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Maintenance of Passive Radiative Cooling Systems for Tranquility Lunar
Proposal

Executive Summary

Passive radiative cooling systems, such as those proposed for the Tranquility Lunar Al Compute facility, are
designed for long-term operation in harsh lunar conditions with minimal intervention. However, threats like
regolith dust adhesion, micrometeorite impacts, thermal cycling, and radiation degradation require proactive
mitigation and maintenance. Robots handle most tasks, with annual costs estimated at $10-50 million for
radiator-specific maintenance (part of facility-wide $200M/year). Key mitigations include dust-resistant coatings,
robotic cleaning, and redundant panels. This white paper details threats, mitigation strategies, costs, and
potential oversights in the proposal.

Maintenance Methods

The Tranquility proposal uses deployable radiator panels (350,000 m2 total) for heat rejection from reactors and
compute modules. Maintenance is primarily robotic, leveraging the Type 2 maintenance robots described in the
master document (10 units at $10M each, total development $200M). Methods include:

Routine Inspections: Robots scan for dust buildup or damage using cameras and
sensors. Frequency: Monthly for high-risk areas, quarterly for others.

Cleaning: Electrostatic brushes or low-power blowers remove dust; sintering (heating
regolith to bind particles) for persistent buildup.

Repair/Replacement: Failed panels disconnected and replaced from spares inventory.
Damaged panels moved to "graveyard" for cannibalization.

Software Updates: Remote Earth control for autonomous robot algorithms, adapting
to observed threats (e.g., dust patterns).

Lifespan: Panels designed for 15-20 years, with 5% annual replacement
rate assumed for redundancy.

These methods ensure >95% uptime, based on ISS radiator heritage (minimal maintenance over decades).

Threats and Mitigations
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The lunar environment poses unique risks to passive radiators. Below are key threats, impacts, and mitigations,
drawn from NASA studies and Apollo data.

Lunar Regolith Dust

Impact: Dust adheres electrostatically, reducing reflectance up to 17% (per studies on Apollo samples and
simulations). Even 50% coverage degrades thermal performance by 10-20%. Dust from operations (landings,
robots) or natural events (micrometeorite ejections) accumulates, blocking heat rejection and risking
overheating.

Mitigation: High-robustness coatings (e.g., low-emittance films); active shutters to protect during dust storms;
robotic cleaning (brushing/sintering). Panels spaced 100m to minimize cross-contamination.

Cost: $5-10M/year (robot time + coatings; 1-2% of facility opex).

Micrometeorite Impacts

Impact: A lunar base faces 15,000-23,000 impacts/year from micrometeoroids (mass 10"-6 to 10 g, speeds up
to 70 km/s). Can puncture panels, erode surfaces, or create dust clouds. Erosion reduces efficiency over time
(5-10% degradation per decade without mitigation).

Mitigation: Armor layers (thin metal/composite); self-healing materials (e.g., micro-encapsulated sealants);
redundant panels (overprovision 10-20%). Impacts monitored via sensors for targeted repairs.

Cost: $10-20M/year (replacements + monitoring; based on NASA estimates for lunar
hardware durability).

Thermal Cycling

Impact: Lunar day/night cycles cause extreme swings (-173°C to +127°C), stressing
materials and causing fatigue/cracks over years.

Mitigation: Materials selected for high thermal tolerance (e.g., carbon composites from
JWST heritage); flexible joints to absorb expansion.

Cost: $5M/year (inspections/reinforcements).

Cosmic Radiation and Solar Particles
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Impact: Degrades panel materials, reducing emissivity/reflectance over
10-20 years.

Mitigation: Radiation-hardened coatings; bury cables in regolith for
shielding.
Cost: $5M/year (material upgrades).

Overall Mitigation Effectiveness: Designs aim for 99%+ robustness, per NASA studies on dust/micrometeorite
threats. Robots reduce human risk/cost.

Costs to Mitigate/Maintain

CapEx for Robustness: Built-in (~$0.5B of $2.5B radiator budget for coatings/armor;
20% premium over basic designs).

Annual Opex: $10-50M (facility-wide $200M/year includes this; robot ops 50%, replacements 30%, monitoring
20%). Scales with expansion; low due to passive nature.

Lifetime Costs: ~$300-500M over 20 years (replacements every 15-20 years; ~10% of
Earth cooling opex equivalent).

Breakdown: Robot maintenance (70%); panel replacements (20%);
coatings/upgrades (10%).

Costs are estimates based on NASA/ESA data for lunar hardware; actuals depend on testing.

What You've Forgotten to Ask

Based on the proposal, here are potential oversights in cooling maintenance:

Integration with Power Systems: How do radiator failures affect reactor shutdowns?
(E.g., backup heat sinks for emergencies.)

Dust from Landings: Starship landings kick up regolith — have you modeled dust
plumes and panel protection during arrivals?
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Long-Term Degradation Metrics: What monitoring tech (e.g., thermal sensors) tracks
efficiency loss over 10+ years?

Crew Involvement: If Phase 2 adds humans, how does that change robot-only
maintenance? (Lower costs but safety risks.)

Spares Inventory: How much on-Moon storage for replacement panels?
(Launch costs add $100M/flight.)

Insurance/Contingency: What covers catastrophic failure (e.g., large meteorite)?
(Proposal's 15% contingency may need specific allocation.)

These are low-risk but worth addressing in updates.

Grok
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