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Abstract

Elon Musk’s April 2025 announcement of the “Terrafab” project, a joint venture
between Tesla, xAl, and SpaceX to build an advanced semiconductor fabrication
facility in Austin, Texas, aimed at producing a terawatt of compute per year, and
this means for healthcare Al infrastructure, health tech investment, and the bro:

trajectory of computational medicine.

Key claims assessed:

- Current global Al compute output is roughly 20 gigawatts per year; all existing

combined represent about 2% of what the Terrafab targets

- Space-based solar Al compute may undercut terrestrial compute costs within 2

years

- Edge inference chips optimized for Optimus humanoid robots could reach

production volumes of 1-10 billion units per year vs. 100M vehicles globally tod:

- The fab includes in-house lithography mask production, enabling a chip desigi

iteration loop with no known global equivalent

- Healthcare Al infrastructure is directly in the blast radius of this shift, whethe

not health tech investors are paying attention



Why it matters for health readers: compute constraints are already the binding |
on clinical ATl deployment at scale, and this announcement represents a potentia
change in the supply curve that will reprice everything from EHR automation to

genomic inference to surgical robotics.
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What Actually Got Anhnounced (And Wh
the Framing Was Weird

So Musk opened with Kardashev civilizations and galactic expansion, which

understandably caused a lot of eyerolls. That framing probably caused most seri
health tech operators and investors to tune out around minute three and go back
their IRR models. That would be a mistake. Buried inside the cosmic rhetoric w:
genuinely substantive industrial announcement with near-term implications tha

very hard to dismiss once you actually read the transcript carefully.

The core of it: Tesla, xAl, and SpaceX are jointly building what they're calling tt
Terrafab, starting with an advanced semiconductor fabrication facility in Austin

word “advanced” is doing a lot of work there. This is not a packaging plant or ar



assembly operation. The claim is that a single building will house all of the equi
needed to produce logic chips, memory chips, perform packaging, run testing, ai
crucially, manufacture the lithography masks themselves. That last part is what
this unusual. Lithography mask production is typically a completely separate, hi
specialized operation that sits upstream of fab operations and represents one of
most capital-intensive and time-sensitive bottlenecks in chip development. Putt
that inside the same building as the fab closes a loop that doesn’t currently exist

anywhere in the world at this scale.

The context Musk gave for why this is necessary is actually pretty clean arithmet
Current global Al compute output is roughly 20 gigawatts per year. The Terrafa
project targets a terawatt of compute, which is 1,000 gigawatts. That means the

existing output of every semiconductor manufacturer on earth combined, includ
TSMC, Samsung, and everyone else, represents about two percent of what this p
is targeting. He said explicitly that he has told those suppliers he will buy every
they can make, and they're still not expanding fast enough to close the gap. So tt
framing is: build the fab or don’t have the chips. That’s it. That’s the whole logic

For anyone in health tech, the instinct might be to treat this as a hyperscaler prc
something relevant to OpenAl or Google but not to a Series B digital health conr
or a health system trying to deploy clinical Al That instinct is wrong, and the re

this essay is essentially an argument for why.

The Compute Constraint Nobody Talks
About in Health Tech

There is a polite fiction in health tech that the main barriers to Al deployment i
clinical settings are regulatory, clinical workflow-related, or about data access. T
things are real. But the compute constraint is chronically underweighted in inve
conversations, probably because it feels like an infrastructure problem that som

else is solving.

It is not being solved fast enough. And the people who feel this most acutely rig]

now are not the EHR ambient documentation vendors (those workloads are relat



light) but the people trying to do the harder stuff: real-time clinical decision suf
at population scale, multimodal inference combining imaging with lab data and
genomic variant interpretation pipelines that need to run at health system speed
rather than research lab speed, and increasingly, anything involving agentic Al t

has to make sequences of decisions rather than just complete a single task.

The dirty secret of a lot of enterprise health AI deployments right now is that th
inference cost is genuinely limiting what can be put in front of clinicians. Not b
the models don’t work. Because running them continuously at scale, across a pat
panel of meaningful size, on workloads that require sub-second or even sub-min
latency, is expensive enough that the unit economics don’t pencil out at the

reimbursement rates available. This is true for a number of radiology Al tools, it
true for some of the more ambitious patient deterioration models, and it’s becon
increasingly true as people try to move from single-task models to orchestrated ;

agent clinical workflows.

The Terrafab, if it delivers anything close to what’s being promised, changes the
supply curve for compute in a way that could materially alter those unit econom
terawatt of compute annually, arriving into a market that currently has 20 gigaw
is not a marginal improvement. It’s a structural shift. The historical analogy wou
something like what happened to storage costs between 2005 and 2015, where a
collapse in price per gigabyte enabled entire categories of health data infrastruc
that were previously economically impossible. The expectation here is that some
similar happens to inference compute, and health tech is one of the sectors that
benefit most because it has the most latent demand for continuous high-frequen

inference that isn’t being deployed right now purely due to cost.

Edge Inference and the Optimus Varial

This is where it gets genuinely weird for the health tech community, in a produc
way. Musk was pretty explicit that the Terrafab will produce two categories of c

One is a high-power chip optimized for the space environment. The other is an ¢



inference chip designed primarily for use in Tesla vehicles and, even more so, in

Optimus humanoid robot.

The scale numbers Musk threw out for Optimus production are either complete
delusional or one of the most important variables in healthcare economics over t
next decade. He said humanoid robot production could reach 1 to 10 billion unit
year, compared to global vehicle production of roughly 100 million units annual
That’s 10 to 100 times more robots than cars. Tesla, he said, aims to make a sign

percentage of those.

Why does this matter for health tech? Because humanoid robots are not primari
manufacturing story. Or rather, they're not only a manufacturing story. Healthce
one of the most obvious deployment environments for capable general-purpose
robots, for reasons that anyone who has spent time in a hospital understands
viscerally. The physical labor intensity of healthcare is enormous and
underappreciated by people who haven’t spent time on a floor. Repositioning pa
transporting supplies, running specimens to labs, managing linen, doing the hur
small physical tasks that consume nursing time that should be spent on clinical
judgment. If you can put a capable, affordable humanoid robot into a hospital
environment, you immediately have a labor substitution story that is extraordine

compelling given where healthcare labor costs are going.

The edge inference chip that gets designed for Optimus will have to solve genuis
hard problems that are directly relevant to clinical environments. Real-time

perception and navigation in complex, dynamic, unpredictable physical spaces. 1
modal sensory integration. Low-latency decision-making without cloud round-ti
because in a hospital you absolutely cannot have a robot that freezes for two sec
waiting for an API call. These are also exactly the requirements for a lot of clinic
applications that don’t involve robots at all but do involve real-time decision suj

at the point of care.

The chip architecture that gets battle-tested at a billion-unit production scale ir
Optimus is likely to become cheaply available as a general-purpose edge inferen

platform within a few years of that production ramp. That’s a big deal for anyon



building Al-enabled medical devices, point-of-care diagnostics, wearables, or an
clinical sensing systems. The compute platform they’ll need may be arriving as a
byproduct of the robot production ramp rather than something they need to fun
independently.

Space Compute Is Not Sci-Fi, It's a Cos
Curve

The space compute section of the announcement is where most serious people

completely check out, and that’s understandable because it sounds insane. But t
underlying physics and economics Musk described are actually pretty coherent,
the 2-3 year timeline for space-based Al compute to undercut terrestrial comput

costs deserves to be stress-tested rather than dismissed.

The argument runs like this. Solar power in low Earth orbit is at minimum five t
more energy-dense than terrestrial solar because you eliminate atmospheric
attenuation, day-night cycles, and seasonal variation. You're always normal to th
meaning you're always getting maximum flux. Space solar hardware is also chear
than terrestrial solar because you don’t need the heavy glass and structural fram
required to survive weather. The chips designed for space can run hotter than
terrestrial chips, which reduces radiator mass. And as Starship drives down the

per kilogram to orbit, the capital cost of getting the hardware up there drops raj

Put those factors together and you get a crossover point where the total cost of

delivering a unit of Al compute from space, including launch, hardware, power,
thermal management, becomes lower than the equivalent cost on the ground. M
thinks that crossover is 2-3 years out. Whether it’s 2 years or 5 years is genuinely
uncertain, but the direction of the trend is hard to argue with given what Starsh

cost trajectory looks like.

For health tech investors, the practical implication is less about space per se and
about what a sustained collapse in compute pricing does to the investment lands
If inference costs fall by an order of magnitude over the next 3-5 years due to a

combination of Terrafab terrestrial production and space-based compute, the



companies that are currently infrastructure-constrained in their AI deployment
massive tailwind. The clinical AI companies that have been building for the

anticipated cost curve rather than the current cost curve suddenly look prescien
the companies that built their entire competitive moat around proprietary comp

access start to look a lot less defensible.

There’s also a data center angle here that matters for health systems and health ]
investors. The argument Musk is making about space compute is structurally
identical to an argument about any distributed power-rich compute environmen
underlying dynamic, that compute costs are dominated by power costs and powe
costs vary enormously by location and source, is already driving where large Al
infrastructure gets built on earth. Health systems that are planning major Al
infrastructure investments over the next 5-10 years probably should not be anch

those plans to current power and compute cost assumptions.

What the Iteration Loop Means for
Medical Chip Design

The single most technically interesting claim in the announcement, and the one
getting the least coverage in health tech media, is the recursive chip design loop
claim is that by putting lithography mask production, chip fabrication, chip test
and design iteration all inside a single building, the Terrafab achieves a chip

improvement cycle that is roughly an order of magnitude faster than anything tk

currently exists.

This matters for health tech for a specific reason that goes beyond general Al
infrastructure. There are several clinical computing problems that have not beet
solved primarily because the chip architectures being used were designed for ge
purpose Al workloads rather than for the specific computational structure of cli
inference problems. Genomic sequence analysis, protein folding inference, conti
physiologic signal processing, medical imaging reconstruction, drug-protein

interaction modeling, all of these have computational profiles that are somewhat



different from the large language model workloads that current GPU architectu

are optimized for.

The reason nobody has built specialized silicon for most of these applications is
the capital cost and time cost of custom chip development, given the current fab
ecosystem where you send designs to TSMC and wait months for shuttle runs, o
economically irrational for anything except the largest possible markets. The Te
iteration loop, if it works as described, potentially changes that calculus. If you «
from chip design to tested silicon to design revision in a compressed cycle inside
single building, the fixed cost of custom chip development drops enough that

narrower applications, including clinical ones, start to look economically viable.

This is somewhat speculative but not unreasonably so. The genomics hardware r
has already seen exactly this dynamic at smaller scale, where companies like Illu
built sequencing chips optimized for their specific read-length and chemistry pt1
rather than using general-purpose processors. The question is whether the Terr:
iteration advantage propagates downstream to health tech applications through
combination of custom chip design services, open architecture platforms, or sim
the general innovation acceleration that comes from being able to test wild idea:s
cheaply and quickly. Musk specifically said they intend to try unconventional ph
based compute approaches, which in context probably means neuromorphic or a
compute architectures that have been theoretically promising for clinical sensin

applications for years but have not been economically viable to develop.

How This Lands for Health Tech Invest«

For anyone running a health tech portfolio or evaluating health tech investment:
now, there are a few practical things this announcement changes in terms of hov

think about deals.

The first is that compute-intensive clinical Al companies probably deserve to be
underwritten on a more aggressive cost curve than the current market implies. /
of health AI companies have built their financial models around current GPU p1

from AWS or Azure, which is high enough that the unit economics of some



compelling clinical use cases look marginal at best. If the Terrafab and space cor
trajectory plays out over 3-5 years in the direction Musk is describing, those uni
economics improve substantially, and companies that look borderline today star
look much more attractive. This doesn’t mean buying everything with a GPU in
it does mean that the compute cost assumption in a diligence model is worth

revisiting with more range than most people are currently applying.

The second is that the robotics-to-healthcare pipeline is probably underpriced a
theme right now. The Optimus production ramp, if it hits anywhere close to the
numbers Musk described, creates a general-purpose robotics platform that will

healthcare faster than most people expect, for the same reason every major techr
platform eventually hits healthcare: because healthcare is 17-18% of US GDP an
more unsolved physical and cognitive labor problems than almost any other sect
The edge inference chip coming out of the Terrafab for Optimus will be the comr
substrate of the clinical robotics wave. Investors who want early exposure to tha
theme probably need to be looking at companies building the software, integrati
and workflow layers now, before the hardware is cheap enough to make the robo

deployment obvious.

The third is that the announcement is a meaningful signal about the competitive
trajectory for any health tech company whose moat is primarily based on having
compute than its competitors. That moat erodes when compute democratizes. T
companies that look durable in a world of abundant cheap inference are the one
proprietary clinical data, deep workflow integration that is hard to replicate, anc
regulatory clearances that represent genuine barriers to entry. Companies whose
primary value proposition is “we can run bigger models than anyone else in this
clinical domain” are probably heading for a harder competitive environment in +

years than their current valuations imply.

There is also a more speculative but worth-mentioning angle on the data center
health system infrastructure side. If space compute genuinely undercuts terresti
compute costs within a few years, health systems and health IT vendors that hav
made major capital commitments to on-premise Al infrastructure could find

themselves with assets that depreciate faster than expected. This is the analog tc



happened to enterprise data centers between 2010 and 2018, where the move to
was faster and more complete than most health system CIOs had modeled, and
institutions that had invested heavily in on-premise infrastructure ended up car

stranded costs. The dynamics aren’t identical but the risk is directionally simila

The Long Game: Kardashev, Abundanc
and What It Means for Healthcare
Economics

The Kardashev framing Musk used, the Russian physicist Nikolai Kardashev’s 1'
scale for classifying civilizations by energy consumption, sounds like physics-ne
detour but is actually doing substantive work in the argument. The core claim is
scaling civilization requires scaling power, and scaling power on earth has
fundamental limits because the planet only captures about half a billionth of the
total energy output. At current total global electricity production, humanity is
generating about a trillionth of the sun’s energy. The math is unambiguous:
meaningful civilizational scaling requires going to space to access the source rat

than trying to harvest an increasingly tiny fraction of what reaches the ground.

For healthcare specifically, the Kardashev framing points toward something that
health economists and health tech investors mostly treat as too long-range to be
relevant: the question of what happens to healthcare economics in a world of gei
material abundance. Musk referenced Iain Banks’ Culture novels explicitly, a se
where an Al-managed post-scarcity civilization has essentially eliminated resour
constraints. The argument is that Al and robotics, enabled by the compute scali;
Terrafab initiates, eventually produces an economy large enough that the resour

constraints currently driving healthcare cost problems essentially dissolve.

That’s obviously a very long time horizon for most investment purposes. But the
nearer-term version of the same argument that is quite relevant to health tech ri
now. The labor economics of healthcare in the US are already under severe stres:
Nursing shortages are structural, not cyclical. Clinical burnout is driving early e

from the workforce at scale. The physical labor burden of healthcare delivery is



medically underappreciated and economically unsustainable. The trajectory of 2
robotics compute that the Terrafab is designed to enable addresses all of these
problems simultaneously, not through some abstract future abundance, but thro
specific near-term applications: ambient Al handling documentation and prior a
robotics handling transport and supply chain, inference chips handling the

monitoring and alerting that currently requires a nurse to sit at a workstation.

The interesting investment question is not whether this happens but at what spe
and through which product categories. The Terrafab announcement is essentiall
Musk saying that the rate-limiting constraint on all of these applications, which
compute availability and cost, is being addressed at an industrial scale that has r
precedent. Whether the execution delivers on that is a separate question with a |
legitimate uncertainty. But the directionality, the claim that compute is about tc
dramatically cheaper and more available at the edge and in the cloud, is support
enough convergent evidence from multiple sources that health tech investors wt

aren’t actively updating their models in response to it are probably making a mi:

The honest summary is this: most of the people who heard the Terrafab
announcement filtered it through the Musk credibility lens, which is complicate
either dismissed it entirely or treated it as interesting but irrelevant to their seci
Neither response is quite right. The underlying industrial logic of the announce
is sound, the scale of the compute gap it’s trying to address is real and well-
documented, and the healthcare applications that sit downstream of a resolutior
that gap are substantial, specific, and investable now. The time to be paying atte

is before the compute curve moves, not after.
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