Half-Month Solar Thermal and Electric Storage System for a Lunar Environment.
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If an astronomical station (mainly an observatory) is built one day on the Moon there will be a need to
keep it at a minimum temperature, likely in the vicinity of zero degree Celsius, in order to keep its
computers, electronics components...functional, and keep the optical, mechanical components and
interior environment in a constant temperature.

The solar thermal storage unit proposed here will supply both heat and electricity to the lunar
astronomical station right through the very chilly (minus100 °C) half-month lunar night. We describe a
system for storing solar energy in thermal form in lunar rock over a 15-day period and for its recovery
during the half-month lunar night in the form of guided infrared radiation and electricity from thermoelectric
or thermovoltaic devices. The proposed system is illustrated in Fig. 1. An array of holes is drilled into lunar
solid rock in order to house resistive heating elements operating at a maximum temperature of about 800
degrees Celsius. At this temperature lunar rock with high olivine content will still be in solid form. Twenty-
centimeter wide trenches are dug into the lunar rock and define a lithic thermal storage volume that has a
truncated conical shape. The base of the cone is 60 cm in diameter at a depth of 7 meters, while the top
surface is 2 meters in diameter. At 800 °C this truncated conical volume stores about 21 Gigajoules of
thermal energy. The thermal heat loss through the base of the cone is about 0.8 kW, while the thermal
loss through the conical sides is about 4 kW.

Assuming 30% efficient photovoltaic solar panels with a 1.35 kW/sq. meter insolation we calculate that
about 60 square meters of panels would be required in order to charge up the storage unit and to
compensate for the thermal conduction losses. When the storage unit temperature is 500 °C a 10-cm
hole in the lunar rock will emit about 150 Watts of infrared radiation, which can be guided by a hollow
reflecting waveguide to a chosen target, such as a computer housing or a telescope mirror. Assuming an
IR transmission of 75% through the guide, this infrared could be converted to electricity in future
thermovoltaic cells with an efficiency of about 5% and generate about 6 watts of electricity. At higher
storage temperatures more electricity will be generated. Thermoelectric devices could also be used to
convert about 5% of the thermal energy to electricity.

This generated electricity also can be used for the electronic and control parts of the station.

The same type of system could be adapted to an Astronomical station on Mars. The infrared would be
useful for keeping the temperature of the Mars based observatory (optical and Radio) greenhouses and of

living and control quarters at an acceptable level.
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