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Introduction: The U.S. National Aeronautics and
Space Administration (NASA), and its many partners,
are working to return humans to the Moon as part of
the Artemis Program. Unlike the earlier Apollo mis-
sions, the Artemis missions will not be “flags and
footprints” short-duration sorties, but rather a series of
increasingly longer-term missions, concentrated across
a few deliberate locations, for the specific purpose of
aggregating infrastructure for the ultimate development
of a lunar outpost or base [1].

Despite reductions in the cost of access to space,
the Artemis Program is estimated to be a USD 93 bil-
lion dollar undertaking and so, both government and
commercial mission planners, are looking for ways to
reduce the overall cost of program activities [2].

One such potential cost saver is to reduce logistics
costs by making use of resources available on the
Moon to produce expendables (propellant, oxygen,
water) and construction materials in-situ. With the
government as a potential anchor customer, multiple
commercial ventures are therefore aiming to develop
the plans and infrastructure to provide these basic mis-
sion consumables for sale at multiple destinations
within cis-lunar space.

While a human presence on the lunar surface is
central to the Artemis Program, the same cannot be
said of commercial efforts to provide in-situ derived
resource products. Proponents of an all-robotic work-
force cite the significant safety, technical, and resultant
financial challenges associated with sustained human
presence on the lunar surface, and on this basis, pro-
posals for the construction and operation of lunar sur-
face resource facilities are being produced on the as-
sumption of an all-robotic workforce [3].

Discussion: Mining, at scale, in the lunar envi-
ronment will be extremely challenging. Comparisons
of the relative environments endured by equipment at
the terrestrial “coal face” vs that on the Moon, suggest
at least an order of magnitude increase in destructive
capability when interacting with lunar regolith [4].

Within the terrestrial mining industry, certain me-
chanical breakdown pathways are well understood.
The chief considerations regard the hardness of the
material being mined and the resultant dust created in
the process [5]. On Earth, these two factors often op-
pose each other: harder material produces less dust.

However, on the Moon, billions of years of weathering
have produced a thick multi-meter deep layer of rego-
lith that cant be avoided and is present in quantities
that exceed operational terrestrial mines [6].

The expected result is that industrial equipment on
the Moon will face challenges that terrestrial miners,
who operate in a much more benign environment, still
can not solve as even today mining equipment suffers
breakdown rates exceeding 20%, especially for equip-
ment that is involved in Kinetic interactions with the
targeted material such as excavators and loaders [7].

Given the resultant robotic workforce production
metrics needed to achieve aspirational resource supply
goals as suggested by NASA's Space Technology Mis-
sion Directorate, aspiring lunar resource providers
should anticipate an indispensable need for human
maintenance technicians to rescue and repair the indus-
trial robotics put into service on the Moon [8].

Conclusion:  Given humanities 42,000 years of
collective mining experience within the comparatively
benign terrestrial environment and the significant re-
sultant equipment breakdown rates still experienced
within the modern mining industry, a new requirement
for aspiring commercial lunar resource providers is
suggested: that of on-site human maintenance techni-
cians who, much like their terrestrial industry counter-
parts, work full-time keeping the mining equipment
operational.
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