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Demand for AI compute is skyrocketing, but all the money in the world is still limited by 
physics and permitting. As the Wall Street Journal notes, record data center demand is 
colliding with hard constraints in regulations, hardware, and land. In that context, putting 
those data centers in space is best understood as an extreme but logical reaction: if you 
can’t get the electrons, cooling, or approvals on Earth fast enough, you start asking what 
happens if you put the compute elsewhere.  

Today, a megawatt of power in low-Earth orbit (LEO) is roughly a billion-dollar proposition - 
10,000X more expensive per watt than grid power on Earth - so any serious Orbital Data 
Center (ODC) has to earn that premium. That’s where AI hyperscalers’ time problem meets 
space’s capital problem. As AI hyperscalers plan out multi-trillion-dollar, 10-year 
infrastructure roadmaps, their biggest constraint is how quickly they can deploy rather than 
how much money they can raise.  

SpaceX’s domination of the telecom market shows what that shift looks like in practice: 
we’ve crossed an inflection point where, for some classes of infrastructure, deploying 
assets in space can be faster than deploying them on Earth. No land has to be cleared, no 
roads paved, and no local governments negotiated with. But to capture those regulatory 
and siting advantages, the extremes of the environment itself have to be tamed. 

Space is a different environment, not an easier one. The same differences that make it 
attractive as a pressure valve for terrestrial AI build-out also bring extraordinary cost, an 
uncertain regulatory future, and spacecraft design disciplines that very few organizations 
have ever executed at scale. ODC build-out is, in that sense, a cultural clash between 
hyperscalers who believe any problem can be solved with enough capital and space 
veterans who know the quickest way to lose ten billion dollars is scope creep. The future of 
ODCs will be decided by who can reconcile those cultures—trading speed for reliability, 
ambition for engineering discipline, and “move fast and break things” for the hard limits of 
mass, power, and heat. 

Earth’s Bottlenecks vs Space’s Hungry Industrial Base 

On the ground, the AI buildout is increasingly hostage to “big iron” bottlenecks: geographic 
priority of cheap developable land, high-voltage transformers with multi-year lead times, 
turbines, and utility transmission upgrades. But even if you can sign a power purchase 
agreement in days, you can’t conjure a 500 kV substation out of thin air, especially when 
thousands of better-capitalized peers are trying to do the same thing. 
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Meanwhile, the new space industrial base has been gearing up for years to mass-produce 
thousands of spacecraft. High-rate lines for LEO constellations now exist that can ship 
satellites by the dozen each month, and multiple bus manufacturers have moved from 
bespoke builds to semi-standard “production” platforms. Launch providers are flying often 
enough that the bottleneck is increasingly payload instead of rockets. 

ODC players are explicitly trying to exploit this point-in-time / capital asymmetry. If you’re 
last in a 5-year line to get a data center up, you can be first in line for an 18-month delivery 
of a space capability. Starcloud just launched Starcloud-1, a 60 kg satellite carrying an 
NVIDIA H100—the first modern data-center-class GPU to operate in orbit—as a pathfinder 
for larger orbital clusters. Their public materials and partners, Crusoe and NVIDIA, lean 
hard on a single idea: once you pay the launch and hardware cost, power and cooling are 
“effectively free” in orbit, thanks to continuous solar input and radiative cooling to deep 
space. They further expound on the environmental benefits, claiming fewer lifetime 
emissions and no pressure on shared water resources.  

Whether those environmental benefits and levelized costs of electricity and water hold up 
is debatable, but strategically, the move is clear: shift AI watts into a production stack 
(launch + spacecraft + solar + radiators) that is underutilized and eager for volume, instead 
of fighting over the same constrained transformers and substations as everyone else.  

So, is the ODC trend just a temporary relief to a demand shock, or are there durable 
benefits of the space environment that make it a feasible, lasting haven for data centers?  

Where ODCs have a leg up: Regulation, Security, Latency 

There are several characteristics of the space domain that provide meaningful benefit, if 
productized appropriately.  

The most cited benefit is a simpler regulatory approval process. While terrestrial data 
centers must navigate federal, state, and local processes for zoning, building, 
environmental impact, and community impact, etc., space projects undergo a far simpler 
spectrum licensing regime. Physically isolated from the public, space systems have not 
been applicable to the same battery of public stakeholder engagement, and their Orbital 
Debris Mitigation and Radio Communications approvals are more predictable, though they 
still take more than a year to clear.  

The second benefit for ODCs is security. Terrestrial data centers are physically hardened 
but still haunted by insider threat; there is always a guard, contractor, or technician who 
can be coerced into exfiltrating data or destroying hardware. ODCs, almost by definition, 
will never be casually manned. That doesn’t make them invulnerable—you trade janitors 
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for ASATs and co-orbital stalkers—but it does mean that “cybersecurity backed by orbital 
physics” is its own product category for national secrets and other highly sensitive data. 

The third advantage for ODCs is improved latency. For space-native tasks—sensor-to-
threat chains between satellites, on-orbit maneuvering, space domain awareness—putting 
compute in LEO alongside your space sensors and effectors eliminates Earth from the loop 
and can shave seconds off a decision chain that decides who gets to fight on after an 
engagement, and who doesn’t.  

For some Earth–Earth routes, dense LEO constellations with laser inter-satellite links can 
actually beat long terrestrial fiber paths, because light travels faster in vacuum than in 
glass and can take near-great-circle routes. Recent measurement work on Starlink-class 
networks shows that, beyond 3,000 kilometers, LEO paths can deliver latencies better than 
any theoretical terrestrial route. The upshot is that orbital data centers are latency-
optimized for any distributed geographies and workloads, not just the warfighter use case.   

Whether these benefits outweigh irrecoverability, bandwidth limits, and thermal challenges 
will determine use cases and profitability, not basic feasibility.  

What Counts as an “Orbital Data Center,” and How Do You Architect It? 

There’s also a definitional question hiding under all this: when do you stop calling 
something “just a flight computer” and, for this discussion, start calling it a data center? In 
practice, it’s a continuum. At one end, you have constellations of nodes whose collective 
compute, storage, and networking can be orchestrated as a virtual data center—this is 
roughly what Starlink V3 is evolving toward. At the other end, you have larger platforms 
dedicated to hosting racks of GPUs or TPUs that move bits around: the km-wide ODCs that 
live in marketing decks. We’ll call these distributed and centralized data centers.  

As a quick physical-scale sanity check: In LEO, each square meter of solar panel can 
deliver about 273 W of electrical power at 20% efficiency, and each square meter of 
radiator can reject a few hundred watts of heat, creating roughly a 1:1 ratio of 
generation/dissipation. That means a continuous 1 MW ODC demands a few thousand 
square meters of solar and an equivalent radiator area. A 40 MW cluster demands on the 
order of 100,000 m². You can put that area on one giant platform or spread it across a 
constellation, but you don’t get to cheat the geometry—which is why ODC architecture is 
fundamentally a question of how you arrange a lot of power and radiator surface in orbit. 

Centralized ODCs let GPUs share solar arrays, radiators, shielding, and control systems, 
and also simplifies mission management. But centralized ODCs quickly run into the 
classical geometry problem of volume vs surface area. Volume, necessary to hold 
compute, scales as the cube of size, whereas surface area, required for collecting power 
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and dissipating heat, scales only as the square. In this way, volume quickly runs away from 
surface area. Because everything in space had to fit into a limited rocket fairing, and 
because GPUs are extraordinarily efficient at sucking in electricity and generating 
enormous heat, so ODC designs are most often surface area limited, with their solar 
arrays and radiators barely able to keep up with the demands of compact GPUs. And from a 
national security perspective, the bigger the platform, the juicier the target.  

By contrast, distributing compute across many satellites spreads out GPUs with a higher 
proportion of energy and heat dissipation surface area to support them, but comes with 
added complexity coordinating the networking between nodes and more fixed satellite 
costs for each node. More satellites mean more “per satellite” hardware, such as flight 
computers, reaction wheels, thrusters, and the list goes on. Database export is hard to 
orchestrate and difficult on the ground, but in orbit, it would rely on optical intersatellite 
links that have proven more difficult than anticipated. Optical intersatellite links have only 
been operationalized by Amazon LEO and SpaceX Starlink, both of which are leaning into 
transitioning their laser moat into a distributed ODC play.  

The distributed ODC architecture —each node with modest power generation and cooling 
but strong network links—aligns with modern force-design doctrine: “if you have one, you 
have none,” and is more operationally and thermally resilient and easier to shield per node, 
but pushes complexity into the constellation via orchestration, consistency, and 
networking problems.  

There’s another cross-cutting design choice: where you pay for radiation tolerance and 
reliability. Do you use true rad-hard GPUs and accept a performance lag, or do you fly near-
commercial silicon and build redundancy and shielding at the board, rack, or spacecraft 
level? Those SWaP-C tradeoffs—balancing size, weight, power, and cost—will largely 
define what Gen-1 ODCs actually look like, whether they trend toward a few big machines 
in orbit, or a swarm of smaller ones acting in concert. 

Environmental Claims, Red Teams, and the Real Story 

The environmental marketing for ODCs is attractive: 24/7 unfiltered solar, no clouds or 
night, no need to pave over land or evaporate rivers for cooling. Starcloud and Google both 
argue that, over a long enough horizon, AI clusters in orbit could deliver lower lifecycle 
emissions per joule than equivalent clusters on Earth, while easing pressure on grids and 
aquifers. That’s a strong claim, and the underlying assumptions deserve scrutiny.  

A sober view of ODC benefit must include high launch emissions, the mining and 
manufacturing footprint of square-kilometer solar and radiator arrays, and the risk of 
creating large, long-lived orbital debris. Space does not make data centers resource-free; 

https://breakingdefense.com/2025/02/too-soon-gao-questions-tech-readiness-of-satellite-laser-links/
https://www.techbusinessnews.com.au/news/the-skys-no-longer-the-limit-why-tech-billionaires-want-to-put-your-data-in-space/
https://blocksandfiles.com/2025/10/23/starcloud-orbiting-datacenters/?utm_source=chatgpt.com
https://blocksandfiles.com/2025/10/23/starcloud-orbiting-datacenters/?utm_source=chatgpt.com


rather it shifts when and where you pay the bill, and in what currency (CO₂, orbital 
congestion, or both). 

We also need to remember that LEO spacecraft fly. They circle the Earth at speeds around 
7.5km/s completing a full orbit every 90 minutes, 16 times per day. Each LEO satellite is 
constantly moving west to east around the globe and oscillating between northern and 
southern extremes, meaning that its plunging into freezing darkness from intense heat 
constantly, forced to maintain GPU temperatures at near room temperature while being 
battered between -200 and 200 F. Some high inclination orbits see primarily Sun, but lower 
latitude orbits can experience darkness up to 39% of the time, falling far short of the 
desired 24/7 power goal. 

Space is neither a simple nor easy operating environment. Some concepts for ODCs 
envision simplistic elements with only solar arrays, GPUs, and radiators. This could not be 
farther from the truth. Flying in LEO, ODCs are more like submarines, requiring robust 
communications, navigation and attitude control (to point communications), and 
propulsion (to counteract drifting).  

That brings us back to the original question: who should seriously consider ODCs, and for 
what? At today’s costs, they only make sense where you can stack multiple advantages at 
once: capital and supply-chain arbitrage (AI money is abundant, transformers are not), 
regulation and security (you need an orbital vault and regulatory haven), and latency to 
space or select Earth–Earth routes (where milliseconds are the difference between 
success and destruction).  

It’s entirely fair to say “this is stupid because it’s expensive” if you’re thinking like a 
conventional cloud operator. But AI and space are both capital-intensive fields where the 
constraints are increasingly in time, talent, and physical buildout, but not dollars per 
kilowatt-hour. From that perspective, orbital data centers are less a sci-fi indulgence and 
more a pressure-release valve for a very real set of constraints.  

For some of these actors, at this moment in time, the 10,000x premium to play in a $3 
trillion market is a price they’re at least willing to explore.  

  



Investor Addendum (not public) 

Atomic-6 Joins the Fray 

If ODCs emerge as a meaningful share of AI compute infrastructure, surface area will be 
one of the key limiting factors. 

ODCs must balance three flows: electrical power into the chips, thermal power out of the 
chips, and network bandwidth to move computation results. The first two are 
fundamentally set by surface area. The power a satellite can generate is capped by the 
solar-cell area it can point at the Sun, and the heat it can reject is governed by the radiator 
area it can present to deep space. The third, bandwidth, is informed by vibration stability to 
be stable enough to close (most likely) laser crosslinks.  

Because launch fairings constrain volume, spacecraft rely on deployable structures to 
trade a compact stowed configuration for a large deployed surface. In that sense, 
“mastering surface area” is equivalent to mastering the performance envelope of ODCs. 
Operators that cannot field very large, very lightweight arrays and radiators will be 
forced either to throttle compute density or accept higher failure rates from thermal 
overload. 

Atomic-6’s Light Wing™ Architecture 

The mass and performance of deployable power and thermal hardware are central to ODC 
economics. Every kilogram not spent on structures and panels can instead be allocated to 
revenue-producing compute or additional shielding. 

Atomic-6’s Light Wing™ deployable space structure platform is a purpose-built response to 
this surface-area bottleneck. The Light Wing™ array deploys solar cells to absorb power, 
and Atomic-6 is contemplating the Hot Wing (trademark pending) deployable radiators to 
increase the heat sink surface area for ODCs.  

The architecture is based on an all-composite deployable mast that pulls out a tensioned 
solar blanket. Above roughly 20 kW of output, industry designs tend to converge on some 
form of tensioned “suspension” structure, because traditional “scissor lift” (pantograph) 
arrays suffer from rapidly increasing mass and complexity as length grows. There is 
historical evidence for this transition in large spacecraft such as ISS and commercial GEO 
platforms that migrated from hinged rigid panels to tension-blanket arrays at these higher 
power levels. 

On current ~2 kW-class hardware, Light Wing is approaching ~200 W/kg of specific power 
at the array level, and ~300 W/kg for ODC scale wings. This compares to roughly ~50 W/kg 
for many conventional, truss-supported solar arrays derived from terrestrial pantograph 



concepts. In addition, the composite structures are designed to be fully re-deployable and 
have already been cycled repeatedly in test, reducing the risk of a mechanism failure 
stranding expensive payloads by 99%. 

From a system-engineering standpoint, higher specific power has a direct, mechanical 
effect on ODC design. A representative AI server rack may draw ~135 kW and weigh ~1,000 
kg. At 50 W/kg, powering that rack requires ~2,700 kg of solar arrays, plus a similar mass 
class of radiators. At 200 W/kg, the same output can be achieved with ~675 kg of arrays and 
proportionally lighter radiators. The “freed” mass can be reallocated to additional racks or 
shielding, or it can reduce launch cost for a given compute footprint. 

At projected ODC scales—hundreds of megawatts to a gigawatt of orbital compute—the 
cumulative difference between a 50 W/kg and a 200 W/kg solution is measured in tens of 
millions of kilograms and several billions of dollars in launch expenditure, assuming 
launch costs in the low thousands of dollars per kilogram. The specific numbers will evolve 
with vehicle performance and integration choices, but the directional effect is clear. 

Centralized vs. Distributed Architectures and Implications 

The importance of surface-area efficiency applies across both centralized and distributed 
ODC architectures. For centralized ODCs, the structural and deployment overhead of each 
node becomes a larger fraction of total mass. Improving W/kg at the array level directly 
reduces the per-node overhead and frees mass for additional compute or station-keeping 
hardware. Because distributed architectures also demand extensive optical crosslinking 
and coordination, any reduction in structural complexity and mass can translate into 
simpler buses and higher constellation reliability. Stiffness of the deployed structure is also 
key for controllability and pointing accuracy, as only a stable platform can close sensitive 
laser links required for >10 Gbps data relay speeds.  

In both cases, providers of high-specific-power, low-mass surface-area solutions exert 
leverage over the system design choices of ODC operators. 

Comparative Advantage and “King-Maker” Potential 

Given AI demand outpacing terrestrial power build-out, increased interest in orbital 
compute from major technology firms, and the physical limits of in-space power and 
thermal management, certain layers of the emerging ODC stack appear structurally 
advantaged. 

If the following assumptions hold, even partially: 

• a meaningful fraction of frontier AI compute migrates to orbit over the next one to 
two decades; 



• ODC designs are constrained primarily by deployable area for power and radiators 
rather than by volume; and 

• launch costs continue to trend downward but remain material at the multi-
megawatt scale, 

…then companies that can reliably deliver higher area-per-kilogram power and thermal 
solutions are positioned to act as infrastructure gatekeepers. Their designs will influence: 

• how much compute fits on each platform, 

• how many platforms are required for a given ODC capacity, and 

• the total mass—and therefore cost—of ODC constellations. 

In that scenario, a provider such as Atomic-6 occupies a genuine “king-maker” position in 
the ODC ecosystem. As SpaceX and Amazon Kuiper continue to tighten their vertically 
integrated space-and-compute stacks, any non-launch, non-satellite hyperscaler that 
wants a credible shot at orbital AI—will need to assemble its own differentiation stack 
quickly, or risk being locked out of the highest-ground segment of the market. One of the 
few ways to close that gap is to control the enabling infrastructure that SpaceX/Kuiper do 
not already own outright: the tensioned deployable power, thermal, and shielding 
architectures that determine how much useful compute can actually ride on every 
kilogram they put into orbit. 

The underlying technical logic is simple: deployable surface area is a first-order constraint 
for orbital compute, and firms capable of relaxing that constraint at scale will exert 
outsized influence on who can field ODCs, at what density, and on what timeline. In a world 
where the launch-and-bus layer is increasingly concentrated in a small duopoly, the 
control point shifts up-stack to the hardware that turns those buses into economically 
viable data centers. If Atomic-6 remains the only credible way to deploy solar and radiator 
area at ODC-relevant scales and masses, then its technology becomes a natural focal 
point for large AI buyers trying to counterbalance the existing space-compute 
incumbents—whether by partnership, long-term access agreements, or outright 
acquisition. 


