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Artemis: Landing Humans On the Moon



Artemis Base Camp Buildup





EXTREME TEMPERATURES

METEOROID IMPACT

RADIATION

SEISMIC ACTIVITY

• Galactic Cosmic Rays (GCRs)

• Solar Particle Events (SPEs)

• Secondary Particles

• Albedo

• Deep Moonquakes lasting 
hours, even days 

• Seismic Effects of Meteor 
Impacts

• Robust & durable shielding required. 
Composites and ballistic shielding 
preferred. 

• Consideration of new failure modes 
due to impact

• Dust ramifications

• Extreme Material Stresses

• Structural & Material Fatigue
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Image courtesy of SEArch+

WHY- The Case for Lunar Surface Construction: (1) PROTECTION: Lunar ISRU-based 
infrastructure is expected to provide protection from a wide variety of environmental hazards. 
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WHY- The Case for Lunar Surface Construction: (2) COST



Building a Sustainable Presence on the Moon

• What infrastructure are we going to need?

launch/landing pads

roads

habitats, refineries, 
green houses

power plants

blast shields



Initial MMPACT Formulation – Capabilities for Multi-Use Technology
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Exemplar Venn Diagram: Construction Means and Methods: Technology Drivers



Common Key Functional Requirements Development

• Developed individual requirements for Earth-based and Lunar construction with SEArch+

• Identified Common Technology Development Interests with SEArch for Earth-based and Lunar 
Construction Capabilities (Venn Diagram)

• Followed similar approach with ICON and DoD organizations for SBIR Proposal

• Results yielded shared set of key functional requirements that would benefit the goals of NASA, 
ICON, DoD, and SEArch+

• Long-distance communication, monitoring, and control

• Increased autonomy/automation of operations

• Increased transportability / mass reduction

• Expanded environmental range

• Design for field reparability

• Dust mitigation

• Shielding / Ballistic Protection

• Job-site Mobility

• Off-foundation construction / foundation delivery

• Multi-material printing & related control systems

• Improved user experience/ease of operation (i.e. reduced training load)

• Software Design Platform



Moon-to Mars Planetary Autonomous Construction Technologies (MMPACT) Overview

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, and blast shields using 
lunar regolith-based materials.

OBJECTIVES
• Develop and demonstrate additive construction capabilities for various structures as 

materials evolve from Earth-based to exclusively In Situ Resource Utilization (ISRU)-
based.

• Develop and demonstrate approaches for integrated sensors and process monitoring in 
support of in situ verification & validation of construction system and printed structures.

• Test and evaluate materials from candidate processes for use in the lunar environment.
• Validate that Earth-based regolith simulants and testing environments are sufficient 

analogs for lunar operations



MMPACT – Current Partners
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Autonomous Construction: Materials and Concepts for the Lunar Outpost
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Regolith-based Materials and Processes:

• Cementitious

• Geopolymers/Polymers

• Thermosetting materials

• Regolith Melting/Forming

• Laser sintered

• Microwave sintered

SEArch+ Concept courtesy of ICON’s Architecture Study 

Image courtesy of ICON

Bjarke Ingels Group Concept courtesy of ICON’s Architecture Study 



Test Matrix for Selection of Demonstration  Mission One (DM-1) Material/Process
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• Controlled molten extrusion under vacuum from ICON’s 
molten regolith extrusion system. 

• Vacuum-cast specimens, using ICON’s molten regolith extrusion system.

• Laser direct energy deposition process building a layer of a test specimen (brick).

• Laser direct energy deposition, additively constructed test specimen (brick).

• First high vacuum 
microwave sintering result 
showing solid sintered 
CSM-LHT-1G tile 
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Early Process Development Results
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Objectives:

Initial Construction Technology Demonstration Mission (DM-1) 

Concept 

• Demonstrate “proof of concept” for downselected construction technology 

utilizing ISRU materials at small scale from lander base

• Characterize ISRU and ISRU-based materials

• Demonstrate remote/autonomous operations

• Demonstrate instrumentation operations

• Validate that Earth-based development and testing are 

sufficient analogs for lunar operations

• Anchor analytical models

• Address technology gaps and inform construction processes for       

future construction of functional infrastructure elements

• Rationale: Must prove out initial construction 

concept in lunar environment

Outcomes

• TRL 6 achieved for ISRU consolidation into densified, 

subscale structural elements  

• TRL 9 for specific hardware and instrumentation to be used on later missions



Phase 1:
Develop & demonstrate 
excavation & construction 
capabilities for on-demand 
fabrication of critical lunar 
infrastructure such as landing 
pads, structures, habitats, 
roadways, blast walls, etc.

Phase 2: Establish lunar infrastructure construction 
capability with the initial base habitat design structures.

Phase 3: Build  
the lunar base 
according to master 
plan to support the 
planned population 
size of the first  
permanent 
settlement (lunar 
outpost).

Phase 4: Complete build-out of the lunar base 
per the master plan and add additional structures 
as strategic expansion needs change over time.

Phase 4: Complete build-out of the lunar base 
per the master plan and add additional structures 
as strategic expansion needs change over time.

Lunar Construction Capability Development Roadmap



To prepare for long-duration missions to Mars, ICON constructed a Martian analog habitat 
designed by BIG at Johnson Space Center. The 1,700 ft^2 structure will be home to four 
crew members in year-long missions as part of the Crew Health and performance 
Exploration Analog (CHAPEA) program beginning in 2022.

CHAPEA / Mars Dune Alpha



20

TO

MMPACT

MOON TO

MARS PLANETARY AUTONOMOUS CONSTRUCTION TECHNOLOGY



www.nasa.gov/spacetech


