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AN INTEGRATED REGOLITH HANDLING SYSTEM FOR LUNAR EXCAVATION, PROCESSING,
AND HELIUM-3 RECOVERY

Abstract

The success of long-term lunar habitation and the establishment of a space-based economy depend
on efficient In-Situ Resource Utilization (ISRU). Lunar regolith is the fundamental raw material for this
transition, serving as a critical source for oxygen, water, and construction materials. Furthermore, the
extraction of Helium-3 (He-3) from regolith offers a transformative opportunity for clean fusion energy on
Earth; due to its high commercial value, it could initiate a complete lunar economy with an end-to-end
value chain. However, the abrasive, electrostatic, and cohesive nature of regolith poses significant me-
chanical challenges, as traditional conveying systems often suffer from excessive wear, dust leakage, and
clogging.

To overcome these hurdles, Polimak Space has developed the Modular Drum Conveyor (MDC), a
specialized ”pipeline” architecture designed for the lunar environment. Unlike standard screw conveyors,
the MDC utilizes a rotating outer drum with internal helical flights. This design eliminates internal shafts
and bearings exposed to the material, significantly reducing mechanical failure points and dust dispersion.

The design encompasses a complete ecosystem of modular units tailored for every stage of the regolith
pipeline:

Excavation: Rover-mounted MDC modules for continuous, low-power collection.
Conveying: Interconnectable drums forming flexible, energy-efficient pipelines that reduce rover

reliance. This unit also enables the lifting of regolith to lunar landers for sensors or processors that
require material input.

Sieving: Integrated units for particle size separation to optimize downstream processing.
Preheating: Solar or electric modules that prepare regolith for volatile release and oxygen extraction.
Storage Stockpiling: Enclosed systems for dust-minimized storage and thermal energy retention.

Extensive testing has been conducted to validate the MDC’s performance across diverse conditions.
To simulate the behavior of materials under lunar gravity, tests utilized ultra-light density powdered
materials, as well as heavier particles to assess high-load durability. Performance was evaluated across
horizontal and various inclined angles to determine the system’s gravitational limits and throughput effi-
ciency. Comparative studies against ordinary conveyors demonstrated the distinct advantages of the MDC
design over other conveyor systems. These results position the MDC as a robust, scalable infrastructure
solution for the next generation of lunar mining and He-3 production missions.
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