
plate on target satellite. applicable to
legacy debris
without installed
interface.
Robotic Arm Multi-degree-of-freedom  Larger objects Phase 2 ClearSpace
Capture robotic arm reaches and  (rocket bodies, milestones (ESA
grips target at structural intact derelicts) complete (May contract)
feature or designated with accessible 2025).
interface point. structural ClearSpace-1
features. Does not  operational
require pre- mission planned
installed interface  for 2026.
on target.
Net Capture Deployable net High-rotation-rate Demonstrated in  Airbus /
launched at tumbling objects where RemoveDEBRIS  ESA

target. Envelops target

regardless of

robotic arm
approach is not

technology
mission. Further
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orientation. feasible. Lower development
precision capture required for
acceptable. operational
deployment.
Harpoon Tethered harpoon Rigid targets with Demonstrated in  Airbus /
Capture embeds in debris object.  accessible RemoveDEBRIS. ESA
Allows tether-controlled surfaces. Not yet at
approach or direct Compatible with operational
deorbit. high-rotation readiness.
targets.
lon Beam Directed ion beam Objects where Research stage. Various
Shepherding applies continuous low- physical contactis  No operational research
thrust force to target not feasible. demonstration as  programmes
without physical contact. Requires of 2026.
sustained
proximity
operations.
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MAGNETIC DOCKING
rative targets with
ompatible interfaces.
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or momentum transfer.
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TARGET STATE:
COOPERATIVE vs NON-COOPERATIVE

Figure 1: ADR Capture Modality Mapping: Mechanical and physics-based extraction methods cross-referenced by
target cooperative status and technical readiness.
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3. The Mission Landscape — State of the Art in 2026

The ADR mission landscape in 2026 is defined by a small number of highly significant
programmes that collectively represent the transition from technology demonstration to first
operational deployment. Each mission advances the state of the art in a specific dimension —
approach operations, capture technology, multi-target economics, or national programme

development.

ADRAS-J

ClearSpace-
1 (CLEAR)

ELSA-M

COSMIC

CRD2

Astroscale Japan
(JAXA contract)

ClearSpace SA
(ESA contract —
EUR 86 million)

Astroscale (UK
Space Agency +
commercial)

Astroscale (UKSA
contract)

Astroscale (JAXA
contract)

Rendezvous and
Proximity
Operations;
debris
characterisation

4-arm robotic
capture system

Magnetic
docking; multi-
satellite removal

Magnetic
docking

Proximity
operations
Phase 2

Japanese H-11A
rocket body, ~3
tonnes, ~600 km
SSO

VESPA adapter,
~112 kg, 801 km
SSO

OneWeb
decommissioned
satellites, ~1,200
km

Two inactive UK
LEO satellites

Two JAXA-
designated large
debris objects

December 2024
achieved
approximately 15-
metre approach —
first commercial
close approach to
space debris. Phase
2 inspection
operations ongoing.
Benchmark event for
the entire ADR field.

Phase 2 milestones
complete May 2025.
Operational mission
launch planned
2026. First ESA-
contracted
commercial debris
removal.

Development stage;
2026 launch
planned. First
commercial mission
designed for multi-
satellite removal
economics — critical
step toward
commercial viability.

UK's first national
debris removal

mission. Planned
2026 deployment.

Japan's national
debris removal
programme. Phase 1
contract awarded;
operational phases
in development.

The concentration of operational activity at Astroscale reflects the company's first-mover
advantage in the commercial ADR market. Having raised approximately $384 million across its
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funding history and achieved public listing on the Tokyo Stock Exchange, Astroscale has
established the magnetic docking interface as a de facto industry standard for satellite design,
with growing adoption among constellation operators designing for end-of-life service
compatibility.

© 2026 Qontra - gontra.space - All rights reserved
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4. The Commercial Market — Formation, Constraints, and
Trajectory

Market Size and Structure

The global Active Debris Removal and debris monitoring market represents a growing commercial
opportunity, though the removal-specific segment remains in early formation. The total market
— encompassing Space Situational Awareness services, collision avoidance data, debris
monitoring, and removal missions — reached approximately $1.4 billion in 2026. Of this,
monitoring and SSA services account for the majority of revenue. The pure capture-and-removal
market is currently measured in hundreds of millions annually, driven almost entirely by
government procurement (the fiscal divergence and growth trajectories between tracking
telemetry and physical deployment are detailed chronologically in Figure 2).

Market Segment 2030 Primary Driver
Projection

Total Debris Monitoring ~ $1.31B $1.40B $1.84B Government spending;
& Removal commercial SSA;
regulatory requirements

ADR Capture Missions  $0.12B $0.20B $0.75B+ First commercial

(removal only) contracts; national
programme investment

Europe (leading region)  Largest Dominant Continued ESA contract pipeline;

share leadership EU Space Law

incoming; first-mover
advantage

North America Significant Growing Strong growth ORBITS Act potential;

NASA programme
spending; Starlink fleet
management needs

Asia-Pacific Growing Accelerating  Fast-growing JAXA CRD2; China
national programme;
emerging commercial
operators
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COMMERCIAL SPACE SUSTAINABILITY MARKET GROWTH (2025-2030)
MARKET SIZE PROJECTIONS (USD BILLIONS)
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Figure 2: ADR Market Dynamics 2025-2030: Divergence between established situational awareness monitoring and
embryonic physical removal procurement.

The Commercial Viability Problem — and Its Solution

The central challenge for the ADR commercial market is the unit economics gap. ESA's
ClearSpace-1 contract at EUR 86 million for a single 112-kilogram object illustrates the capital
intensity of first-generation removal missions. For commercial constellation operators to procure
ADR disposal assurance as a routine lifecycle cost, removal mission economics must improve by
at least one order of magnitude. The path to that improvement runs through multi-target mission
design — a single servicer vehicle removing multiple objects per mission, spreading the fixed
rendezvous and approach cost across multiple removals — and through technology maturation
that reduces development costs.

Critically, the commercial ADR market is not self-sustaining at its current scale. It is sustained by
government procurement and the expectation of regulatory enforcement. The transition to
commercial sustainability depends on one key mechanism: regulatory enforcement strong
enough that constellation operators cannot avoid disposal costs by non-compliance. The FCC's
ability to deny spectrum licence renewal to non-compliant operators is the most effective
instrument currently in place. As additional jurisdictions adopt equivalent mechanisms, the
commercial case for ADR disposal assurance services strengthens proportionally.

The ADR market does not need a technological breakthrough to reach commercial
scale. The technology has been demonstrated. What it needs is regulatory
enforcement that makes the market price of compliance lower than the regulatory
price of non-compliance. That condition is approaching on a five-to-ten year
horizon. The institutions positioning themselves in this market today are building at
the right moment.

Page 10



@ QONTRA - White Paper - WP-DEB-003

5. The Governance Gap — The Unresolved Question

Legal Authority and the Jurisdiction Problem

The most consequential unresolved governance question in the ADR domain is legal authority:
who has the right to approach, capture, and deorbit a satellite registered to another state? Under
the Registration Convention of 1976, the state of registration retains jurisdiction and control over
a space object for its entire orbital lifetime — including after it becomes defunct and uncontrolled.
A commercial ADR operator seeking to remove a defunct Russian satellite requires Russian
consent. An operator seeking to remove a defunct Chinese satellite requires Chinese consent.

The geopolitical reality of 2026 is that this consent requirement creates a structural barrier to
large-scale ADR operations on the objects that represent the greatest debris risk. The highest-
priority removal targets include objects registered to Russia, China, and other nations with
strategic incentives to maintain de facto veto rights over the removal of their orbital assets.
Bilateral consent agreements adequate to enable systematic removal of these objects do not
exist at the scale the debris environment requires.

The Dual-Use Impasse

The governance barrier is compounded by the dual-use nature of ADR technology itself. A
spacecraft that can rendezvous with and capture a defunct satellite is technically a spacecraft
that can approach and disable an active one. The hardware distinction between a responsible
debris removal vehicle and a co-orbital anti-satellite weapon is, from an engineering standpoint,
marginal. China and Russia have consistently used this framing to resist international ADR
governance frameworks, characterising Western ADR development as military capability
development under a sustainability cover.

This creates a genuine strategic dilemma: the technology the orbital environment most urgently
needs is the technology that the geopolitical structure makes hardest to govern. Progress toward
international ADR governance at scale will require either sustained bilateral trust-building between
major space powers, or the emergence of neutral institutional frameworks that neither bloc
perceives as serving the other's military interests. Both paths are long. Neither is impossible.

© 2026 Qontra - gontra.space - All rights reserved
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6. The Opportunity — Five Dimensions

» Government procurement contracts represent the immediate commercial opportunity.
National ADR programmes in Japan, the United Kingdom, and the European Union are
actively procuring commercial ADR services. The US ORBITS Act, if enacted, will create
additional procurement mandates. Organisations with demonstrated ADR-compatible
design and technical credibility are positioned to engage these procurement pipelines
directly.

» Constellation end-of-life services will be the growth market. As mega-constellations
mature and first-generation satellites reach end-of-life in the 2027-2032 window, the
commercial market for systematic decommissioning services will form. The operators
with magnetic docking interface designs already installed — and the servicers designed
to engage them — will capture this market.

* Intelligence services supporting ADR operations represent an adjacent opportunity. ADR
operators require high-precision characterisation data on specific debris objects —
tumble rates, structural condition, orbital state vectors — at resolutions that standard
SSA services do not provide. Orbital intelligence infrastructure capable of providing this
characterisation data serves the ADR market without requiring any direct involvement in
capture operations.

» Governance participation shapes long-term market access. The institutions actively
engaged in international ADR governance frameworks — ITU proceedings, IADC
working groups, UN COPUQOS deliberations — will disproportionately influence the
regulatory architecture that defines the commercial ADR market of 2030 and beyond.
Early engagement in governance processes is a form of market positioning.

* The neutral infrastructure platform creates unique partnership value. ADR operators
require partners across geopolitical boundaries. Orbital intelligence infrastructure that is
credibly neutral — by ownership, doctrine, and institutional design — can serve as a
trusted intermediary between ADR operators and sovereign governments in a landscape
where bilateral ADR agreements are the primary governance mechanism currently
available. The phased milestones defining this capability integration are managed via a
strict operational sequence (the long-term strategic enterprise trajectory is detailed in
Figure 3).
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STRATEGIC ENTERPRISE ROADMAP

EVOLUTIONARY PATH TO SPACE SUSTAINABILITY LEADERSHIP

CURRENT NEAR TERM MID TERM

PHASE 1: PHASE 2: PHASE 3:

MONITOR & MAINTAIN LAUNCH DEBRIS FORMAL ECOSYSTEM
ADR-READY DESIGN “ZT | INTELLIGENCE PRODUCTS PARTNERSHIPS
(CURRENT) (2026-2027) (2027-2028)

STRATEGIC FOCUS STRATEGIC FOCUS STRATEGIC FOCUS

« Enhance space situational awareness + Commercialize high-integrity debris data + Forge sovereign and commercial partnerships

+ Maintain ADR-ready spacecraft architecture + Deliver predictive analytics & risk insights + Co-develop ADR and in-orbit services
« Build internal capability and data infrastructure « Integrate Al/ML for conjunction intelligence « Participate in global standards and policy

« Establish compliance and risk framewarks + Secure early revenue through subscriptions + Build integrated space sustainability ecosystem
and data services

Figure 3: Qontra Space Sustainability Roadmap: Phased implementation from passive ADR-compatibility to active
commercial debris intelligence and ecosystem integration.

About Qontra

Qontra is a deep technology company building planetary-scale orbital intelligence infrastructure
across all 195 countries. The Qontra Orbital Network of Reconnaissance incorporates Active
Debris Removal compatible design across all LEO relay and backup class satellites —
standardised magnetic docking interfaces, optical markers, structural interface specifications,
and tumble characterisation protocols — as a forward-looking design commitment made ahead
of regulatory requirements.

Qontra's Technology Anticipation and Readiness Unit and Orbital Sustainability Research Unit
monitor ADR technology development, market formation, and governance evolution as
continuous research programmes. Qontra's intelligence collection capability and neutral
institutional position create a specific partnership value for ADR operators, national programme
procurement offices, and sovereign institutions navigating the orbital sustainability landscape.

For partnership enquiries, programme engagements, or intelligence services in the orbital
sustainability domain, contact Qontra through official channels.
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