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Abstract

Effective waste management and material production strategies are paramount for sustainable space
habitation. Mycelium-based composites (MBC) provide an innovative solution by transforming agricul-
tural waste—specifically, root residues from advanced space farming techniques such as hydroponics and
aeroponics—into high-value, biodegradable construction materials. This study decisively explores the in-
tegration of fungal growth with space farming byproducts to create lightweight and durable composites,
perfectly suited for interior structural and functional applications in extraterrestrial habitats.

We focused on utilizing root waste from hydroponically cultivated wheatgrass as the primary substrate,
a waste stream that is typically discarded but holds significant potential for reuse. The substrate was
inoculated with fungal spores from Reishi mushrooms (Ganoderma lucidum), chosen for their robust
mycelial networks and ability to efficiently bind organic material. Under controlled growth conditions
designed to mimic aspects of extraterrestrial environments, the mycelium rapidly colonized the wheatgrass
roots, transforming the waste into a cohesive composite material.

These MBCs exhibit low density and observed durability on a small scale, while their biodegradability
ensures a minimal environmental footprint. These characteristics demonstrate the application potential
in space habitat interiors and contribute to a closed-loop material cycle that minimizes dependency on
Earth-based resources. Moreover, the bio-composite possesses a unique tactile quality reminiscent of
earth-grown ‘skin,” which could positively influence the psychological and sensory experience of space
explorers, making confined habitats feel more natural and comfortable.

This proof-of-concept study validates the feasibility of repurposing space farming waste into sustain-
able building materials through bio-fabrication. By closing material loops and promoting regenerative
design principles, MBCs present an eco-friendly alternative to synthetic materials traditionally used in
construction. Future work will aim to optimize the growth parameters and scale up production while
evaluating the composite’s performance under simulated microgravity and high-radiation conditions. Ul-
timately, this research lays the foundation for self-sustaining space habitats that leverage in-situ resource
utilization and advanced bio-fabrication technologies to support long-term human space exploration.



