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In contrast to the short-term nature of lunar missions in the past, lunar missions in new space era aim to
extend the presence on the lunar surface and to use this capability for the Mars exploration. In order to
realize extended human presence on the Moon, production and use of consumables and fuels required for
the habitation and transportation using in—situ resources is an important prerequisite. The Global Exploration
Roadmap presented by the International Space Exploration Coordination Group (ISECG), which reflects the
space exploration plans of participating countries, shows the phases of progress from lunar surface
exploration to Mars exploration and relates in—situ resource utilization (ISRU) capabilities to each phase.
Based on the ISRU Gap Assessment Report from the ISECG, ISRU technology is categorized into in-situ
propellant and consumable production, in—situ construction, in—space manufacturing, and related areas
such as storage and utilization of products, power systems required for resource utilization. Among the

lunar resources, leading countries have prioritized the utilization of ice water existing in the permanent
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shadow region near the lunar poles and the extraction of oxygen from the regolith, and are preparing to
investigate the distribution of resources and ice water near the lunar south pole through unmanned landing
missions. Resource utilization technologies such as producing hydrogen and oxygen from water by
hydroelectrolysis and extracting oxygen from the lunar regolith are being developed and tested in relevant
lunar surface analogue environments. It is also observed that each government emphasizes the use and
development of the private sector capabilities for sustainable lunar surface exploration by purchasing lunar

landing services and providing opportunities to participate in resource exploration and material extraction.
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Keywords : In-site Resource Utilization (ISRU), lunar surface exploration, Moon to Mars,
lunar ice water, lunar regolith, global exploration roadmap
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Fig. 1. Mission phase summary of global exploration roadmap [1].
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Fig. 2. Objective and performance measure target progress across phase in the global

exploration roadmap [1].
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Fig. 3. In-situ resource utilization (ISRU) and connections to surface systems defined in the

ISRU gap assessment report [4].
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Fig. 4. PRIME-1 payloads on the intuitive machines Nova—C lander (left) and enlarged
TRIDENT drill (right) [10,11]. PRIME-1, polar resources ice-mining experiment-1; TRIDENT,

the regolith and ice drill for exploring new terrain.
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Fig. 5. An artist's concept of the completed design of NASA’s volatiles investigating polar

exploration rover [12].
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Fig. 6. Dirty thermal vacuum camber in Korea Institute of Civil Engineering and Building

Technology (KICT) [19].
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