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Space-based data centres are no longer science fiction, but they
are not solved infrastructure either. The most credible near-term
market is likely to be specialised orbital edge, storage and
sovereign compute. True hyperscale Al training in orbit remains a
high-stakes bet on several thresholds being crossed at once.




Off-World Compute

The digital economy is beginning to collide with terrestrial infrastructure limits. Al workloads are
intensifying demand for power, land, cooling and grid connections at precisely the moment many
primary data-centre markets are facing long interconnection queues, permitting friction, water
constraints and local opposition. That pressure explains why orbital compute has moved from a
speculative idea to a serious commercial and strategic proposition.

Prerequisite: SpaceX Starship must achieve ~180 launches/year cadence

with full reusability to reach target economics.
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The attraction is intuitive: space offers near-continuous solar energy, physical separation from
terrestrial siting bottlenecks, and the possibility of a new layer of digital capacity beyond Earth. But
that framing can be misleading if it suggests that orbit removes infrastructure constraints. It does

not. It changes which constraints dominate.

% Near-Continuous Solar Power

Orbital platforms can harvest solar energy without the day/night and weather interruptions
that constrain terrestrial renewable supply.

@ No Terrestrial Siting Friction

Orbit bypasses permitting delays, land scarcity, water constraints and local opposition that
are slowing data-centre expansion on Earth.

@E New Capacity Layer

Space offers the possibility of an entirely new tier of digital infrastructure, decoupled from
the geographic and political limits of terrestrial grids.

@ The real question: The issue is no longer whether computing can happen in space, we
know it can. The challenging question is whether it can become economically viable,
operationally resilient and strategically useful at meaningful scale.



The Thermodynamic Ceiling

ENGINEERING REALITY

The Core Problem

The primary hurdle is heat rejection. Space is
cold only in a colloquial sense. In vacuum,
there is no air to carry heat away. Every watt
of compute power must ultimately be rejected
through thermal radiation, creating a hard
cooling tax on every orbital platform.

A theoretical 2 MW orbital data-centre
platform requires roughly 3,950 m? of
radiator area — close to the footprint of a city
block. Even using modern lightweight radiator
materials, the thermal-management system
alone can approach 40,000 kg.
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The Economic Consequence

At current launch prices, simply placing the
cooling architecture in orbit can cost around
$60 million to $140 million before a single
processor is counted. This is why orbital
compute is not just terrestrial cloud
infrastructure moved upward.

In orbit, the radiator is not a secondary
subsystem. It becomes one of the defining
economic and structural features of the
platform, a constraint with no terrestrial
equivalent.

/A The thermal-management system is
the dominant mass, cost and design
driver, not the compute hardware
itself.
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Key Constraint: Radiation hardening requires larger transistor geometries
and conservative designs — performance stays orders of magnitude below

terrestrial silicon even at equivalent power budgets.

Orders-of-magnitude compute gap constraining orbital data-centre architectures.



The Expendable-Compute Model

ECONOMIC FRAGILITY

The economic model of orbital data centres departs sharply from the terrestrial circular economy.

On Earth, data-centre operators can upgrade, repair, repurpose and resell hardware. Servers move

into secondary markets after their frontline life, allowing operators to recover value and extend

useful asset life. In orbit, that logic largely breaks down.

Radiation
Degradation

Space-based systems
face continuous radiation
exposure that shortens
hardware lifespan and
pushes platforms into an
expendable-compute
model with no resale
pathway.

Limited Servicing
Options

Launch cadence
constraints and end-of-
life disposal requirements
mean hardware may be
designed to burn up in the
atmosphere, destroying
its residual financial value
entirely.

Frozen Hardware
Generations

A billion-dollar orbital
asset can be locked into a
single generation of
compute from the
moment it leaves the pad.
If a more efficient chip
architecture arrives 18
months later, the orbital
platform cannot simply
swap racks as a terrestrial
data centre can.

That lifecycle mismatch matters acutely because Al hardware evolves quickly. The inability to

upgrade mid-mission means orbital platforms carry a structural obsolescence risk that terrestrial
competitors do not face — a fundamental asymmetry in the competitive economics of the sector.
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Signals to Watch

MARKET MONITORING FRAMEWORK

The success or failure of space-based data centres will not hinge on a single breakthrough. The

market becomes credible only if aerospace, compute, communications, economics and regulation

move together. The table below turns the thesis into a practical monitoring lens.

Signal

Heavy-lift launch
economics

Thermal management
breakthroughs

Terrestrial Al efficiency

COTS radiation
degradation

Orbital debris and
environmental rules

Federated swarm and
OISL interoperability

Sovereignty and export
controls

Threshold to Watch

$200-300/kg to LEO; high-cadence reuse

from Starship, New Glenn or equivalent
systems

Flight validation of loop heat pipes, capillary
pumped loops and lightweight radiators for

high-density chips

Major gains in model efficiency,
quantisation, edge Al or grid-connected
data-centre performance

Real lifespan data for commercial GPUs,
SSDs and memory with software-
implemented fault tolerance

Stricter debris mitigation, launch-emissions

reporting, environmental taxation or
constellation-scale approval constraints

Terabit-scale optical inter-satellite links and

multi-vendor standards for distributed
orbital compute

ITAR / export-control limits on high-tier Al

chips, plus data-sovereignty rules for
sensitive orbital workloads

Why It Matters

The threshold condition. At today's
costs, gigawatt-scale orbital compute
remains structurally uneconomic.

The physical bottleneck. Waste heat
must be radiated away, turning
cooling into a mass, area and launch-
cost problem.

The stranded-asset risk. If terrestrial
systems improve faster than orbital
systems become cheap, the premium
case weakens.

Determines replacement economics.
Radiation degradation can shorten
useful life and force an expendable-
compute model.

The regulatory wildcard. Large arrays
increase collision cross-section;
repeated heavy launches challenge
green narratives.

The architectural pivot. Distributed
swarms require seamless, high-speed
optical networking to avoid single
points of failure.

The geopolitical ceiling. High-
performance GPUs are dual-use, and
orbital data infrastructure sits across
unsettled jurisdictions.

® Different company types should weight these signals differently. Pure-play hyperscale startups must watch launch
economics and thermal management most closely — if either moves negatively, the model becomes technically or

economically fragile. Orbital edge and storage providers should focus on COTS radiation degradation and OISL
interoperability, as their hardware must survive and communicate reliably without requiring gigawatt power.
Infrastructure enablers are more insulated, but a collapse in Al-driven orbital demand would still reduce upside

significantly.



The Market Is a Stack, Not a Single Sector

The current landscape should not be read as one uniform market. It is better understood as a stack
of overlapping experiments, each with different technical burdens and commercial logic. This
distinction is important because the failure of hyperscale orbital Al would not necessarily invalidate
every enabling technology or niche workload.

Infrastructure Enablers

Launch, satellite buses, radiation-resilient processors, power systems, optical links and
integration platforms.

Risk profile: More insulated. These firms can serve telecoms, defence, Earth observation
and broader space infrastructure even if hyperscale SBDCs disappoint.

Orbital Edge & Sovereign Compute

In-orbit inference, Earth-observation filtering, secure storage, disaster recovery and
government / defence-linked workloads.

Risk profile: More plausible near term. These models operate within lower power
envelopes and do not require gigawatt-scale Al training infrastructure.

Hyperscale Al Training

Large orbital compute platforms intended to move intensive Al training off Earth
entirely.

Risk profile: Highest-risk segment. Success depends on ultra-cheap launch, high-
cadence deployment, scalable thermal control and sustained exponential demand for
Al compute.



THE SBDC ARCHITECTURE STACK (2026)

Building the Space-Based Data Center (SBDC) Ecosystem
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The Due-Diligence Lens: Identifying the

Reality Gap

The best way to read the sector is to look for the gap between claims and physics-bound
explanations. Any credible SBDC model needs a clear answer to heat rejection, radiation
management, launch emissions, communications architecture, replacement cycles and regulatory

exposure.

The Thermodynamic
lllusion

Pitches implying passive
cooling can support dense Al
hardware without major
radiator mass should be treated
carefully. Space is not a free
heat sink; vacuum removes
convection and makes radiator
area a central cost driver.

The Launch-Emissions
Paradox

Claims of zero-carbon orbital
compute can ignore the
embodied emissions of

hardware manufacturing, heavy
launch campaigns and
atmospheric re-entry. The
environmental case must be
assessed across the full
lifecycle.

The Latency Floor

Cislunar or deep-space storage
cannot behave like interactive
cloud computing. Physics
imposes round-trip latency that
confines many use cases to
asynchronous backup, storage
or disaster-recovery
workloads.

® Exposure is structural business risk. High-exposure firms depend on the SBDC thesis
scaling; low-exposure firms are better insulated by broader aerospace, telecoms, defence

or terrestrial-cloud markets.

Orbital Debris

Kessler
Syndrome

Geopolitical

Hardware
Obsolescence

Probability: High

mpact: Catastrophic

Kessler Syndrome / Debris

Probability: Medium

mpact: High

35,000+ tracked objects and ~1M
lethal fragments in LEQ. Massive
SBDC radiators create enormous
collision cross-sections,
accelerating cascading debris
chains.

Probability: Medium

mpact: High

SBDCs bet on infinite Al demand
growth. Algorithmic efficiency gains
{quantization, sparse nets, Edge Al)
could eliminate the need for
massive centralized orbital

compute.

Al chips classified as dual-use tech
under ITAR. Export restrictions
could halt replacement chip supply.
Data sovereignty in orbit is legally

uncharted tarritory.

Hardware Obsolescence
Probability: Certain

mpact: Moderate

Terrestrial chips iterate every 2—-3
years. SBOC hardware is frozen at
launch, degrading via TID radiation.
No on-orbit servicing means
permanent competitive

disadvantage.

Key deployment risks for orbital data centres: debris, geopolitics, regulatory exposure, Al-market dependency and hardware

obsolescence.



Takeaway: Credible Enough to Watch, Fragile
Enough to Interrogate

Off-world compute should be understood neither as science fiction nor as solved infrastructure. The
sector has moved beyond concept in a narrow technical sense: meaningful onboard processing has
been demonstrated, serious companies are entering the market, and enabling technologies are
maturing across launch, power, compute, communications and orbital infrastructure.

But the most expansive claims remain highly conditional. Hyperscale orbital Al training requires
launch costs to fall dramatically, heavy-lift cadence to materialise, thermal-control systems to scale,
COTS hardware to survive radiation exposure, communications networks to mature, and regulators
to tolerate larger orbital infrastructure. No single milestone is enough.

Near Term 4“

Orbital edge Al, Earth-observation
filtering, bandwidth reduction and

secure storage — aligned with current .
9 9 97 Mid Term

technical limits.
Resilient backup, specialist sovereign

and defence-linked workloads as COTS

Long Term —a radiation data matures and OISL

Hyperscale Al training in orbit — networks develop.
contingent on launch economics,
thermal breakthroughs and sustained

exponential Al demand all converging.

Thermal Management Launch Economics

The defining physical constraint — radiator $200-300/kg to LEO is the threshold
mass and area dominate platform condition for any viable orbital compute
economics. business case.
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Hardware Obsolescence Regulatory Exposure
Expendable-compute economics and frozen Debris rules, export controls and
hardware generations create structural sovereignty questions remain unsettled

asymmetry versus terrestrial rivals. wildcards for the entire sector.
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Strategic Advisory Support Investigations
A multidisciplinary advisory service Investigations into supply chains, conflict-
providing monthly horizon scans, OSINT- zones, conflict minerals, human rights,
backed supply chain monitoring, and direct labour conditions and environmental harms.

access to our senior experts for real-time
strategic counsel.

©

Policy & Regulatory Navigation Conviction Testing
Regulatory landscapes shift before the Every investment team develops blind spots.
legislation lands. We track the political We provide an independent expert challenge

dynamics behind government frameworks to your core investment theses.

so our clients can anticipate change and
position accordingly.

Ready to Work With Us?

Whether you are an investor seeking independent intelligence, an institution navigating regulatory
complexity, or an organisation requiring bespoke strategic analysis, Challenger Research is ready to
discuss how we can support your objectives.

@ challengerresearch.com james@challengerresearchgroup.com




