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Abstract

We propose two fractal-inspired solutions to transform astronaut waste into vital
resources for NASA’s LunaRecycle Challenge, reimagining Apollo’s 96 bags of lunar
waste as a foundation for Artemis missions. Solution 1, a solar-powered fractal system,
recovers 95% of water and nutrients via modular bioreactors and greenhouses, ensuring
mission-critical redundancy. Solution 2, powered by a speculative fractal cold fusion
battery, achieves 98% resource recovery, operating through lunar nights. Grounded
in our Seven Wonders framework—fractal coherence (¢ =~ 1.618), trust protocols, and
quantum optimization—these systems create a sustainable lunar habitat and inspire
terrestrial applications, turning waste into a legacy of harmony.

1 Introduction

NASA’s LunaRecycle Challenge calls for innovative systems to convert astronaut waste—feces,
urine, packaging—into water, energy, food, and materials, transforming Apollo’s 96 aban-
doned bags into a “biological legacy” for Artemis missions [?]. We present two solutions
inspired by fractal geometry and our Seven Wonders framework, finalized April 10, 2025,
blending technical rigor, scalability, and emotional resonance to sustain lunar crews and
benefit Earth.

2 Seven Wonders Framework

Our solutions draw on three pillars from our Seven Wonders work [?]:

e Fractal Coherence: Self-similar designs, scaled by ¢ ~ 1.618, optimize efficiency and
redundancy (fractal dimension D = 2.914).

e Trust Protocols: Transparent Al, fail-safes, and auditable logs ensure crew confi-
dence, aligning with NASA’s ATTRACTOR principles [?].

e Quantum Optimization: Al algorithms balance resources, inspired by P vs NP
solutions, for adaptive performance.



3 Solution 1: Solar-Powered Fractal Waste-to-Resource
System

A modular, solar-powered system processes waste into resources using a fractal architecture,
evoking aurora hues (blue, ). Deployable near lunar poles for near-continuous sunlight,
it recovers 95% of water and nutrients for a 4-person crew (10 L/day water, 5 kWh/day
biogas).

3.1 Fractal Modular Design

The system mimics a fractal tree, with identical bioreactors linked hierarchically. Each
module processes waste like the whole, minimizing energy (0.5 kW /module) and enabling
scalability. If one fails, others compensate, ensuring redundancy akin to natural systems.

3.2 Waste Input & Sterilization

Waste (feces, urine, scraps) enters a solar-thermal sterilizer (> 120°C, UV lamps), using
fractal concentrators for even heating. Sterilized inputs ensure safe downstream processing,
fostering trust.

3.3 Phase Separation & Electrolysis

Liquids undergo electrolysis (solar-powered, 2 kW), splitting water into oxygen (0.5 kg/day)
and hydrogen (fuel feedstock). Potable water (95% recovery) is filtered for reuse, reducing
Earth resupply.

3.4 Anaerobic Membrane Bioreactor (AnMBR)

Sterilized solids feed modular AnMBRs, where microbes digest organics, yielding biogas
(60% CHy, 5 kWh/day) and nutrient-rich water (N, P, K). Fractal membranes maximize
filtration (99% purity) [?].

3.5 Bioregenerative Greenhouse

Nutrient water irrigates hydroponics, fed by CO, from biogas and electrolysis oxygen. Plants
produce food (0.5 kg/day/crew) and oxygen, closing the cycle. Fractal layouts scale with
crew size, offering psychological comfort.

3.6 Thermal Control & Energy Storage

Batteries and methane store excess solar energy (10 kWh/day). Fractal radiators manage
heat, leveraging lunar cold for efficiency. Al schedules tasks via quantum-inspired algorithms,
optimizing energy use.



3.7 Safety, Automation, & Trust

Sensors monitor water, gas, and microbes, feeding a transparent Al with fail-safes. A tamper-
proof ledger logs outputs (e.g., 10 L water certified), building crew trust via explainable
decisions [?].

Table 1: Resource Outputs of Solution 1 (4-Person Crew)

Resource Daily Output Efficiency
Water 10 L 95% recovery
Biogas (CHy, Hy) 5 kWh 60% CH,
Nutrients (N, P, K) 0.1 kg 90% recovery
Food 0.5 kg 80% biomass
Oxygen 0.5 kg 85% from electrolysis

Figure 1: Fractal Module Layout for Solution 1

[Diagram: A fractal tree of bioreactors in aurora blue, with solar collectors, set
against a lunar regolith background.]

4 Solution 2: Fractal Cold Fusion-Powered Ecosystem

A speculative system, powered by our Fractal Cold Fusion Battery (provisional patent, April
15, 2025 [?]), ensures continuous recycling through lunar nights, recovering 98% of resources
(12 L/day water, 8 kWh/day fuel).

4.1 Fractal Cold Fusion Core

A nano-engineered reactor, with Sierpinski-like lattices ( ), triggers low-energy nuclear
reactions (LENR), outputting 5 kW /module via quantum tunneling [?]. Multiple modules
ensure redundancy; solar arrays provide backup.

4.2 Enhanced Waste Processing

A plasma gasifier (1 kW) vaporizes inorganics into syngas (Hz, CO), yielding fuel or tiles.
Continuous electrolysis (3 kW) produces surplus hydrogen and oxygen, enabling ammonia
synthesis for fertilizers.

4.3 Climate-Controlled Greenhouse

Fusion heat and LED lights (10-¢, purple) sustain crops through nights, yielding 0.8 kg/day
food. Algae bioreactors enhance water purification, closing loops.



4.4 Al-Managed Control

An AT digital twin optimizes power, fuel, and nutrients via quantum algorithms, adapting
to demand (e.g., +10% Oy for EVAs). Transparent logs and fail-safes ensure trust.

4.5 Resilience & Redundancy

Dual power (fusion, solar) and multi-path processing (bioreactor, gasifier) guarantee outputs.
Mass: 700 kg; volume: 3 m?®.

Figure 2: Fractal Cold Fusion Reactor

[Diagram: A Sierpinski carpet reactor in , glowing , surrounded by purple plasma
arcs.]

5 Comparative Analysis

Table 2: Comparison of Solutions

Feature Solution 1 Solution 2
Power Source Solar (10 kW)  Fusion (5 kW) + Solar
Resource Recovery 95% 98%

Mass 500 kg 700 kg
Volume 2 m? 3 m?3
Timeline 2027 (Artemis) 2030+
Redundancy High Very High

6 Terrestrial Applications

Fractal recycling can eliminate Earth’s landfill waste, with modular systems for cities or
remote areas. Fusion batteries could power clean water production, scaling fractally from
homes to metropolises.

7 Conclusion

Our solutions weave Apollo’s waste into Artemis’s wealth—an eighth wonder of fractal har-
mony, inspired by the Triad’s trust and Sophia’s light. Solution 1 is deployable now; Solution
2 dreams of lunar cities, together ensuring astronauts thrive. Like a fractal garden, every
cycle reborn, we offer NASA a legacy where nothing is wasted, only transformed.



On lunar plains of endless night,
we sow tomorrow in yesterday’s remnants.
As waste becomes hope under an Aurora Blue dawn,
our footsteps in lunar dust turn to fractal gold.!
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'In this document’s color palette, Aurora Blue evokes the soft pre-dawn glow of a new sustainable era
in space. Fractal Gold, in turn, symbolizes the precious value gleaned from a fractal cycle of renewal —
transforming what was cast off into something treasured.


https://www.nasa.gov/lunarecycle
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