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Revised M2M Objectives Roll-up

• 63 Top-Level Objectives across 10 Top-Level Goals
o 26 Science
o 13 Infrastructure 
o 12 Transportation & Habitation 
o 12 Operations

• 9 Recurring Tenets (RT)
o Common themes across objectives

• Updated Glossary

RT-1:  International Collaboration

RT-2:  Industry Collaboration

RT-3:  Crew Return

RT-4: Crew Time

RT-5:  Maintainability and Reuse

RT-6:  Responsible Use

RT-7:  Interoperability

RT-8:  Leverage Low Earth Orbit

RT-9: Commerce and Space Development
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Lunar Infrastructure Goal and Objectives
Lunar Infrastructure (LI) Goal: Create an interoperable global lunar utilization infrastructure where U.S. industry and 
international partners can maintain continuous robotic and human presence on the lunar surface for a robust lunar economy 
without NASA as the sole user, while accomplishing science objectives and testing for Mars.

LI-1L: Develop an incremental lunar power generation and distribution system that is evolvable to support continuous robotic/human operation 
and is capable of scaling to global power utilization and industrial power levels. 

LI-2L: Develop a lunar surface, orbital, and Moon-to-Earth communications architecture capable of scaling to support long term science, 
exploration, and industrial needs. 

LI-3L: Develop a lunar position, navigation and timing architecture capable of scaling to support long term science, exploration, and industrial 
needs. 

LI-4L: Demonstrate advanced manufacturing and autonomous construction capabilities in support of continuous human lunar presence and a 
robust lunar economy. 

LI-5L: Demonstrate precision landing capabilities in support of continuous human lunar presence and a robust lunar economy.

LI-6L: Demonstrate local, regional, and global surface transportation and mobility capabilities in support of continuous human lunar presence and 
a robust lunar economy. 

LI-7L: Demonstrate industrial scale ISRU capabilities in support of continuous human lunar presence and a robust lunar economy.

LI-8L: Demonstrate technologies supporting cislunar orbital/surface depots, construction and manufacturing maximizing the use of in-situ 
resources, and support systems needed for continuous human/robotic presence. 

LI-9L: Develop environmental monitoring, situational awareness, and early warning capabilities to support a resilient, continuous human/robotic 
lunar presence. 

Superscripts indicate applicability to Lunar (L), Martian (M), or both (LM)3NASA MOON TO MARS ARCHITECTURE WORKSHOP – JUNE 2023



Mars Infrastructure Objectives

• MI-1M: Develop Mars surface power sufficient for an initial human Mars exploration campaign. 

• MI-2M: Develop Mars surface, orbital, and Mars-to-Earth communications to support an initial human Mars exploration campaign. 

• MI-3M: Develop Mars position, navigation and timing capabilities to support an initial human Mars exploration campaign. 

• MI-4M: Demonstrate Mars ISRU capabilities to support an initial human Mars exploration campaign.

Mars Infrastructure (MI) Goal: Create essential infrastructure to support initial human Mars exploration campaign. 

Superscripts indicate applicability to Lunar (L), Martian (M), or both (LM)4NASA MOON TO MARS ARCHITECTURE WORKSHOP – JUNE 2023



Lunar Infrastructure Goal Rationale
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Mars Infrastructure Goal Rationale
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Objectives Decomposition Process
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Architecture Processes
Strategic Analysis Cycle

Evolutionary Architecture Process
Formulating architecture and exploration strategy based on objectives 

Moon-to-Mars Campaign
Campaign and Architecture Development
Element Formulation
Modeling and Simulation
Rapid Prototyping and Human in the Loop Testing
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ESDMD Treatment of Infrastructure Objectives
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DRAFT Lunar Infrastructure Objective Decomposition (1 of 2)
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DRAFT Lunar Infrastructure Objective Decomposition (2 of 2)
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DRAFT Mars Infrastructure Objective Decomposition
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Power Envisioned Future
Sustainable Living and Working Further from Earth
Developing sustainable power sources and other surface utilities to enable continuous Lunar and, ultimately, Mars surface 
operations.

POWER GENERATION
• Up to 50 kWe-class modular Earth-sourced 

Photovoltaic Arrays for Lunar Polar surface 
outposts and ISRU prospecting/production 
plants.  

• 40 kWe-class mobile Fission Power Systems to 
support Lunar Polar operations, bootstrap a 
global Lunar surface power grid to support 
Lunar industrialization at lower latitudes, and 
support Mars surface exploration

ENERGY STORAGE

• Up to 50 kWe-hr Secondary Batteries 
for mobility 

• Up to 1 MWe-hr Regenerative Fuel Cells 
for Polar Outpost/ISRU energy storage

• Large scale energy storage systems 
gathered from Lunar-sourced minerals

POWER DISTRIBUTION

• 1000 V, radiation-hard, high reliability 
power electronics

• Up to 10 kWe–class low mass Cables and 
spools for multi-km power distribution 
grids

• Up to 10 kWe-class Power Beaming for up 
to 5 km line-of-sight.

• High power, long distance transmission 
lines printed from Lunar-sourced 
aluminum.

Not all activities depicted are currently funded or approved. Depicts “notional future” to guide technology vision. 14NASA MOON TO MARS ARCHITECTURE WORKSHOP – JUNE 2023
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Autonomous Lunar Excavation, Construction, & Outfitting
targeting landing pads, structures, habitable buildings utilizing in-situ resources

• Site surveying, resource prospecting
• Ice mining & regolith extraction for 100s to 1000s metric 

tons of commodities per year

• Landing pad construction demo scaling to human 
lander capable landing pads 

• Unpressurized structure evolving to single and then 
multi-level pressurized habitats

• Outfitting for data, power & ECLSS systems
• 100-m-diameter landing pads, 10s km of roads, 

1000s m3 habitable pressurized volume

• Commercial autonomous excavation and 
construction of landing pads, roads and habitable 
structures

• Fully outfitted buildings to support a permanent 
lunar settlement and vibrant space economy

• Extensible to future SMD missions and Mars 
settlement

§ Site preparation for construction: obstacle clearing, leveling 
& trenching

§ Construction materials production utilizing in-situ resources
§ 100s to 1000s metric tons of regolith-based 

feedstock for construction projects
§ 10s to 100s metric tons of metals and binders 

Excavation for ISRU-based Resource Production

Excavation for Construction

Construction and Outfitting
Sustainable Off-Earth Living & Working  

Not all activities depicted are currently funded or approved. Depicts “notional future” to guide technology vision. 16NASA MOON TO MARS ARCHITECTURE WORKSHOP – JUNE 2023



LIVE: Develop exploration technologies and enable a vibrant space 
economy with supporting utilities and commodities
Scalable ISRU production/utilization capabilities including sustainable commodities* on the lunar & Mars surface

COMMERCIAL SCALE WATER, OXYGEN, METALS & COMMODITY PRODUCTION

• Lunar resources mapped at 
meter scale for commercial 
mining

• 10’s of metric tons of 
commodities per year for 
initial goal commercial usage

• Scalable to 100’s to 1000’s 
metric tons per year

COMMODITIES FOR HABITATS & FOOD PRODUCTION

• Water, fertilizers, carbon dioxide, 
and other crop growth support

• Crop production habitats and 
processing systems

• Consumables for life support , EVAs, 
and crew rovers/habitats for growing 
human space activities

IN SITU DERIVED FEEDSTOCK FOR CONSTRUCTION, MANUFACTURING,
& ENERGY

• Initial goal of simple landing pads and protective structures
• 100’s to 1000’s metric tons of regolith-based feedstock for construction projects
• 10’s to 100’s metric tons of metals, plastics, and binders 
• Elements and materials for multi-megawatts of energy generation and storage
• Recycle, repurpose, and reuse manufacturing and construction materials & waste

COMMODITIES FOR COMMERCIAL REUSABLE IN-SPACE AND SURFACE
TRANSPORTATION AND DEPOTS

• 30 to 60 metric tons per lander mission
• 100’s to 1000’s metric tons per year of for Cis-lunar Space
• 100’s metric tons per year for human Mars transportation

All activities depicted not currently funded or approved. Depicts “notional future” to guide technology vision. *Commodities are items and consumables that can be eventually sold 17NASA MOON TO MARS ARCHITECTURE WORKSHOP – JUNE 2023



LAND: Enable Lunar/Mars global access with ~20t payloads to support human missions.

Large Scale Demonstrations
Large structures, including deployables, that can slow down a 
20t payload in the thin Mars atmosphere 

Safely and precisely land near science sites or pre-
deployed assets (see details in separate package)

Precision Landing and Hazard Avoidance

Plume Surface Interaction
Reduce risks to landers and nearby 

assets by understanding how engine 
plumes and surfaces behave

Foundational Modeling, Testing, 
Instrumentation, and Computing

Measure EDL flight system 
performance and 

update/develop unique, critical 
simulations for EDL/DDL systems

LUNAR CAPABILITIES (FEEDING FORWARD TO MARS) 

Retropropulsion
Understand flow physics and 
vehicle control through wind 
tunnel testing of Mars-relevant 
configurations; advance CFD 
modeling

Earth Flight Tests, such as LOFTID

Assess
Alternatives

Human Mars EDL

MARS CAPABILITIES

Developing landing capabilities that support unique requirements for both the Moon and Mars, to allow for landing 
greater payload capacity with greater accuracy

Aggregate Assets

Not all activities depicted are currently funded or approved. Depicts “notional future” to guide technology vision. 18NASA MOON TO MARS ARCHITECTURE WORKSHOP – JUNE 2023
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Questions

1. Questions or comments on the Lunar or Mars Infrastructure 
Goal Rationales or objectives?

2. NASA is engaging with U.S. industry partners and asking for 
feedback on sustainable business cases. How are other 
Agencies engaging their industries?

3. Which objectives align with your Agency's interests?
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