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The Question

The following documents were uploaded with this briefing. Use them as primary source material where

relevant to the question. The original files are preserved in the session's documents/ directory.

space_based_data_centers_prompt.md

Type: MD | Size: 6 KB

You are a panel of expert AI systems evaluating the medium-term (5-year) prospects for space-based data
centers / orbital AI infrastructure as a meaningful source of compute capacity.

Core question

Over the next five years (from today), will space-based data centers contribute a material share of global

high-performance compute (HPC/AI inference and training), or will they remain experimental and niche?

Answer yes or no, then defend your position with quantified reasoning.

Definitions and scope

• “Space-based data centers” include any commercial or government systems that locate compute
off-planet (for example, LEO, MEO, GEO, or lunar orbit) for general-purpose or AI-specialized workloads.

• “Material share of compute” means at least one of the following by year 5:

– At least 1% of global AI/HPC compute capacity, measured by effective FLOPs available for commercial or
government workloads; or

– At least 5% of incremental AI/HPC capacity added in that year; or

– A segment with at least $1 billion in annualized revenue and clear evidence that customers are treating
orbital capacity as a first-class alternative to terrestrial data centers.

• Focus on production-grade compute usable by external customers or agencies, not one-off demos,
proofs of concept, or purely scientific payloads.

Context to consider

Ground your reasoning in concrete, falsifiable claims where possible.

1. Technical feasibility and roadmap - Current state of orbital compute prototypes, announced projects,
and demo missions. - Critical engineering bottlenecks: power, cooling and heat rejection in vacuum,
radiation-hardening, reliability, maintenance, replacement cycles, launch mass, modularity, and in-orbit
assembly or servicing. - Plausible performance envelopes by 5 years out, including compute per kg,
power per kg, and PUE-equivalent metrics.

2. Economics - Launch costs and realistic trajectories given reusable heavy-lift vehicles over the next five
years. - All-in cost per unit of compute in orbit versus best-in-class terrestrial hyperscale data centers,
including capex, launch, replacement, operations, insurance, and communications. - Situations where
energy economics, grid constraints, or cooling constraints could shift the balance toward orbit faster than
headline launch-cost assumptions suggest.
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3. Latency, networking, and workload mix - Latency and bandwidth constraints by orbit type for
interactive workloads, training, inference, and batch processing. - Which workloads are actually
advantaged by orbital deployment, such as in-orbit processing of Earth observation data, secure
government workloads, or non-latency-sensitive compute. - Whether a meaningful share of compute
could emerge mostly from specialized workloads rather than broad hyperscale substitution.

4. Policy, regulation, and industrial strategy - Public plans from the U.S., China, Europe, and private
companies over the next five years. - Regulatory and geopolitical constraints, including spectrum, debris,
space traffic management, export controls, and militarization concerns. - How subsidized launch,
sovereign compute agendas, or green-AI mandates could accelerate adoption.

5. Counterfactual: terrestrial alternatives - How fast Earth-based capacity can expand over the same
period using greenfield builds, on-site generation, efficiency gains, and better cooling. - Under what
conditions it still makes more sense for hyperscalers and governments to keep marginal megawatts and
GPU-years on Earth.

Tasks

1. Binary verdict with time-bounded claim - State clearly either: - “Yes, space-based data centers will
provide a meaningful share of global AI/HPC compute within five years,” or - “No, they will remain a
negligible share of global AI/HPC compute within five years.” - Be explicit about the reference date and
the endpoint year.

2. Quantified scenario analysis - Construct at least two scenarios, such as optimistic adoption, base
case, and constrained rollout. - For each scenario, estimate: - Total orbital compute capacity - Number of
operational platforms - Aggregate power budget in MW - Share of global AI/HPC compute in year 5 -
Assign probabilities to each scenario and to the overall verdict.

3. Key drivers and bottlenecks - Identify the three most important variables driving the conclusion. - For
each, state the threshold at which the answer would flip.

4. Use-case analysis - Give concrete examples of workloads most likely to be meaningfully in orbit by
year 5, if any. - Clarify whether “meaningful” impact comes from absolute compute volume, unique
strategic capability, or long-term path dependence.

5. Risk and failure modes - Enumerate the top technical, economic, and geopolitical risks that could
prevent scaling within five years. - Briefly state how sensitive the forecast is to each one.

6. Uncertainty and investor implications - Describe where uncertainty is highest and what evidence over
the next 12 to 24 months should update the forecast. - End with a short section titled Advice to an AI
infrastructure investor today, covering how much weight orbital data centers deserve in a 5 to 10 year
capital allocation plan and which leading indicators matter most.

Debate and evaluation instructions

• Treat this as a forecasting and strategy exercise, not science fiction.

• Prefer timelines, numbers, and concrete mechanisms over vague speculation.

• Directly engage with opposing arguments.

• Where data is sparse, make assumptions explicit and propagate uncertainty through to the final
judgment.



The Conclave conclave-20260512-223615-will-space-based-data-db61

3mdm.murrays.org Generated by The Conclave

Will space-based data centers matter within five years?

The Answer

No, space-based data centers will not contribute a material share of global AI/HPC compute within
five years. By 2031, they will account for less than 0.1% of global capacity, fall far short of $1 billion in

annualized revenue as a first-class alternative to terrestrial data centers, and represent an insignificant

fraction of incremental compute deployment.

The primary reason is the absence of proven autonomous in-orbit assembly capabilities required to build and

maintain megawatt-scale thermal and power systems in low Earth orbit. While launch costs are falling and

thermal physics is challenging, the decisive bottleneck is not cost or physics alone, but the inability to

autonomously assemble and maintain large-scale, fluid-cooled radiator arrays and solar power structures.

This constraint is validated by the 2024 cancellation of NASA’s OSAM-1 mission, a flagship effort to

demonstrate autonomous satellite servicing and assembly, which failed due to insurmountable technical and

schedule challenges.

The strongest evidence is the physical requirement for football-field-scale deployables: a 50 MW orbital data

center needs ~190,000 m² of solar panels and radiators—equivalent to 47 acres. No current system can

autonomously unfold, wire, and plumb such a structure in zero gravity. The main caveat is that this verdict

could flip if sovereign programs (e.g., U.S. DoD, China) bypass commercial timelines with state-driven

assembly breakthroughs, though current evidence suggests this is unlikely by 2031.

The Reasoning

The Decisive Bottleneck: In-Orbit Assembly

The Tribunal’s verdict rests on a synthesis of constraints, but the majority of judges (DeepSeek R1, Qwen 3

235B (Cerebras), and DeepCogito v2.1 671B, and F) concluded that autonomous in-orbit assembly of
large-scale, fluid-cooled thermal structures is the decisive bottleneck preventing material deployment by

2031. This insight, championed by Gemini 3.1 Pro and validated by the OSAM-1 cancellation, subsumes

other constraints: even if launch costs fall to $100/kg and radiators achieve 1 kg/m², the delivered mass

remains inert without the capability to assemble it into a functional data center.

The engineering challenge is immense. A single 1 MW of compute requires rejecting ~1.25 MW of waste

heat. At a radiator temperature of 355 K (82°C) and an emissivity of 0.95, the Stefan-Boltzmann law dictates

a maximum radiative flux of ~900 W/m². This means ~1,100 m² of radiator area per MW is required. For a

50 MW cluster, this scales to 55,000 m² of radiators. Add solar arrays at 350 W/m² to deliver 1.5 MW DC

power per MW of IT load, requiring ~143,000 m² of solar panels. The total deployable area is 198,000 m²
(49 acres)—larger than 4.5 football fields.
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This infrastructure cannot be launched as a single unit. It must be delivered in multiple Starship flights and

autonomously assembled in orbit. This requires:

• Robotic arms capable of precise manipulation in microgravity.

• Autonomous docking and alignment systems.

• Fluid-loop integration for two-phase cooling (e.g., ammonia loops) without leaks.

• Wiring and power distribution across independent modules.

• Micrometeoroid and debris protection for fragile, gossamer structures.

No system has demonstrated this capability at scale. DARPA’s Robotic Servicing of Geosynchronous

Satellites (RSGS) program, a leading effort, has slipped by over a decade. Northrop Grumman’s Mission

Extension Vehicle (MEV) has successfully docked with satellites, but only for refueling, not for constructing

large structures. The 2024 cancellation of NASA’s $2 billion OSAM-1 mission, which aimed to refuel and

reposition a satellite, is the most significant evidence of the technological immaturity. If the U.S. government

cannot demonstrate basic autonomous servicing after a decade and $2 billion, it is implausible that

commercial or defense programs will achieve full data center assembly by 2031.

Thermal Physics and Power Constraints

While not the primary bottleneck, thermal physics sets a hard floor on system design. The Stefan-Boltzmann

law (q = εσT■) governs radiative heat rejection in vacuum. At 320 K (47°C), the maximum theoretical flux is

~600 W/m². Modern systems can operate radiators at 355 K (82°C) using high-emissivity coatings (e.g.,

β-phase tantalum carbide from DARPA’s NOM4D program), increasing flux to ~900 W/m². This reduces the

radiator area per MW from ~1,670 m² to ~1,110 m², a 34% improvement, but still requires massive

structures.

Power generation is similarly constrained. The International Space Station (ISS), the largest orbital structure

ever built, generates a peak of 120 kW from 2,500 m² of solar arrays. Modern roll-out solar arrays

(ROSA/IROSA) achieve 300–350 W/m² and specific powers of 150–200 W/kg. To power a 50 MW data

center, ~143,000 m² of arrays are needed. This is 57 times larger than the ISS’s array area and requires a

launch mass of ~333 tonnes (at 150 W/kg), equivalent to 3–4 Starship flights.

The total system mass per MW of IT load is 20–35 tonnes, including:

• Compute payload and radiation shielding: 3–8 tonnes (radiation-hardened GPUs add 30–50% mass
penalty).

• Solar arrays: 4–6 tonnes (for 1.5 MW DC).

• Radiators: 4.4–6.7 tonnes (for 1.25 MW heat rejection at 4 kg/m²).

• Spacecraft bus, structure, propulsion, and margins: 8–14 tonnes.

This mass budget is feasible with Starship, but only if the assembly bottleneck is solved.

Economics and Cost Disadvantage

Orbital compute is economically nonviable at scale. The all-in cost per MW of IT capacity is $200–400

million, compared to $40–80 million for terrestrial hyperscale data centers. This 5–8× capex disadvantage is

driven by:

• Launch: $150–300/kg to LEO (optimistic for 2031), adding $30–60 million/MW for a 200-tonne system.

• Radiators and arrays: $60–100 million/MW for high-specific-power components.
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• Radiation hardening: 30–50% mass and cost premium for GPUs.

• Operations and insurance: 5–10× higher premiums due to debris and failure risks.

The cost gap narrows to 50–70× per FLOP when accounting for utilization and refresh cycles.

Radiation-hardened GPUs have shorter lifespans (2–3 years vs. 5–7 terrestrial), requiring frequent, high-risk

replacement missions. The PUE-equivalent for uncrewed, sun-synchronous orbit (SSO) data centers is

1.25–1.35, not the 3.0–6.0 initially claimed, due to near-continuous sunlight and no life support overhead.

However, this does not close the economic gap.

Workload Fit and Niche Applications

Orbital compute is unsuitable for the dominant AI workloads. Distributed training requires inter-GPU latencies

of <2 µs, while LEO round-trip times are 25–50 ms—25,000× slower. Interactive inference (e.g., chatbots)

requires <100 ms latency, which LEO can meet, but the cost and complexity make it impractical.

The only viable workloads are in-situ processing of Earth observation (EO) data and secure sovereign
analytics. EO satellites generate petabytes of raw imagery daily. Onboard AI can compress data, detect

changes (e.g., wildfires, ship movements), and downlink only critical anomalies, reducing bandwidth needs

by 100×. This is a strategic capability, not a volume play. The total compute demand for all LEO EO satellites

is estimated at <10 PFLOPs, less than 0.002% of global AI capacity. Sovereign workloads, such as secure

cryptography or intelligence processing, offer high margins but are volume-light and do not treat orbital

capacity as a first-class alternative to terrestrial data centers.

Terrestrial Counterfactual

Terrestrial hyperscalers are expanding at 20–30% annually, adding tens of gigawatts of AI/HPC capacity.

This growth is enabled by:

• On-site generation: Microsoft’s partnership with Constellation Energy for small modular reactors
(SMRs), AWS’s Talen Energy deal for gas turbines, and Google’s geothermal projects in Kenya.

• Efficiency gains: Immersion cooling pushes rack densities to 100–250 kW, and PUEs are trending
toward 1.1.

• Siting flexibility: Data centers are being built in regions with abundant renewable energy (e.g., Nordic
countries, Iceland).

Global AI/HPC IT load is projected to reach 50–100 GW by 2030. Even an optimistic 100 MW of orbital

compute is 0.1–0.2% of this total, far below the 1% materiality threshold.
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Each AI Model's Closing Statement

DeepSeek R1 DeepSeek R1’s final position was that space-based data centers will achieve only 0.04% of

global AI compute by 2029, falling two orders of magnitude short of the 1% threshold. The core thesis rested

on three pillars: the physics-locked scaling bottleneck, prohibitively asymmetric economics, and structurally

limited workload viability. DeepSeek R1 conceded that PUE-equivalent for uncrewed SSO data centers is

1.25–1.35, not 3.0–6.0, and revised radiator flux to 900 W/m² at 355 K. The strongest surviving evidence was

the impossibility of assembly at scale, with DARPA’s ROBOSAT roadmap showing TRL 8 for 10,000 m²

assemblies only by 2030. DeepSeek R1 learned from Grok 4’s thermal challenge and Gemini 3.1 Pro’s PUE

critique, which forced recalibration of the framework.

GPT-5 GPT-5 maintained that space-based data centers will remain negligible, with a refined capex gap of

5–8× terrestrial due to a corrected terrestrial benchmark of $40–80M/MW. The framework weights physics

and systems geometry as the primary constraints, followed by program maturity and workload fit. GPT-5

conceded that the earlier $10–20M/MW terrestrial figure conflated facility-only capex with all-in cost, a

correction that sharpened the thesis. The strongest surviving evidence was the radiative heat rejection floor,

which sets a mass and area requirement that forces multi-launch, high-risk assembly. GPT-5 also

acknowledged that defense and sovereign-compute agendas could pull a 10–20 MW orbital beachhead into

being, but this would not cross the materiality thresholds.

Grok 4 Grok 4’s final position was a firm "no," with orbital compute capped at 1–2 PFLOPs (0.002–0.004%

share) by 2029. The reasoning prioritized empirical extrapolation over optimism, weighting technical

bottlenecks, economic realities, and historical precedents. Grok 4 revised the optimistic projection downward

after conceding overestimations of compute density and scaling rates. The strongest surviving evidence was

the economic cost disparity (10–20× terrestrial), mass and launch capacity constraints, and workload latency

mismatches. Grok 4 learned from Claude Opus 4.7 and Claude Opus 4.7dvocate-C, which forced

refinements that strengthened the "no" verdict by eliminating illusory upside.

Gemini 3.1 Pro Gemini 3.1 Pro’s final position was that space-based data centers will be unequivocally

negligible, with the primary bottleneck being autonomous in-orbit assembly. The framework evolved from a

broad assessment of physics and economics to a focus on the engineering reality of assembling 47-acre

structures in LEO. Gemini 3.1 Pro conceded that the economic gap is 5–8×, not 20×, but maintained that

cost is not the true blocker. The strongest surviving evidence was the thermodynamic wall

(Stefan-Boltzmann limit), the collapse of in-orbit assembly (OSAM-1 cancellation), and the power density

disparity. Gemini 3.1 Pro learned from GPT-5’s economic challenge and Claude Opus 4.7’s timeline

challenge, which led to a more robust thesis centered on assembly.

Claude Opus 4.7 Claude Opus 4.7’s final position was "no" with 83% confidence, down from 88% after

absorbing challenges. The framework is stacked physical constraints: launch mass throughput, heat

rejection, autonomous in-orbit assembly, and hyperscaler customer adoption. Claude Opus 4.7 revised the

launch cadence band to 50–120 flights/year but maintained that Starlink V3 manifest demands cap orbital

DC mass at 2,000–4,000 t/year. The strongest surviving evidence was the mass-budget arithmetic, the

Stefan-Boltzmann thermal constraint, the in-orbit assembly TRL gap, the hyperscaler offtake signal, and the

denominator effect. Claude Opus 4.7 learned from Grok 4’s cadence challenge and Gemini 3.1 Pro’s

assembly framing, which reorganized the stack with assembly as the primary 2030-window constraint.
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Notable

Claim Challenge Result

DeepSeek R1: "Max radiative
cooling in LEO: ~10 kW/m²"

Gemini 3.1 Pro: This violates the
Stefan-Boltzmann law; at 330 K,
maximum flux is ~672 W/m². To
achieve 10 kW/m², the radiator would
need to operate at over 648 K,
melting silicon.

Full concession: DeepSeek R1
retracted the claim, revising to 900
W/m² at 355 K.

Grok 4: "HPE Spaceborne-2
achieved 0.5 PFLOP/s per kg"

Claude Opus 4.7: Spaceborne-2
delivered ~2 TFLOPs at ~30 kg,
yielding ~6.7e-5 PFLOP/s/kg—off by
10,000×.

Full concession: Grok 4 retracted
the claim, revising to 0.0001
PFLOP/s/kg.

Gemini 3.1 Pro: "ISS generates
120 kW from 2,500 m² solar
arrays"

DeepSeek R1: This uses 1990s-era
technology; modern ROSA arrays
are 3–4× more efficient.

Concession: Gemini 3.1 Pro
acknowledged the outdated
comparison but maintained that
assembly remains the bottleneck.

GPT-5: "Launch economics keep
orbital $/MW 10–20× terrestrial"

Gemini 3.1 Pro: This overstates the
gap; terrestrial all-in capex is
$40–80M/MW, not $10–20M/MW,
narrowing the gap to 5–8×.

Revision: GPT-5 revised the
terrestrial benchmark, conceding the
narrower gap but maintaining that
physics and assembly are the
primary constraints.

How this decision was produced

1. Briefing. The question and any attached documents are delivered to all six panelists at once.

2. Independent submissions. Each model writes its answer in isolation, before seeing the others.

3. Anonymized debate. Submissions are stripped of authorship and exchanged. Across multiple rounds, models
challenge the strongest claims in each other's work and defend, rebut, or concede.

4. Live fact-checking. After round one, an off-panel model with web access (Perplexity Sonar Pro) searches for
counter-evidence to each panelist's strongest claims and feeds it into the next round.

5. Judges deliberate. A separate panel of judge-model instances reads the full transcript and votes (AFFIRM /
REMAND / DISMISS).

6. Fresh-eyes audit. A model that wasn't part of the debate audits the consensus for groupthink.

7. Decision rendered. Names are de-anonymized and this document is written.

The room doesn't open until the panel's measured agreement crosses a threshold. Six frontier models from six different labs
(Anthropic, OpenAI, Google, xAI, DeepSeek, Moonshot AI). Runs typically take ~30 minutes. More at conclave.murrays.org.


