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Introduction:  Mobile robotic systems, tele-

operated from Earth such as the rovers Spirit and Op-
portunity, which have been operating on the surface of 
Mars for more than four years, could provide substan-
tial scientific payloads for lunar science and explora-
tion.  However, the lunar environment and particularly 
the 27-day diurnal cycle of the Moon present a thermal 
challenge that is considerably more severe than on 
Mars.  At equatorial regions, for example, tempera-
tures range from a high of about 400 K to a low of 
about 100 K, too cold for most electronics, sensors and 
battery systems.  Unless onboard radioisotope heating 
is included, robotic lunar rovers may be unable to sur-
vive the extreme cold of the lunar night. 

Thermal Wadi Concept:  We propose the devel-
opment of an innovative science and exploration archi-
tecture for the lunar surface based on the establishment 
of distributed sources of heat and power – thermal 
wadis – that can support tele-operated rovers and sta-
tionary science platforms for periods of years.  Ther-
mal wadis can be assembled using minimal hardware 
from Earth plus a locally available resource, lunar re-
golith, which can be processed to yield suitable ther-
mal-mass materials for energy storage.[1] 

The basic concept for a thermal wadi consists of a 
thermal mass plus an energy reflector that can be con-
figured to either reflect solar energy onto the thermal 
mass during periods of sunlight or reflect infrared 
energy back to the thermal mass during periods of 
darkness.  As depicted in Figure 1, solar energy is ab-
sorbed and stored within the thermal mass during pe-
riods of sunshine and is used to provide temperature 
control for rovers and other assets during periods of 
darkness.[2] 
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Standard Rover Concept:  Thermal wadis will 
enable the establishment of a class of compact rovers 
having standard equipment for the functions of power, 
mobility, navigation and communications plus stan-
dard interfaces for instrument packages.  Multiple rov-

ers would be associated with each thermal wadi, allow-
ing a wide variety of instruments and lunar science 
objectives to be fulfilled. 

Networks of Thermal Wadis:  We contemplate 
the establishment of multiple thermal wadis, placed 
tens or hundreds of kilometers apart, based on the de-
velopment and landing of wadi assembly modules on 
the lunar surface.  In principle, each thermal wadi 
would be capable of providing heat (and perhaps pow-
er) for multiple lunar rovers, tele-operated from Earth 
by teams of researchers and engaging multiple coun-
tries.  Figure 2 illustrates one notional network of 
thermal wadis in the vicinity of the South Pole of the 
Moon.  In the figure, the bold red circles identify no-
tional exploration perimeters, with one thermal wadi at 
the center of each, overlapping areas of interest based 
on data from the Clementine and Lunar Prospector 
spacecraft suggesting the possible presence of water-
ice and other volatiles.  For this figure, the exploration 
perimeters are based on radii of 48 kilometers – the 
distance that a rover could travel over a time period of 
about 80 hours (about 1/8th of a lunar diurnal cycle) – 
and enclose an area of over 7,000 square kilometers 
each. 
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Figure 1 – Thermal Wadi Concept 
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Figure 2 – Notional South Pole Network 
of Thermal Wadis
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