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Putting data centers in space once seemed fanciful. Today, a growing number of companies are
seriously exploring doing so. This activity is concentrated in the United States but spread across at
least a dozen countries globally. The number of data centers launched to space will likely grow in the
years ahead.

SpaceX is by far the largest player in this market. Founded and led by Elon Musk, the company has a
track record of significant accomplishments in the space economy. SpaceX technology has been the
main force behind a dramatic drop in launch costs in the past 15 years (in the range of 70-95%,
depending on the rockets used for comparison).™? The Starlink network of communications satellites,
owned by SpaceX, now operates roughly 2/3rds of the satellites in the sky.3

In January 2026, SpaceX sought permission from the US Federal Communications Commission (FCC)
to operate one million space-based data centers (SBDCs). To date, four other companies have
followed, with applications that propose to put several hundred thousand more data centers in low
Earth orbit (LEO). These companies include Blue Origin, led by Amazon founder Jeff Bezos, and
Starcloud, a venture-backed company that has already trained artificial intelligence (Al) models in
space. Several other companies have indicated interest in operating SBDCs, using existing FCC
licenses to pursue initial deployments.

Activity is hardly limited to the United States:

The Chinese company ADA Space has proposed to build a 2800-satellite “Star Compute”
constellation, also known as Three-Body Computing. ADA Space launched the first 12 satellites in
May 2025.4°

In December 2025, China Aerospace Science and Technology Corporation (CASC) announced plans
to deploy gigawatt-scale SBDCs by 2030.°

The European Commission is funding the ASCEND (Advanced Space Cloud for European Net zero
emission and Data sovereignty) feasibility study, coordinated by Thales Alenia Space, to determine
if SBDCs can help meet the EU Green Deal's net-zero carbon objectives and other goals.”?

India’s Neev Cloud has announced plans for a pilot launch by the end of 2026 and 600 more SBDCs
in the next three years.®
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= Madari Space, a UAE company, has also announced plans for a pilot launch of SBDCs in 2026.1°

= Activity on SBDCs is underway in Japan, Israel, Singapore and other countries as well.1113
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What'’s behind the growing momentum toward operating data centers in outer space?

First, the exploding demand for Al compute on Earth.

Demand for Al compute is rising at extraordinary speed. Al data center capacity has more than
tripled globally in the past two years. The International Energy Agency (IEA) estimates that electricity
consumption by Al-focused data centers grew 50% globally in 2025. BloombergNEF projects capital
expenditures of more than $750 billion by the 14 largest publicly owned data center operators in
2026. The capital expenditure of leading technology companies is now larger than global investment
in oil and natural gas production.??

These trends are expected to continue. The IEA projects that data centers’ global electricity
consumption will roughly double by 2030. McKinsey projects that technology companies are
projected to spend more than S5 trillion on data centers in the same period. Although many analysts
believe current technology company valuations are characteristic of a bubble, demand for Al
compute is generally expected to keep growing. Companies with interests in SBDCs are committing
significant capital on the assumption that demand for Al compute will remain strong through at least
the medium term.14-17
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High-voltage electricity transmission infrastructure. Source: Shutterstock

Second, challenges in finding sufficient electric power for data centers on Earth.

Many Al data centers require power supplies on the scale of medium to large cities, with high
degrees of reliability. The power demand for training frontier Al models is especially high. In many
parts of the world, the lack of electric power is a binding constraint on data center growth. The
problem is especially acute in the United States, but it is an important factor in many other
jurisdictions as well.18-20

Building new power generation facilities and connecting them to electric grids can be a very slow
process. Wait times for transformers, cables and gas turbines for combined-cycle plants stretch out
over many years. New transmission lines can take a decade or more to site and build. Data center
construction can collide with important public policy goals including low power prices and
decarbonization, slowing permitting processes. Data centers can often be built much faster than the
power infrastructure needed to operate them—a fact unlikely to change in the years ahead.*18

Third, the abundance of solar power in space.

Space offers the potential for generating a large amount of solar power. In some LEOs, satellites can
receive sunlight almost continuously, without interference from clouds or particles in the
atmosphere and with only brief periods of eclipse
(when satellites pass into Earth’s shadow).
However, specialized solar photovoltaic (PV) panels
are needed in LEO to avoid rapid degradation.
Google researchers estimate that, under perfect
conditions, solar panels in LEO could be eight times
more productive than solar panels on Earth.?%-23

Elon Musk discusses this topic in civilizational terms,
invoking the Kardashev scale. In 1964, Soviet
astronomer Nikolai Kardashev proposed classifying
a civilization by the energy it uses. A Type |
civilization commands the energy resources of its

Sun rise in space. Source: Shutterstock
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planet, a Type Il civilization taps the total output of its star, and a Type Ill civilization uses the energy
of its galaxy. Musk calls SBDC constellations an important step toward Type Il status for humanity
because they would increase use of the Sun’s power.2* (Some people may differ on whether the
pursuit of Type Il status should be a priority goal for humanity.)

Fourth, rapidly growing opposition to data centers from local communities on Earth.

Community opposition is emerging as a significant constraint on data center construction.?>2¢
Opposition is especially strong in the United States, where public sentiment has shifted dramatically
against data centers in the past year. In a May 2026 nationwide Gallup poll, 71% of respondents said
they opposed construction of an Al data center in their local area.?’” The governors of New York and
Texas have each imposed moratoria on data center construction in recent months, and more than
100 moratoria have been proposed at the local, county, state and national levels in the United
States.?®

Community opposition to data centers is strong in other countries including Ireland, the Netherlands
and Chile, as well. In Ireland, a proposed €1 billion data center was stalled after local protests over
traffic, noise, light pollution, infrastructure pressure, climate impacts and changes to the character of
the rural area.”® In the Netherlands, Meta cancelled plans for a giant data center after a Dutch
Senate motion asking the government to block the project.? In Chile, residents and local officials
challenged a proposed Google data center’s water use and aquifer impacts, leading an
environmental court to partially reverse the project’s permit.3!

Fifth, concerns about data center water use on Earth.

Historically, cooling technologies at some data centers consumed large volumes of water.
Evaporative cooling was the major culprit. In evaporative cooling systems, an estimated 80% of the
water withdrawn is lost to evaporation. A single large hyperscale data center can withdraw up to 1.8
billion gallons annually, equivalent to the needs of a town of 10,000 to 50,000 people.3? Although
modern data centers increasingly use closed-loop cooling technologies that consume very small
amounts of water, concerns remain about data center water use among many stakeholders.33

Hyperscaler data center in Eemshaven, Groningen, The Netherlands, 2025.
Source: Shutterstock
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In addition, power supplied to data centers by coal
plants and nuclear power plants can result in
significant water consumption for cooling at the
power plant. This “Scope 2” water use by data
centers can be very large, even if the data centers
receiving the power use closed-loop cooling
technologies with very little water use on-site.33

Launch costs have fallen dramatically in recent
years. Launch cost to LEO for the Falcon 9 is now SpaceX Falcon 9 launch from Cape Canaveral, Florida.
approximately $2600/kg for the Falcon 9 and December 2024. Source: Shutterstock

$1500/kg for the Falcon Heavy.3* These falling

costs have changed the economics of putting computing hardware into orbit. The cost declines are
not sufficient to make SBDC constellations cost-competitive today but suggest the potential for
significant further cost reductions. Some analysts have noted that the cost of terrestrial data centers
may rise while launch costs fall, so the cost curves for SBDCs and terrestrial data centers could
cross.?® (See Chapter 1.1(C)-Launch Costs for more detail on this topic.)

Several industry leaders are bullish about further launch cost reductions and their implications. Elon
Musk has said that rapidly reusable rockets could reduce “the cost of access to orbit and beyond” by
“a factor of 100 or more.”3> Jeff Bezos has made a similar argument, saying that rocket reusability
creates “a path to lowering the cost of access to space by a factor of 100.”3¢ Google’s Suncatcher
program projects launch costs falling to $200/kg by 2035, and Google CEO Sundar Pichai has said of
SBDCs, “There’s no doubt to me that a decade or so away we’ll be viewing it as a more normal way to
build data centers.”3’

SBDCs are unlikely to be profitable or compete with terrestrial data centers on cost in the short-term.
High costs for launches, radiation-hardened electronics, specialized thermal radiators and other
equipment are barriers. The inability to physically service hardware in orbit will increase life-cycle
system costs, as well. Google experts found that launch costs must reach roughly $200/kg—far
below current levels—for SBDCs to reach cost targets achieved by terrestrial data centers.?1,383°

However, the lack of short-term cost-competitiveness or profitability are unlikely to be barriers to
launching thousands of SBDCs into orbit. With the supply of compute constrained on Earth and
access to compute essential for developing frontier Al models, hyperscalers may be willing to accept
high costs for Al compute in space. Furthermore, several leading SBDC companies have the capacity
and, very likely, the willingness to sustain financial losses for many years to achieve market position
in this sector:
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= SpaceX founder and CEO Elon Musk has enormous financial resources and access to capital
markets. He operated Tesla for more than a decade before its first full year of profitability in
2020.4°

= Blue Origin owner Jeff Bezos is one of the world’s richest men, with enormous financial resources.

= CASC is a state-owned company of the kind that often receives significant financial support from
the Chinese government, independent of short-term profitability.*!

The growing momentum towards SBDCs could have far-ranging impacts—in orbit, in the atmosphere
and on Earth.

SBDCs could provide substantial compute capacity, serving a range of commercial interests and
human needs. They could relieve pressures on terrestrial power systems, many of which are straining
under rapidly increasing demand from data centers. They could help respond to growing opposition
to data center siting in communities around the world.

At the same time, large constellations of SBDCs would have a range of risks and negative impacts.
SBDCs could transform night skies, so that more satellites than stars are visible each night in much of
the world. They could create cascades of space debris, rendering parts of LEO unusable for decades.
They could lead to uncontrolled space debris falling to Earth. They could deplete the stratospheric
ozone layer. They could accelerate global warming. They could dramatically interfere with
professional astronomy, significantly reducing the value of billions of dollars invested in astronomical
observatories around the world.

SBDC constellations as proposed by leading companies would be vastly larger than anything
humanity has ever deployed in space. This scale alone means the risk of “unknown unknowns”
(unforeseen risks and impacts) could be significant.

This Roadmap explores the technical feasibility of SBDCs, risks and impacts of SBDCs, and governance
regimes for managing SBDCs.
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