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WHY THIS PAPER EXISTS

Executive Premise

SpaceX is increasingly difficult to understand as a rocket company alone. Its activities now
connect reusable launch, satellite manufacturing, global broadband, direct-to-cell
communications, government systems and proposed orbital artificial intelligence. The
important story is not any single product. It is the way the pieces reinforce one another.

Starship moves mass. Starlink moves information. Al processes information.
Energy powers the system. Manufacturing reproduces it.

WP-06 examines that system at executive level. It does not assume every SpaceX plan will
succeed, and it does not treat announced capabilities as demonstrated performance.
Instead, it asks a narrower question: what does the emerging architecture tell us about the
next phase of digital and space infrastructure?

The answer matters because the architecture reaches beyond spaceflight. It touches
telecommunications, semiconductors, energy, defense, manufacturing, capital markets and
regulation. If even part of the model scales, the competitive unit may no longer be a rocket,
satellite, data center or network. It may be the integrated ecosystem connecting them.

THE ARGUMENT

WP-06 in Five Minutes

e SpaceX has built an unusual degree of vertical integration: launch vehicles, spacecraft,
satellite networks, terminals and supporting software.

e Starlink turns launch capability into an owned communications platform. Its 2025
progress report lists 9M+ customers across 155+ countries and markets.

e Direct to Cell extends the architecture toward ordinary mobile devices; Starlink
reported more than 650 first-generation Direct to Cell satellites deployed and more than
12 million people connected at least once.

e Starmind adds a proposed Al-compute layer. SpaceX describes solar-powered orbital
compute connected by high-bandwidth lasers; NVIDIA has confirmed work on an
optimized Vera Rubin NVL72 foundation for a first-generation Starmind satellite.

e Government is already inside the ecosystem through NASA programs, national-security
launch, and Starshield.

e The opportunity is integration. The risk is also integration: technical failure, supply
constraints, capital requirements, regulation, orbital congestion and concentration can
propagate across the system.

PROMETHEUS conclusion: the most useful question is not whether every announced

SpaceX ambition reaches its maximum scale. It is whether the attempt to connect

transportation, communications and intelligence creates a new industrial architecture

along the way.
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ONE-PAGE MAP

The SpaceX Ecosystem
Layer What it does Representative system
Transportation Moves mass to orbit Falcon / Starship
Manufacturing Builds vehicles and satellites Starfactory / satellite production
Communications Moves data globally Starlink / optical links
Endpoints Connects people and machines Terminals / Direct to Cell
Intelligence Processes data Terrestrial AI / Starmind concept
Government Uses, funds and regulates capability NASA / defense / FCC/FAA
Industrial base Supplies physical inputs Chips / optics / energy / materials

The value is increasingly in the connections between layers, not in any layer by
itself.

This map is the organizing idea for the rest of WP-06. Each section stays focused on one
question: why does this layer matter to the larger system?

A DELIBERATE HANDOFF

From WP-05 to WP-06

WP-05 asked what industrial system would have to exist for orbital Al infrastructure at
extraordinary scale. Its starting point was SpaceX's FCC application for a new non-
geostationary orbital data-center system of up to one million satellites, accepted for filing
in February 2026. The one-million figure is a proposed authorization ceiling, not a
demonstrated deployment commitment. WP-05 separated launch, satellite manufacturing,
compute, power, optical communications, ground infrastructure, direct-to-device systems
and industrial capacity.

WP-06 takes the next step. Instead of beginning with the proposed million-satellite ceiling,
it looks at the broader SpaceX ecosystem that could support many different outcomes -
communications, national-security systems, lunar logistics, direct-to-device connectivity
and orbital computing.

This distinction keeps WP-06 from becoming a second version of WP-05. WP-05 is the scale
test. WP-06 is the systems map.

WP-05: What would have to be built?
WP-06: What ecosystem is already taking shape?
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TRANSPORTATION LAYER

1 | Starship: Transportation Changes the Equation

Every orbital economy begins with transportation. If moving mass to orbit remains scarce
and expensive, engineers must optimize relentlessly around scarcity. If reusable heavy lift
becomes more available, different designs become possible: larger power systems, heavier
shielding, more standardized hardware and faster replacement cycles.

SpaceX describes Starship as a fully reusable system designed for more than 100 metric
tonnes to orbit in its reusable configuration. That is a design objective, not a mature
operating record. PROMETHEUS treats the distinction as essential.

The strategic importance of Starship is therefore not a single future price-per-kilogram
claim. It is the possibility that launch begins to behave more like logistics: repeated
movement of standardized cargo through a reusable transportation system.

A rocket is a machine. A high-cadence reusable launch architecture is
infrastructure.

TRANSPORTATION LAYER

Starship: What Must Become True

Requirement Why it matters

Economics depend on flying hardware again, not

Reliable reuse ..
merely recovering it.

. Slow refurbishment weakens the transportation
Rapid turnaround

analogy.
. Infrastructure needs throughput, not occasional

High cadence . §p

demonstrations.

Capacity has value only if customers and internal
Payload demand pactty . Y

programs use it.
Launch sites Ground systems must scale with vehicles.
Regulatory capacity Licensing, safety and airspace are part of the system.

NASA oversight illustrates both the progress and the remaining work. A March 2026 NASA
Inspector General review described Starship flight-test achievements but also continuing
development challenges for the Human Landing System. That is the right frame for WP-06:
meaningful progress, unresolved execution.
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TRANSPORTATION LAYER

Why Transportation Matters to Everything Else

Starlink needs launches to expand and replenish its constellation. Direct-to-cell requires
additional specialized satellites. Starmind would require moving substantial compute,
power and thermal hardware to orbit. NASA lunar plans depend on a Starship-derived
Human Landing System. Each program is different, but each touches transportation.

That creates a reinforcing loop: internal satellite demand supports launch cadence; launch
capability makes larger internal networks conceivable; those networks create additional
demand for launch.

The same loop creates dependency. A major transportation delay can affect multiple
downstream programs. Vertical integration can reduce supplier friction, but it can also
transmit bottlenecks across the ecosystem.

The advantage of integration and the risk of integration are two sides of the
same architecture.

COMMUNICATIONS LAYER

2 | Starlink: From Payload to Platform

Starlink changed the business model because SpaceX became more than the company
carrying the payload. It became the manufacturer, launcher and operator of a global
communications network.

Starlink reported 9M+ customers across 155+ countries and markets in its 2025 Progress
Report. It also reported service reaching more than 21M airline passengers and 20M cruise
passengers. These are company-reported metrics, but they show the network expanding
well beyond fixed residential broadband.

The strategic shift is simple: launch capability helped build an owned platform that
generates recurring demand, recurring service relationships and recurring satellite
replacement needs.

COMMUNICATIONS LAYER

Starlink: The Network Is More Than Satellites

The visible satellites are only one part of Starlink. The full system includes satellites, laser
inter-satellite links, gateways, terrestrial fiber, points of presence, terminals, software,
spectrum rights, operations and power.
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That is why PROMETHEUS describes Starlink as a routing fabric rather than merely an
internet service. Optical links allow traffic to move across the constellation before
returning to Earth, while terrestrial infrastructure connects the orbital network to the rest
of the internet.

Digital systems are physical systems - even when part of the network is
hundreds of kilometers above Earth.

COMMUNICATIONS LAYER

Direct to Cell: The Endpoint Changes

Direct to Cell extends the network toward ordinary mobile devices. Starlink says its first-
generation Direct to Cell constellation surpassed 650 satellites and connected more than 12
million people at least once. The service works with mobile-network partners and licensed
terrestrial spectrum rather than simply replacing existing cellular operators.

The strategic value is coverage. Dense terrestrial networks remain better suited to dense
demand, but satellite-to-device service can reach locations where towers do not. That has
implications for remote travel, disaster response, maritime operations and areas where
terrestrial infrastructure is damaged or absent.

The deeper point is that the endpoint changes. A specialized satellite terminal is no longer
always required. The existing phone can become part of the space network.

COMMUNICATIONS LAYER

Why Starlink Matters to PROMETHEUS

A future infrastructure system needs a way to move information among people, machines,
data centers and spacecraft. Starlink already provides a large-scale communications layer,
and SpaceX has experience operating the launch and manufacturing systems that
replenish it.

This does not mean Starlink automatically becomes the network for every future SpaceX
program. It means a communications layer already exists inside the same broader
ecosystem.

Starship moves the hardware. Starlink moves the information.

That relationship is the bridge to the next layer: computation and artificial intelligence.
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COMPUTE LAYER

3 | Al: Intelligence Becomes Infrastructure

Artificial intelligence looks like software to the user, but frontier Al is increasingly an
infrastructure business. It depends on processors, high-bandwidth memory, networking,
electricity, cooling, buildings, fiber and capital.

The original PROMETHEUS thesis was built around this shift: the next technology race will
not be determined by software alone. Organizations must coordinate chips, power,
communications, compute, manufacturing and transportation at infrastructure scale.

SpaceX becomes relevant to Al because several of those layers now touch the same
corporate ecosystem: launch, satellite networking, terrestrial compute ambitions and
proposed orbital compute.

COMPUTE LAYER

Starmind: The New Layer

SpaceX now publicly describes Starmind as solar-powered Al compute in orbit. Its AIl
concept combines localized compute, large solar structures and high-bandwidth laser links
to Starlink. SpaceX lists an AI1 compute payload of up to 250 kW peak and 175 kW average.

These are design claims for an emerging architecture, not proof of commercial viability.
That distinction is central. The value of Starmind to WP-06 is that it shows how SpaceX is
attempting to connect previously separate capabilities: launch, satellites, power, optical
networking and Al compute.

NVIDIA added an important piece of external confirmation in August 2026, announcing
that SpaceXAI plans to base its first-generation Starmind satellite on an optimized NVIDIA
Vera Rubin NVL72 system.

COMPUTE LAYER

Why Put Compute in Orbit?

The argument for orbital compute starts with constraints on Earth: large Al facilities
require enormous power, grid connections, cooling and land. The U.S. Department of
Energy's 2025 update estimates a 2030 reference case of 649 TWh for U.S. data-center
electricity use - about 11.8% of total U.S. electricity, with modeled scenarios ranging from
9.5% to 15.3%. SpaceX argues that solar-powered orbital systems could create another path
for scaling compute.
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The counterargument is equally important. Space introduces radiation, thermal rejection,
maintenance difficulty, replacement cost, launch dependency and orbital-debris concerns.
Terrestrial data centers can be repaired and upgraded far more easily.

PROMETHEUS therefore treats orbital Al as an emerging architecture, not a settled
destination. The serious question is not whether space automatically beats Earth. It is
whether specific workloads and future launch economics make a hybrid terrestrial-orbital
compute system useful.

COMPUTE LAYER

The Al Constraint Map

Constraint Question

Can energy be supplied at the density and reliability

Power .

required?
Heat Can waste heat be rejected efficiently in orbit?

. Can advanced compute operate reliably in the

Chips . .

radiation environment?
Bandwidth Can optical networks move enough useful data?
Refresh What happens when processors become obsolete?

. Can orbital compute compete with terrestrial

Economics

alternatives?

These questions keep the paper grounded. Starmind is significant because it joins the
ecosystem. Its ultimate scale remains uncertain.

INDUSTRIAL LAYER
4 | Manufacturing: The Hidden Center of the System

The most dramatic SpaceX technologies are rockets and satellites. The least dramatic may
be the most important: factories.

High-cadence launch requires repeatable vehicle manufacturing. Large constellations
require repeatable satellite manufacturing. Orbital Al at meaningful scale would require
repeatable production of compute, power, thermal and optical hardware.

This is where the space economy becomes an industrial-economy story. Machine tools,
robotics, electronics, specialty materials, semiconductors, solar cells, optics and skilled
labor sit beneath the visible spacecraft.

A constellation is not built once. It becomes a replacement economy.
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INDUSTRIAL LAYER

The Supply Chain: Evidence Before Excitement

PROMETHEUS uses the evidence standard established in WP-05. A company is not a SpaceX
supplier merely because it makes something SpaceX could use.

Confirmed supplier or partner - direct documentary

A :
evidence.

B Confirmed component presence - hardware identified,
broader relationship uncertain.

c Strategic exposure - relevant capability, no confirmed
SpaceX relationship.

D Speculative beneficiary - analytical possibility only.

This discipline is particularly important when discussing public companies. WP-06 is
infrastructure research, not a recommendation to buy or sell securities.

INDUSTRIAL LAYER

Where Vertical Integration Ends

SpaceX manufactures unusually large portions of its systems internally, but no company is
vertically integrated all the way down.

Advanced semiconductors depend on foundries, lithography, packaging, memory and
specialized equipment. Launch systems depend on metals, chemicals, industrial machinery
and energy. Optical networks depend on photonics and precision manufacturing.
Construction depends on regional labor and infrastructure.

Following the chain far enough reveals the larger PROMETHEUS point:
behind a vertically integrated company stands an industrial civilization.

INDUSTRIAL LAYER

The Industrial Flywheel

Launch -> Satellites -> Network -> Revenue / Demand -> Manufacturing -> More
Launch
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The flywheel helps explain why the ecosystem can reinforce itself. Starlink creates internal
launch demand. Launch capability supports network expansion. Network growth creates
replacement demand. New compute architectures could create additional satellite and
launch demand.

But flywheels can reverse. A launch bottleneck can delay deployment. Semiconductor
constraints can delay compute. Regulatory restrictions can limit operations. Capital
constraints can slow factories. Integration amplifies coordination - and can amplify failure.

PUBLIC INFRASTRUCTURE LAYER

5 | Government: The State Is Already in the Ecosystem

Space infrastructure does not develop outside government. Agencies buy services, set
safety rules, allocate spectrum, fund exploration, procure national-security capability and
establish the legal environment in which private systems operate.

NASA is working with SpaceX on Starship Human Landing System for Artemis III and IV.
NASA also relies on Crew Dragon for human transportation to the International Space
Station; a June 2026 NASA Inspector General review said Crew Dragon had flown 12
crewed missions to and from the station since certification in 2020. In July 2026, NASA also
selected two Starlink mini laser terminals for Orion on Artemis III, extending Starlink
optical-crosslink technology into a NASA lunar-mission communications demonstration.

The point is not that government controls the ecosystem. It is that public and private
infrastructure are already intertwined.

PUBLIC INFRASTRUCTURE LAYER

Starshield and National Security

Starshield makes that relationship explicit. SpaceX describes it as a government-focused
system using Starlink technology and SpaceX launch capability, with initial areas including
Earth observation, secure communications and hosted payloads.

The U.S. Space Force also continues to buy SpaceX launch services. In July 2026, Space
Systems Command announced two task orders totaling $1.6 billion for 18 Falcon 9
launches supporting space-based sensing and targeting capabilities.

As commercial infrastructure becomes useful to defense and civil agencies, the policy
question changes from simple procurement to strategic dependency: how much critical
capability should depend on any one private architecture, and what redundancy should
exist?
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PUBLIC INFRASTRUCTURE LAYER

Governance Is Infrastructure Too

FAA launch licensing, FCC spectrum and satellite authorization, environmental review,
cybersecurity rules, export controls and international coordination all shape what the
ecosystem can do.

This is not bureaucratic background. It is part of the operating system. A vehicle that is
technically capable but cannot be safely licensed does not create transportation capacity. A
satellite without spectrum rights does not create a communications network. A
constellation that cannot manage debris responsibly creates costs for every other orbital
user.

Infrastructure scales only when engineering, economics and institutions can
scale together.

WHAT COULD SLOW THE SYSTEM

6 | The Constraints

Constraint Why it matters

Heavy-lift economics depend on reliability, reuse and

Starship execution
cadence.

More spacecraft increase conjunction and disposal

Orbital congestion
§ burdens.

Communications growth requires coordination and

Spectrum . .
P authorization.
. Al depends on concentrated advanced-chip suppl
Semiconductors . P P SUppLy
chains.
Terrestrial Al expansion is already pressuring power
Energy p yp gp
systems.
. Factories, launches and constellations require
Capital : .
sustained investment.
. National and international rules can change timing
Regulation

and economics.

None of these constraints proves the ecosystem will fail. None should be minimized. The
purpose of the map is to show where the architecture can break as clearly as where it can
reinforce itself.
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WHAT COULD SLOW THE SYSTEM

Concentration: Strength and Vulnerability

Vertical integration is attractive because it can reduce coordination delays and allow rapid
iteration across hardware and software. It can also create concentration risk.

If one organization supplies launch, communications and increasingly government-facing
capabilities, customers may gain speed and performance while becoming more dependent
on one architecture. That is a business-continuity issue, a national-security issue and a
governance issue.

The appropriate response is not a predetermined conclusion for or against integration. It is
visibility: identify dependencies, preserve alternatives where necessary and understand
which functions have become difficult to replace.

WHAT COULD SLOW THE SYSTEM

The Orbital Commons

Low-Earth orbit is a shared environment. Communications satellites, Earth-observation
systems, scientific spacecraft, crewed missions and future commercial systems all use it.

As constellation sizes rise, collision avoidance, end-of-life disposal, astronomy, reentry
effects and spectrum coordination become more consequential. WP-05 already identified
these as essential counterarguments to large-scale orbital Al

WP-06 adds one systems-level observation: the larger the ecosystem becomes, the more its
success depends on preserving the environment in which it operates. Orbital sustainability
is therefore not external to the business model. It is one of its prerequisites.

PROMETHEUS SCENARIOS

7 | Three Futures to Watch

Scenario What it looks like

Starship and Starlink grow, while orbital Al remains

Extension . .
specialized or experimental.

Launch, communications, direct-to-device and Al
Integration become increasingly coordinated across one
infrastructure stack.

The ecosystem becomes a broad operating layer for
Platform commercial, government and machine connectivity,
with meaningful orbital compute.
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These are scenarios, not forecasts. Their purpose is to help readers watch the right
indicators: launch cadence, satellite production, Direct to Cell adoption, Starmind
demonstrations, semiconductor partnerships, government procurement and regulatory
capacity.

PROMETHEUS SCENARIOS

The Indicators That Matter

e Starship: demonstrated reuse, turnaround time and sustained launch cadence.

e Starlink: customer growth, capacity improvements and optical-network performance.

e Direct to Cell: commercial adoption, service capability and mobile-operator
partnerships.

e Starmind: hardware demonstrations, power/thermal performance and repeatable
deployment.

e Manufacturing: evidence of high-volume vehicle and satellite production.

e Supply chain: confirmed partnerships rather than assumed beneficiaries.

e Government: procurement growth balanced against redundancy and oversight.

e Governance: debris, spectrum and launch rules keeping pace with scale.

These indicators are more useful than headline promises because they measure whether
the supporting infrastructure is actually maturing.

WHY THIS MATTERS

The PROMETHEUS Assessment

The most consequential SpaceX story may not be any single rocket, satellite or Al
spacecraft. It may be the emergence of an organization attempting to coordinate several
infrastructure layers that historically belonged to separate industries.

That does not make the outcome inevitable. It makes the architecture worth watching.
The competitive unit may be shifting from the product to the ecosystem.

If transportation, communications, compute, energy and manufacturing increasingly
reinforce one another, then future technology leadership may depend on the ability to
orchestrate complete systems. That is the broader PROMETHEUS thesis - and it extends far
beyond SpaceX.
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FOR EXECUTIVES, RESEARCHERS AND POLICYMAKERS

8 | Questions for Leaders

e  Which parts of your strategy depend on infrastructure controlled by another
organization?

e Where is the real bottleneck: software, chips, power, communications, manufacturing,
permitting or capital?

e What changes if launch capacity becomes dramatically more available?

e  Which Al workloads truly benefit from orbital processing, and which remain better on
Earth?

e How should governments preserve resilience when commercial networks become
strategically important?

e What evidence would change your view of orbital AI economics?

e Which supply-chain relationships are confirmed, and which are merely assumed?

e What happens when the physical infrastructure beneath Al becomes as strategically
important as the model itself?

These questions are the reason WP-06 exists. The paper is not intended to end the
discussion. It is designed to make the next discussion better.

FINAL ASSESSMENT

Conclusion | The System Is the Story

SpaceX began by attacking the cost and reusability of launch. Starlink used launch
capability to build a global communications network. Direct to Cell extends that network
toward ordinary phones. Starshield adapts related capabilities for government users.
Starmind proposes adding orbital AI compute to the architecture.

The individual programs differ in maturity, economics and risk. They should not be
blended into a single claim of inevitable success.

But viewed together, they reveal an important pattern: transportation, communications,
manufacturing and intelligence are beginning to converge.

The future may belong not simply to the organization with the best technology,
but to the ecosystem that can connect technologies into dependable
infrastructure.

That is the SpaceX question. It is also the PROMETHEUS question.
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HOW TO READ THIS PAPER

Research Discipline

Label PROMETHEUS meaning

Operational or officially documented capability

Established supported by authoritative evidence.
Emerging Announced, filed, piloted or early-stage capability not
yet mature.
Analysis supported by economics, engineering or
Probable . .
strategic behavior, but not guaranteed.
Scenario Forward-looking possibility dependent on unresolved

engineering, economics, regulation or capital.

Company statements are identified as company statements. Government records are used
for authorizations, contracts and program status. Supplier relationships require
documentary evidence. Forward-looking analysis is kept separate from established fact.

This Gold Edition intentionally favors clarity over exhaustive detail. Deeper technical
research remains available for later PROMETHEUS papers and the larger manuscript.
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