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BIO-BASED STRATEGIES FOR LUNAR CONSTRUCTION: EVALUATING SODIUM ALGINATE AS
A SUSTAINABLE REGOLITH BINDER

Abstract

The development of sustainable lunar construction methods is essential for enabling long-term human
habitation on the Moon. Traditional regolith stabilization techniques, such as sintering and synthetic
polymeric binders, have demonstrated feasibility but often involve high energy consumption, complex
chemical processing, or operational constraints that may limit large-scale implementation. While these
methods contribute to in-situ resource utilization (ISRU), optimizing construction strategies for energy
efficiency and environmental adaptability remains a critical challenge.

This study explores sodium alginate, a naturally derived biopolymer, as a bio-based, low-energy al-
ternative for regolith binding in lunar construction. Unlike conventional stabilization methods, sodium
alginate promotes material cohesion through ionotropic gelation, a process that occurs under ambient
conditions without requiring high-temperature processing or synthetic additives. Its ability to function
in low-water environments makes it particularly advantageous for lunar applications, where resource ef-
ficiency is a priority. Furthermore, sodium alginate can be synthesized through controlled bioprocesses,
enabling an ISRU-compatible, biologically driven approach to construction. By integrating biomaterials
with regolith, this method broadens the range of available lunar construction strategies, offering a scalable
and sustainable solution for extraterrestrial infrastructure.

This research evaluates the binding efficacy of sodium alginate when combined with lunar regolith
(LSP-2), assessing its mechanical performance and potential as a construction material. By leveraging
biological processes in space construction, this study contributes to the advancement of bio-based solutions
for extraterrestrial infrastructure, reinforcing the role of sustainable, adaptive technologies in future lunar
settlements.
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