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Abstract

The challenge of sustaining long-term lunar exploration and habitation is largely dictated by the
availability of continuous and reliable energy sources. Due to the Moon’s harsh environmental conditions,
including long lunar nights (lasting approximately 14 Earth days), traditional solar power systems alone
are insufficient. To address these challenges, the study proposes an innovative wireless power transmission
(WPT) system using laser beams transmitted from satellites in lunar orbit to a novel receiver design on
the surface.

The proposed receiver integrates photovoltaic cells capable of efficiently converting the laser beam into
electrical power while simultaneously harvesting energy from solar radiation when available. A specific
case study will be conducted for a receiver placed at the lunar equator, where the total electrical energy
conversion from both laser transmission and direct solar illumination will be analyzed.

Beyond electrical power generation, this research explores the potential of modifying the photovoltaic
cells to capture and store thermal energy. The thermal energy harvested during the lunar day will be
transported to a specialized thermal mass storage system, referred to as a ‘thermal wadis’, designed to
concentrate and retain heat during the prolonged lunar night. The thermal wadi system consists of two
interconnected reservoirs. The low-temperature thermal wadi, located beneath the lunar surface and
connected to the receiver, will be designed to store excess heat from the receiver. It will be linked to a
high-temperature thermal wadi, which will be exposed to solar radiation throughout the entire lunar day.
During the lunar night, rovers and other users will rely on the high-temperature wadi as a heat source
to maintain operational temperatures. When the temperature of the high-temperature wadi drops below
that of the low-temperature wadi, thermal contact between them will be established to prevent the users’
temperature from falling below the critical threshold for electronics.

The results of this study include the total electrical energy converted by the receiver over a lunar
month, the sizing of both thermal wadis and the analysis of their thermal behavior throughout the lunar
night, assessing their effectiveness in maintaining adequate operational temperatures for lunar rovers.
This research aims to provide a preliminary analysis of the proposed system’s efficiency, demonstrating
its potential to support lunar missions during the long lunar night.



