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Introduction: In recent years the exploration of the 

Moon and the establishment of a permanent human 

presence on its surface has regained the attention of 

space agencies, for example NASA recently announced 

a partnership with nine companies for commercial lu-

nar payload delivery. There are various scientific ra-

tionales for returning to the Moon, ranging from inves-

tigating the origin and evolution of the Earth-Moon 

system, to life sciences and using the Moon as a plat-

form for Earth and astronomical observation [1]. To 

establish a sustained lunar surface infrastructure and 

support extended exploration activities in cis-lunar 

space, the use of native resources is seen as vital. Such  

In situ Resource Utilisation (ISRU) will drastically 

reduce initial launch mass and cost, and decrease the 

reliance on supplies from Earth [2].  

The use of lunar regolith: The Moon’s surface is 

covered in several meters of soil (regolith) created by 

the impact of asteroids, comets, and their debris over 

4.5 billion years of Solar System history [3]. The rego-

lith contains several chemical elements that can poten-

tially be used for mission support; for example, more 

than 40% oxygen that can be used as propellant and in 

life support systems, forming the most likely initial 

applications [4][5]. Several techniques for oxygen ex-

traction from regolith have been proposed and are be-

ing investigated, e.g. hydrogen or carbo-thermal reduc-

tion [6][7]. The lunar soil can, however, also be used 

for in-situ manufacturing and habitat construction. A 

range of technologies are being developed at the mo-

ment, including: sintering of regolith using concentrat-

ed sunlight [8], 3D printing for building habitats (D-

shape) [9], selective laser melting [10], and direct en-

ergy deposition [12]. Other applications include radia-

tion protection, metal production, or the extraction of 

solar-wind implanted volatiles.  

Excavation, handling, and beneficiation of  rego-

lith: All ISRU processing techniques have the mutual 

requirement of having (pre-processed) regolith deliv-

ered constantly. Therefore, efficient and reliable exca-

vation, handling, and beneficiation processes of rego-

lith have to be established. Even though many possible 

extraction options are being investigated, e.g. bucket 

wheels/ladders [13], pneumatic systems [14], (flexible) 

augers [15], or scrapers [16], there is currently no con-

sensus as to which option is optimal for different lunar 

surface conditions or manufacturing needs. One signif-

icant issue to consider is the geotechnical properties of 

the lunar regolith, which differ significantly from ter-

restrial soils. Regolith is highly abrasive due to ex-

tremely irregular particle shapes, very fine-grained, 

adhesive, dense, and easily electrically charged [17]. 

Experience gained during the Apollo missions showed 

that the lunar “dust” damages surfaces, coats and pene-

trates into mechanisms, causing malfunction of me-

chanical parts or thermal control problems [18]. There-

fore, any ISRU hardware that is supposed to operate 

for an extended period of time, has to be specifically 

designed to withstand the impact of these soil proper-

ties. In order to design robust mechanisms and test 

them on Earth, we need new sample return missions 

obtaining larger quantities of natural regolith.  

Parametric review of excavation and handling 

techniques: The presented work provides a compre-

hensive review of regolith excavation and handling 

techniques for lunar ISRU. To compare and evaluate 

the different mechanisms, a set of representative pa-

rameters is chosen. Additional to process parameters, 

e.g. excavation rate or power consumption, experi-

mental conditions,  type of simulant used, and gravity 

conditions are being considered. Based on the paramet-

ric comparison of the mechanisms the probability of 

incorporation into future lunar ISRU missions is evalu-

ated. This will enable easier categorisation and evalua-

tion of future excavation technologies.  
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