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Orbital Data Centers vs Terrestrial Data Centers

Continuous, uninterrupted solar power (polar  Dependent on local grids; rising energy constraints

Energy Availability orbit) gigawatt-scale potential ($0.01 per kWh) (50.05 to $0.15 per kWh)

Radiant cooling in vacuum of space - efficient

heat dissipation (weight Requires massive water and/or HVAC systems; costly

Cooling Efficiency
High latency for Earth-bound users; good for

Latency orbital edge computing

Low latency; close to users and fiber networks
Limited by land, zoning, and environmental impact.

Scalability Vast physical space; no land constraints ST e B TS €6 a1 ElErTaE

Highly sensitive to Launch Costs, early-stage

Deployment Cost technology with resulting R&D costs

Mature, cost-optimized industry

Reduces Earth-based energy/water use; but has
Environmental Impact launches emissions and end-of-life disposal
issues

High energy and water consumption; noise and land
use issues

Early reuse of exiting silicon (radiation
Silicon - GPU/CPU issues), industry maturity will require rad
hardening and power savings

Commercial CPU/GPU optimized for terrestrial

deployment - not optimized for power savings High-Density Modular "Compute Tiles*
Space-based data center architecture
[Thales Alenia Space]
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Key Stake Holder Constellation Plans

Polar Dusk-Dawn Line Orbit [Starcloud]
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SpaceX

Starcloud

Blue Origin /Amazon
“Project Sunrise”

Google with Planet Labs
“Project Suncatcher”

Technology Dev. Companies:
Sophia Space, Axium Space,
Aetherflux ... and more coming
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Polar & 30 degree
50Km (between orbital planes)

600-850 km Polar

(multiple orbital planes)

500 and 1,800 km Polar

(multiple orbital planes)

Orbital Al edge commuting
tests of Google TPU Al ASIC

TBD




Al Data Center Compute Life Cycle

an ~ 3 years
/// he "Nvidia” Effect)

A

ffers 4x to 5x improvement in processing power

n

can be made functionally obsolete (e.g., Nvidia H100 to GB200/Blackwell)

Prime Decommission
- Operations - _ ITAD - IT Asset
LLM Training Disposition
(Years 1 to 3) (Year 5)

Deorbiting pollution or Parking Orbit Junk
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Space Data Center Design




Al ASIC Power Consumption:
The Driver of All Space-Base Data Center Design
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Nvidia ASIC Power Consumption

“Thermal Wall”
""""""" Air cooling insufficient
* Thermal throttling

* Move to liquid cooling
"""""""""" Direct to silicon cooling

T
with (R2 technology) WAL L mm mm”””
2026 Vera Rubin Super Chlp Platform based

on TSMC’s 3nm (N3P) [Nvidia]



ISS Folding 43 m"2
Deployable Radiator
w/Active ammonia
coolant pump

Space-Based Radiators

» Cooling in space is based on infrared radiation

» Solar cells are used as a sun block, providing shade for the
radiators (-270 deg C)

» Radiators use Passive or Active heat pipes to distribute heat
to the Radiators using Aluminum-ammonia or copper-water
working solutions

Al SAT Mini based

» Passive Heat Pipes are based on a capillary wick structure to operate in on Starlink V3
zero gravity Vi5 Q%
* Oscillating Heat Pipes (OHPs): passive radiators improve weight and a\\" -
performance .
* Advantage: Reliable, long life, no active parts, minimum weight, no power load \ .\\ \_‘,\*
» Disadvantage: Designed for a fixed thermal load (not variable) ¥ > \ we—
* Active Heat Pipes are based on pumps to move the working fluid ‘ \ ‘
* Loop Heat Pipes (LHPs): Capable of transferring higher heat loads over B €
longer distances with high efficiency B SpaceX Al V3
+ Advantage: Allows for variable load, more efficient, higher thermal load « 170 Meter length
- Disadvantage: complex with moving parts, lower reliability, energy use va R . 51 OOKI;N o
. . / . istributed Compute
* Modern/Lightweight (Carbon-Carbon) radiators 2kg per m”2 Constellation 2
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Orbital Life Cycle:
A case for modular design in-orbit servicing

G

Free-space
optical antenna

-- Solar panel

Size: /
32 x 32 | L
meters I Thermal
(1,024 m?) WL radiator
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JIN d /
1 Sserver farm

cha

Server farm

-0Orbit height from Earth:
400-700 kilometers

Large-scale Data Center Satellite with
Replaceable Server Farm module



The Vertical Integration Advantage

costs of <$300/kg are required for an economically viable space
center deployment

In the near-term, SpaceX Starship and the next generation Blue Origin are only launch
vehicles that can meet launch cost goals( an 8x reduction from current launch costs)

SpaceX and Amazon/Blue Origin can leverage their “full stack” capabilities
to deliver the vision the space-based data center vision:

Launch vehicles and launch cadence build out their respective constellations
Exiting satellite communications and ground station network Starlink & Amazon LEO
Terrestrial Data Centers and Al business and partnerships

Mature, well-funded custom Al chipset development programs

» Despite these leveraged capabilities, large opportunities exist in the
ecosystem and niches:

» Chipsets and Foundries: TSMC, Intel, Nvidia, AMD, etc.

» Earth Observation edge compute Al (Nvidia Jetson-Orin & Thor, & alternates)
» Full-stack supply chain - optical terminals, thrusters, etc

» Alternate launch services: Rocket Labs, Firefly, etc.

Space Al Full Stack

» Breaking news - Google/Alphabet rumored to be in talks with SpaceX for
launch and communications services for its own Space -ased Data centers
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Custom Space-Based Al/CPU - Why Terafab?

e Applications are testing existing Core and Edge

sign for Performance Not Power Savings
hysical Shield and ecrror detection and correction SW

ustom Al ASICs using advanced fab tech (e.g. R2 silicon
Imposer), & advance system wide ECC offer significant
power and radiationa effect improvements

» R2 silicon imposer reduces power consumption by 50%
» R2 tech licensed by Intel & Samsung

» SpaceX $130M+ Terrafab project will use Intel A14 (1.4nm)
process technology

» Armed with R2 technology - double the compute power for a
given Al satellite Power configuration
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Thank You

EO Reconnaissance and Edge Al are
. Find out more in my new book:

-

o g Y
HERE?

A Citizen’s Guide to the New Cold War
and the Rebuilding of Deterrence

PAUL STRUHSAKER
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Thank You
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