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Data centers in space

The forces pushing and pulling data center infrastructure above
the cloud

Key Highlights
e Thefeasibility of orbital data centers depends on the workloads that will dominate future demand

e Thefutureis not replacement, but functional specialization: orbital systems handling asynchronous,
energy heavy workloads, while Earth based data centers retain dominance in real time computing

e Key milestones and metrics to monitor give investors and data center operators an advantage in their
strategic planning

Introduction

As the world's appetite for data and artificial intelligence continues its exponential growth, the terrestrial
constraints of land, power, sustainability, and geopolitical security are pushing the data center industry to
consider radical new horizons. At the same time, a different kind of infrastructure is being assembled
above us to cater to the exponential increases in data generated ‘above the cloud’.

Once the realm of science fiction, data centers in space are becoming reality. Companies like Starcloud,
Aetherflux, and even major players like SpaceX and Google are actively developing and deploying the first
generation of orbital data centers and space-data infrastructure.

This is the result of two powerful forces: Terrestrial constraints pushing compute beyond Earth's
atmosphere, and orbital economics pulling it upward.

This JLL Future Vision article details the drivers of change and explores ‘what must be true’ for data
centers in space to become a mainstay of the industry.

The question is no longer whether compute will move to orbit. It is whether the real estate industry will be
ready when it does.
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Push back

Data centre constraints are structural, not cyclical.

Global data center energy consumption reached approximately 415 TWh in 2025. Installed capacity
stands near 100 GW, with nearly 100 GW more expected online by 2030, effectively doubling global
compute infrastructure within a decade. The demand curve is driven overwhelmingly by Al workloads,
which are among the most energy-intensive compute tasks ever scaled commercially.

Nearly 100 GW of new data centers will be added between 2025 and 2030,
doubling global capacity
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Note: Supply totals include colocation, build-to-suit, hyperscale owner-occupied and on-prem
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Assignificant shift is anticipated in 2027, when inference workloads could overtake training as the
dominate Al requirement
Total global data center workloads (GW)
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Speed to power is a business imperative in the data center industry. Grid connection timelines now range
from two years in emerging hubs like Mumbai to up to ten years in constrained markets including
Amsterdam and Tokyo. In many regions, the bottleneck is no longer price, it is access, timing, and
political feasibility.

Land is equally contested. Geopolitical risk is concentrating data center development into a shrinking
number of perceived "safe" jurisdictions, intensifying competition for sites, power, and social licence in
those markets. Water usage remains a point of contention, although substantial advances in closed-loop
infrastructure have reduced the annual usage to below 600,000 gallons, less than farms, golf-courses, or

five-homes. (Source: QTS Data Centres). Data sovereignty concerns, national security restrictions, and
jurisdictional exposure are reshaping where compute can legally and practically be located.


https://www.forbes.com/sites/maryroeloffs/2026/05/13/people-would-rather-have-nuclear-power-plants-in-their-area-than-ai-data-centers/
https://www.forbes.com/sites/maryroeloffs/2026/05/13/people-would-rather-have-nuclear-power-plants-in-their-area-than-ai-data-centers/
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The result is a system under pressure from multiple directions simultaneously: energy scarcity,
infrastructure latency, geopolitical concentration, local community resistance, and physical climate risk.
These are not problems that incremental efficiency gains will solve.

Earth is becoming harder to build on, pushing operators to consider alternatives.

To address the most fundamental challenge, orbital data centers propose a fundamentally different
energy equation. Continuous exposure to solar radiation in low Earth orbit offers the potential for
abundant, predictable power generation without grid interconnection, backup generation, or terrestrial
permitting constraints.

Starcloud and other early movers estimate that, at scale, orbital solar energy could be materially
cheaper than terrestrial power, provided launch and deployment costs continue to decline.

For a 40 MW cluster operated for 10 years in space vs. on land, they estimate a $138m potential
saving on energy*.

“assuming $0.04/kWh-source: Starcloud Whitepaper “Why we should train Al'in space”

However, cooling in space presents a paradox. While the vacuum of space offers near-zero operational
cooling costs and immunity from ambient temperature swings, it creates a fundamental engineering
challenge: heat cannot be convected away from equipment without air. Instead, waste heat must be
emitted through large passive radiators, requiring far greater surface area than terrestrial systems. This
means that while cooling accounts for 10-30% of terrestrial operational expenses, space-based facilities
trade ongoing energy costs for dramatically higher upfront capital expenditure in radiator infrastructure
and launch mass.

The resultis cooling that's simultaneously elegant in theory-zero water use, minimal ongoing power
consumption-and demanding in practice, requiring substantially more material, surface area, and initial
investment than Earth-based alternatives.
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The gravitation pull of data

With 324 orbital launches recorded globally in 2025-more than double the figure from five years prior and
representing a 25% year-on-year increase-humanity's activity in space is accelerating at an

unprecedented pace. (Source: SpaceStatsOnline)

SpaceX's FCC filing requesting approval for a constellation of one million data center satellites
signals the industry's shift from experimental pilots to commercial-scale deployment ambitions.

Filed a request with the FCC for a constellation of one million data center satellites into orbit

AWS Ground Station provides satellite-as-a-service infrastructure, positioning Amazon to bridge
terrestrial and orbital workloads as the architecture evolves toward hybrid deployments.

Satellite as a service

The surge in launches signals that it is easier than ever to get data into orbit; the challenge now becomes
managing the logistics of an orbital data ecosystem, mirroring the subsea cable deployment revolution of
the 1990s that enabled global internet connectivity. Just as those undersea networks moved data
infrastructure closer to where information was generated and consumed, the proliferation of satellites is
creating a parallel dynamic above Earth's atmosphere.

Microsoft Azure Orbital has already deployed cloud connectivity services to satellites,
demonstrating that major tech platforms are building the foundational infrastructure layer for
space-based computing.

Already offering cloud connectivity to satellites

Modern Earth Observation (EO) satellites capture terabytes of data a day. Sending raw data to earth for
processing is slow and expensive, often limited by alignment to ground stations. As such, edge processing
and analysis is rising in popularity, processing data ‘in orbit’ and sending only results back to earth rather
than raw data. Data centers in space will likely act as edge computing solutions for on-orbit processing
reducing downlink bandwidth pressure. However, not all compute can move to space.


https://spacenews.com/spacex-china-drive-new-record-for-orbital-launches-in-2025/
https://fccprod.servicenowservices.com/icfs?id=ibfs_application_summary&number=SAT-LOA-20260108-00016
https://www.bbc.com/news/articles/cyv5l24mrjmo
https://aws.amazon.com/ground-station/
https://azure.microsoft.com/en-us/blog/introducing-azure-orbital-process-satellite-data-at-cloudscale/
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The feasibility of orbital data centers ultimately depends on what type of workloads dominate future
demand. Al training, batch processing, simulation, and data generated directly in orbit are inherently
more tolerant of latency and intermittent connectivity. These workloads are also among the most energy
intensive, making them prime candidates for relocation to where power is abundant.

Google's Project Suncatcher represents direct investment in orbital Al training feasibility,
with planned test satellite launches by 2027 to validate machine learning workloads in space.

Project Suncatcher

By contrast, real time inference, transaction processing, and latency sensitive applications will
continue to favour terrestrial infrastructure located close to users and networks.

This architectural bifurcation suggests that the most likely future is not replacement, but functional
specialization: orbital systems handling asynchronous, energy heavy workloads, while Earth-based
data centers retain dominance in real time computing.

The practical reality of maintaining orbital data centres is also far more complex, as operators need
to not only navigate an increasingly congested environment-shared by more than 17,000 satellites
(more than half of which are in low-earth-orbit)-but also keep pace with the development cycles of
chip development, which are often substantially faster than satellite lifecycles; Al and GPU
technologies advance every 1-2 years, while satellites last 5-7 years, making hardware obsolescence
a persistent challenge.

Orbital infrastructure also faces substantial risks from space debris. An estimated 44,000 tracked
objects larger than 10 cm can destroy a satellite, and the Kessler Syndrome, a cascading collision
scenario, poses a real and growing threat in the most congested orbital zones where data centres
would operate.


https://blog.google/innovation-and-ai/technology/research/google-project-suncatcher/
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Countdown to launch-Milestones to watch

Four technical and economic thresholds will determine whether orbital data centers transition from niche
deployment to mainstream infrastructure over the next decade. Tracking these milestones provides early
warning indicators for when strategic decisions become time critical.

Launch cost trajectory

The $500/kg inflection point. SpaceX's Starship programme targets $200/kg, down from current
Falcon 9 costs of $2,700/kg. A potential 93% reduction that would fundamentally alter orbital
infrastructure economics. According to McKinsey analysis of Starcloud's business model, $500/kg
represents the threshold where space-based compute becomes cost-competitive with terrestrial
alternatives; below that level, it becomes structurally cheaper even after accounting for replacement
cycles and data transmission costs.

Monitor quarterly launch cadence and published Starship payload pricing.

If manufacturing scale and full reusability drive costs below $500/kg by 2028-2029, the economic
case for orbital deployment accelerates dramatically.

Operational validation

2027-2028 hyperscaler pilots. Google's Project Suncatcher test satellites launching in 2027 represent a

critical proof point. These validation missions have been designed with specific performance benchmarks
designed to demonstrate that Al training workloads can run reliably in orbit with acceptable latency,
throughput, and cost characteristics.

If Google publicly confirms successful model training, publishes inference benchmarks
comparable to terrestrial performance, and validates cost projections within target parameters by
late 2027 or early 2028, expect accelerated investment announcements from AWS, Microsoft Azure,
and other hyperscalers.




Data centersin space

Debris management demonstration

The Kessler syndrome risk of cascading collisions that could render entire orbital zones unusable remains
the existential threat to space-based computing at the scales being explored. Constellations of 88,000
satellites (Starcloud's stated target) or one million (SpaceX's FCC filing) are viable only with proven,
reliable end-of-life disposal mechanisms and demonstrated active debris removal capabilities that can
operate economically at scale.

Monitor three specific indicators

Regulatory developments around mandatory deorbit timelines and collision avoidance standards,
successful demonstration missions of autonomous debris capture and removal technology and
crucially, insurance market behavior.

Terrestrial infrastructure bottlenecks

Grid connection timelines and community resistance. Orbital data centers become compelling
primarily if terrestrial infrastructure cannot keep pace with Al compute demand. Power purchase
agreements at viable pricing are increasingly difficult to secure in markets where data center
concentration has saturated local grid capacity.

If grid connection delays in major markets extend beyond five years or if community
resistance meaningfully restricts infrastructure investments, the opportunity cost of delayed
terrestrial deployment may exceed the premium of orbital alternatives.

If governments respond with fast-track permitting, dedicated power generation, or breakthrough
power/cooling technologies, terrestrial constraints may resolve before orbital capacity reaches
commercial scale.
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Final thoughts

Looking ahead, the trajectory of data centers in space will be defined by both technological milestones
and operational realities, with profound implications for the future of digital infrastructure. As access to
orbit becomes more affordable, the opportunity for functional specialization between terrestrial and
orbital systems grows clearer. The greatest value will come to those who anticipate and monitor the
critical inflection points in launch economics, operational reliability, and debris management.

Forinvestors, operators, and policymakers, the challenge is to balance ambition with resilience, keeping
track of innovation while addressing the very real risks in orbital deployment and debris management.
Sustained progress will require collaboration across technology, aerospace, and real estate sectors to
ensure that space-based infrastructure is not only possible but practical and secure.

As the industry moves beyond feasibility to implementation, readiness and adaptability will determine
who leads in this new era of compute above the cloud.
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