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“If God wanted man to become a spacefaring species, He would have given man a Moon.”

- Krafft Arnold Ehricke



Artemis: Landing Humans on the Moon
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Artemis Base Camp Buildup
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A Vision for a Sustainable Artemis Base
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Manufacturing, Construction, and Outfitting

• Manufacturing (e.g.,
In-Space Manufacturing)

• Construction (e.g., Moon to 
Mars Planetary Autonomous 
Construction Technology 
(MMPACT) project)

• Outfitting (relatively new area!)
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From top moving clockwise: Butch Wilmore holding the first 3D printed ratchet wrench in space. Vision of a future lunar base
(image courtesy of ICON and Space Exploration Architecture). Living in a lunar habitat (image courtesy of ICON and the Bjarke Ingels 

Group). Future Engineers student-designed multipurpose tool printed on-orbit. 3D printed wireless humidity sensor.



MMPACT
GOAL
Develop, deliver, and demonstrate on-demand capabilities to protect 
astronauts and create infrastructure on the lunar surface via 
construction of landing pads, habitats, shelters, roadways, berms, and 
blast shields using lunar regolith-based materials

APPROACH
MMPACT is comprised of 3 interrelated elements

− Olympus – Autonomous Construction System 
− Construction Feedstock Materials Development
− Microwave Structure Construction Capability (MSCC)

High Level Capability Gaps (including those identified by the
LSII Formulation Guidance for Lunar Surface Construction):

− Deposition processes and associated materials
− Increased autonomy of operations
− Hardware operation and manufacturing under lunar 

environmental conditions 
− Long-duration operation of mechanisms and parts
− Scale of construction activities
− Material and construction requirements and standards
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MMPACT – Current Partners
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MMPACT – In-Situ-Based Construction Materials

• Materials under study (including but not limited to)
−Cement/regolith blends
−Geopolymer
−Ductile iron/steel
−Microwave sintered regolith
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ISRU-based ductile iron cooled at 0.1°C/s (left) and 1.0°C/s (right).  The difference is 
the formation of the harder phase, martensite (brown), at higher cooling rates.  

Images courtesy of Mississippi State/Blake Stewart.

Materials ISS Experiment 15 contains multiple 
geopolymer samples. Image of geopolymer 

square courtesy of Penn State/Peter Collins and 
Aleksandra Radlinska.

Sulfur cement/regolith blend following 
impact testing. Image credit: NASA.



Leveraging Lunar Resources
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False color mosaic of the Moon
Galileo spacecraft 12-7-92 Image credit: JPL

Unified Geologic Map of the Moon orthographic projections 
Image credit: NASA/GSFC/USGS

Lunar South Pole multi-temporal illumination map
Image credit: NASA/GSFC/Arizona State University/LRO



Leveraging Lunar Resources

Lunar CRater Observation and 
Sensing Satellite (2009)
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Leveraging Lunar Resources
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Leveraging Lunar Resources
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Additional Resources

• Crew waste
−Polymers
−Carbon
−Human waste
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ISRU/ECO - Technology Gaps

• Extraction of elements/compounds from regolith on an industrial scale
• Conversion of extracted elements/compounds into manufacturing or 

construction precursors (e.g., metal alloys, cement components)
• Production of usable manufacturing or construction feedstock (e.g., 

creating metal microspheres for powder bed fusion, metal wire for free 
form fabrication, or combining cement components into cement)
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ISRU – In-Situ Resource Utilization.  ECO – Excavation, Construction, and Outfitting.

Regolith Extraction Alloying
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Items to Fabricate
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Habitats, landing pads, furniture, plumbing, forks, 
truss structures, printed electronics, spare parts, 
batteries, garages, blast shields, ingress/egress 
ports, knives, telescopes, energy harvesting devices, 
thermal wadis, roads, storage tanks, spoons, 
greenhouses, solar panels/arrays, cabinets, 
countertops, partitions, sinks, toilets, etc.

Images courtesy of ICON, the Bjarke Ingels Group, and Space Exploration Architecture



Lunar Resource Utilization Benefit to OSAM
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Maynard et al. (1966) Energy 
Requirements for Apollo Lunar Landing 
Mission (NASA-S-66-6074 fig. 2 in 
NASA TM X-58006)
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Slide Title
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Space is vast. For the most part, when a satellite is launched, it's on its own, regardless of 
whether it ever needs assistance or not. It launches, operates, and is decommissioned 
alone, its lifespan limited by consumables, imperfect human design, the exceedingly 

harsh space environment, and technical obsolescence. But what if we could fix, upgrade, 
and augment existing satellites to enable more science for longer? Technically and 

economically feasible refueling, repair, and upgrade of satellites has remained elusive—
until now. OSAM technology will enable more science by assisting existing telescopes, but 

also lay the groundwork for future endeavors once thought to be impossible.  
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