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Abstract

Ensuring sustainable food production is a critical challenge for long-duration space missions and
future planetary habitats. This presentation explores the integration of Controlled Environment
Agriculture (CEA) with hydroponic systems, In-Situ Resource Utilization (ISRU), and 3D food
printing technologies to enable efficient, resilient space farming and food preparation.

By leveraging hydroponic CEA systems, optimized for closed-loop environments and minimal
resource consumption, we can grow fresh crops in space with precise control over nutrients, water,
and lighting. ISRU strategies are examined to reduce reliance on Earth-based supply chains,
including the recycling of water and nutrients, use of regolith-derived substrates, and atmospheric
processing.

Furthermore, 3D food printing offers a promising solution for transforming raw plant biomass and
shelf-stable ingredients into nutritious, palatable, and customizable meals, potentially enhancing
crew morale and dietary variety.

The talk will highlight experimental setups, system integration challenges, and future pathways
for deploying these technologies in orbital and planetary missions, with the ultimate goal of
supporting human life beyond Earth.
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