
Photovoltaics and Power to Support 
NASAôs Moon to Mars Objectives

Jeremiah McNatt | NASA Space Technology Mission Directorate September 4, 2024

Presentation at the 28th Space Photovoltaic Research and Technology Conference 

Cleveland, Ohio



J. S. McNatt - NASA Space Technology Mission Directorate

Overview
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ÅThe Big Picture

ÅWhere are we going  and how  do photovoltaics fit in? 

ÅWhat kind of power is needed?

ÅHow is STMD driving technology development?

ÅPriorities for Development 

ÅWhat are our most pressing shortfalls that we need to overcome? 

ÅWhat are currently doing to address these?

ÅHow will these be used to guide future investment?
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Big Picture: Moon2Mars  
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Released 6 April 2023

Å Human Lunar Return

Å Foundational Exploration

Å Sustained Lunar Evolution

Å Humans to Mars

Lunar 

Infrastructure (LI)

LI-1:  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.
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In-Situ Resource Utilization (ISRU) Opportunities
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Possible G rowth of Lunar Power Infrastructure
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Artemis Campaign Elements

Å NASA-led

Å ~300 m transmission segments

Å < 3 kWe per element, ~40 kW total generation per site

Å Possible external power augmentation

Global Industrial Infrastructure

Å Industry-led

Å ISRU and facilities construction

Å NASA is one of multiple customers procuring power and utilities

Å Possible ISRU-sourced cables and photovoltaics

Å ~1000 km transmission segments

Å ~1+ GWe total

Polar Industrial-scale Infrastructure

Å Industry-led with NASA supported technology

Å Longer duration missions with higher power needs

Å Resource prospecting, excavating, ISRU

Å Possible ISRU Propellant Production

Å ~15 km transmission segments

Å ~2 MWe total
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How does STMD support these goals
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ÅSTMD is advancing technologies and testing new capabilities that support Artemis and 

the Moon to Mars Architecture

ÅSTMD is the civilian tech base for space

ÅSTMD supports technology development needs of NASA Mission Directorates

ÅSTMDôs portfolio spans a range of discipline areas and technology readiness levels



NATIONAL TECH BASE FOR CIVIL SPACE

ADVANCE US space 
technology innovation 

and competitiveness in a 
global context

ENCOURAGE technology 
driven economic growth 
with an emphasis on the 

expanding space economy

INSPIRE and develop a 
diverse and powerful US 
aerospace technology 

community

Space Tech leadsthe development, demonstration, and infusion of transformational 
space technologies that solve critical stakeholder needs
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LEGACY SPACE TECHNOLOGY PORTFOLIO STRUCTURELEGACY SPACE TECHNOLOGY PORTFOLIO STRUCTURE
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EARLY STAGE INNOVATION
AND PARTNERSHIPS
ÅEarly Stage Innovation

ÅSpace Tech Research Grants 

ÅCenter Innovation Fund

ÅEarly Career Initiative

ÅPrizes, Challenges & Crowdsourcing

ÅNASA Innovation Advanced Concepts

Å Technology Transfer

EARLY STAGE INNOVATION
AND PARTNERSHIPS
ÅEarly Stage Innovation

ÅSpace Tech Research Grants 

ÅCenter Innovation Fund

ÅEarly Career Initiative

ÅPrizes, Challenges & Crowdsourcing

ÅNASA Innovation Advanced Concepts

Å Technology Transfer

SBIR/STTR 
PROGRAMS
ÅSmall Business 

Innovation Research

ÅSmall Business 
Technology Transfer

SBIR/STTR 
PROGRAMS
ÅSmall Business 

Innovation Research

ÅSmall Business 
Technology Transfer

TECHNOLOGY 
MATURATION
ÅGame Changing 

Development

ÅLunar Surface 
Innovation Initiative

TECHNOLOGY 
MATURATION
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ÅLunar Surface 
Innovation Initiative

TECHNOLOGY 
DEMONSTRATION
ÅTechnology Demonstration Missions

ÅSmall Spacecraft Technology

ÅFlight Opportunities

TECHNOLOGY 
DEMONSTRATION
ÅTechnology Demonstration Missions

ÅSmall Spacecraft Technology
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NATIONAL TECH BASE FOR CIVIL SPACE
Ensuring American Global Leadership in Space Technology

Functional Domain Areas
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Space 
Transportation

Space to Surface 
Operations

Surface Infrastructure and 
Exploration

In-Space Infrastructure and 
Discovery

Foundational 
Capabilities



GO
Space Transportation

GO
Space Transportation

LAND
Space to Surface Operations

LAND
Space to Surface Operations

LIVE
Surface Infrastructure/ 

Exploration

EXPAND
In-Space Infrastructure/ 

Discovery

EXPAND
In-Space Infrastructure/ 

Discovery

ENABLE
Foundational Capabilities

ENABLE
Foundational Capabilities

× Deceleration Systems
× Guidance & Nav Systems

× Surface Power 
× In Situ Resource Utilization
× Surface Structures & Construction 

× Observation Systems
× In-Space Sustainability

× Avionics & Sensors
× Robotics & Autonomy

× Dust Mitigation & Environments
× Surface Mobility & Transportation
× Surface Habitation Systems

× Surface 
Sustainability 
& Logistics

× Communications, Positioning, Navigation, & Timing 
× In-Space Servicing Assembly & Manufacturing
× Small Spacecraft & Distributed Systems

× Advanced Materials, Structures & Manufacturing
× Advanced Power & Thermal

× Advanced Propulsion
× Nuclear Propulsion 

Tech Base Functional Domains

ÅNIAC/CIF/ECI
ÅSTRG

ÅPCC
ÅTech Transfer

ÅTP/ACO
Å Inclusive Innovation

ÅSBIR/STTR
ÅFlight Opportunities

CATALYSTS
Innovative Mechanisms

CATALYSTS
Innovative Mechanisms

× Flight Vehicle Systems (including Ascent Systems)
× Cryogenic Fluid Management

× Landing Systems & Environments
× Entry Modeling & Instrumentation

× Capability Portfolio

2024-06-28
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STMD uses a variety of tools and mechanisms to address capability shortfalls and nurture the knowledge and 
talent base for civil space while also supporting agency level functions

Contracts Grants and 

Cooperative 

Agreements

Internal Awards Challenges Flight Tests Funded / 

Unfunded Space 

Act Agreements

Catalysts: Mechanisms to Advance Technologies and Address Shortfalls

Cross -cutting activities (Inclusive Innovation, NASA I -Corps) and other tools

Explore opportunities to work with us: techport.nasa.gov/opportunities
11
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Challenges for Power Related Space Technologies 

Power Drives Exploration

Å Power is the key commodity needed to utilize the Lunar surface

Å Power is needed for every mission, photovoltaics provide power in many cases 

Challenges for all power systems

Å Mass/Volume

Å Lifetime

Å Technology Readiness

Å Environmental Challenges

Å Thermal

Å Illumination

Å Radiation

Å Varied Power Levels and Transmission Requirements
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Prioritizing Technology Investments

ÁNASAôs Space Technology Mission Directorate (STMD) is refining its strategy for 
prioritizing technology investments to evolve into a stronger and more resilient tech 
base for civil space.

ÁA set of 187 shortfalls (identified technology areas that require further development) 
were established that encompass and expand the needs of each major technical 
area.  

ÁNASA asked for feedback on these shortfalls at https://spacetechpriorities.org/ 

ÁThe shortfall rankings were released in July 2024

ÁThese shortfalls will be revised/updated based on ranking and feedback, expected 
on an annual basis

Á8 shortfalls were established for Power

13

https://spacetechpriorities.org/
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Power Shortfalls 
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ÁHigh Power Energy Generation on Moon and Mars Surfaces

ÁPower for Non-Solar-Illuminated Small Systems

ÁLunar Surface Power Generation from ISRU Derived Resources

ÁMartian Surface Power Generation from ISRU Derived Resources

ÁEnergy Storage to Enable Robust and Long Duration Operations on Moon and Mars

ÁPower Management Systems for Long Duration Lunar and Martian Missions

ÁHigh-Power, Long-Distance Energy Transmission Across Distributed Surface Assets

ÁPower and Data Transfer in Dusty Environments

M
a

n
a

g
e

S
to

re
D

is
tr

ib
u
te

G
e

n
e

ra
te



J. S. McNatt - NASA Space Technology Mission Directorate

High Power Energy Generation on Moon and Mars Surfaces
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Description
Fission surface power systems can enable robust operations on the Moon and Mars providing a high reliability sun-independent (i.e. provides 

power with sunshine or while in shadow) multi-kWe-scale power source. To support future high temperature reactors, sensors are needed for (1) 

rugged, accurate thermocouples for high temperature measurement in high radiation, (2) direct, accurate pressure measurements, (3) mass flow 

rate, (4) neutron flux measurement at high temperatures, and (5) in-situ corrosion monitoring.

Existing solar array systems do not provide sufficient durability or scale to support full scale ISRU production in the Lunar Pole thermal, dust , 

and radiation environment. Current technology for deployment of towers and reflectors is not optimized to gather sunlight low on the horizon as 

at the Lunar poles. Mission architects must know what capability will be available to them to start full-scale ISRU production operations.

Related Shortfalls
Á Fission Surface Power

Á High temperature sensors for fission power systems

Á Photovoltaic Arrays up to 50 kWe Increments

Á On-surface robotic assembly of vertical structures

Á On-surface Outfitting of Lunar Structures
Noted Investments
Å Fission Surface Power (FSP)

Å Vertical Solar Array Technology (VSAT)

Å Dust Mitigation for Flexible Solar Arrays

Ranked #2 of 187
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Lunar Surface Power Generation from ISRU Derived 
Resources
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Description
Extended exploration and operations on the lunar surface will benefit from in-situ resource utilization (ISRU) derived power components. These 

range from energy generation and storage to power transmission systems. These may be developed fully from ISRU produced materials and/or 

may include minor component supplemented materials. Technologies and components include:

Á Power transmission conductors and cabling

Á Photovoltaic cells, blankets, and array structures

Á Flow batteries with anolyte and catholyte ISRU derived components

Related Shortfalls
Á Long distance power cables from Lunar regolith minerals

Á Large scale solar power generation via photovoltaic blankets produced from Lunar regolith minerals

Á Large scale secondary chemical energy storage produced from Lunar regolith minerals

Á In-Space and On-Surface Manufacturing of Parts/Products from On-Surface and Terrestrial Feedstocks (Spares, Repairs, New Parts)

Á Produce Manufacturing and Construction Feedstock from Extracted In-Situ Resources

Noted Investments
Å Blue Alchemist Tipping Point

Å Big Metal Additive Tipping Point

Ranked #178 of 187
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Power Management Systems for Long Duration Lunar and 
Martian Missions
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Description
Power management systems provide monitoring, control, and regulation to ensure sufficient power is available at all stages reliably throughout a 

mission. State of the art electronics do not provide sufficient durability to support long duration operations in the Lunar and Martian thermal, dust, 

and radiation environments and are not maintainable in those environment.

Power management subsystems built from common, interchangeable building blocks that can be used across multiple vehicles and surface 

elements would optimize spares and reduce maintenance impacts for long duration in-space operations. Components must be replaceable at the 

card or board level; dust compatibility is necessary for applications where replacement would occur in the lunar or Martian dust environment. 

Noncontact voltage and current sensors are needed to allow power system monitoring without the failure modes introduced with in-line sensors.

Related Shortfalls
Á Reliable, Rad-Hard Power Electronic Power Converters

Á Maintainable power management subsystems built from common, 

interchangeable circuit boards and back planes

Á High reliability, radiation-tolerant space power management systems

Á Noncontact sensors for power monitoring

Noted Current Investments
Å Advanced Modular Power Systems/Autonomous 

Power Controller

Å Micro-grid Definition & Interface Converter for 

Planetary Surfaces 

Ranked #12 of 187
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High Power, Long Distance Energy Transmission Across 
Distributed Surface Assets
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Description
High energy power generation is expected to be stationary (or with limited mobility/relocatability), requiring an ability to transmit power over large 

distances to a variety of users. This shortfall seeks to address those needs both for general use and specific use cases. These needs include:

Á Operation of full-scale static assets (ISRU/outpost) require that power be transmitted up to 10s of km-distances across the surface from 

generation assets

Á Superconducting cables of 10 kW capacity and 5 km length for use in permanently shadowed regions (PSR)

Á Non-contact voltage and current sensors are needed to allow power system monitoring without the failure modes introduced with in-line 

sensors

Á Scientific exploration and ISRU ice mining operations in PSR benefit from power transmitted from insolated regions to mobile assets in the 

PSR interior

Á Electrically insulated transmission cable, spooling, and load connection systems that can be unrolled and deliver power point-to-point with 

0.99 reliability at 1000 V (source and load) and at 10 kWe scale in the Lunar dust, MMOD, and thermal environments (both insolated and 

PSR), losing no more than 3% per km and at maximized delivered power per unit of cable system mass

ÁWireless power transfer includes surface to surface and orbit to surface applications

Related Shortfalls
Á Transmission Cable Systems up to 10 kWe Increment, AC and DC at > 1 kV

ÁWireless Power Transmission up to 10 kWe Increment

Á Noncontact sensors for power monitoring

Á Surface Power Transfer Cables /Connectors/Dust Compliant

Á Cabled Power Transmission in Permanently Shadowed Regions

Noted Current Investments
Å TYMPO Tethered Power Systems 

Å Luna-grid Lite 

Å Moonbeam-Beamed Lunar Power 

Ranked #32 of 187
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Power and Data Transfer in Dusty Environments
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Description
Lunar and Mars surfaces present challenges of dust migrating into and interacting with electrical connections. These connectors range in size 

and voltage (up to 10kWe at < 200 VDC) and may include additional data transfer systems such as fiber optics. Connections may be made 

robotically or through crew assisted means. This shortfall includes physical connections as well as closely coupled wireless connectors. 6kW, 

120V DC

Related Shortfalls
Á Maintainable Power Management Subsystems Built From Common, Interchangeable Circuit Boards and Back Planes

Á Surface Power Transfer Cables/Connectors/Dust Compliant

Á Cabled Power Transmission in Permanently Shadowed Regions

Á Dust Tolerant Components

Á Dust Tolerant Avionics Connectors 

Á Cold and dust tolerant interface seals

Noted Investments
Å Multiple power transfer investments are being 

pursued which are keeping dust concerns in 

mind

Ranked #34 of 187
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In Conclusion
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ÅThe Moon to Mars goals require Power Technology Research and Development

ÅThe needs will evolve as the utilization of the lunar surface and its resources grow 

from early small landers and short human missions to potentially a global infrastructure 

of science, industry, and commerce

ÅThere are many efforts underway addressing current and future needs but there are 

many more areas that will require attention and support

ÅPhotovoltaic technologies will be key to achieving Artemis and Moon to Mars goals

ÅNASA STMD is working to prioritize our investments to meet these needs and will 

continue to ask the community for feedback and prioritization

ÅRoadmaps are in work that align to the new Domain structure with Power 

Technologies being specifically included in LIVE: Surface Power and 

ENABLE: Advanced Power & Thermal
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Backup

21
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Artemis Base Power Sub -Architecture End State:
Polar, Stationary, Mobility (with External Augmentation)

August 19, 2024 22

Pressurized Rover(s)

Human Landing System

Artemis Base 

Crewed Modules 

Distribution

Cables & Spools & Connectors

A

A

A

Generation

Fission Power Plant

A

Lunar Terrain Vehicle(s)

Generation

Vertical Photovoltaic Arrays
(Commercial?)

Distribution & Management

Rad-hard Power Electronic Circuits

Surface Power System Component

a Load Element

A Artemis Load Element

ISRU Pilot Plant

Distribution/Storage

Element EPS Components

Å <300 m transmission segments @ 120 VDC (ISPSIS)*

Å < 3 kWe per element, ~40 kWe total per cluster

Å Crewed Spacecraft Fault Tolerance

*possibly ~1 km transmission from external augmentation sources
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Phase a South Pole Industrial Facilities: 

August 19, 2024 23

Pressurized Rover

Human Landing System

A

A

Generation

Fission Power Plant

A

Lunar Terrain Vehicle 

Generation

Vertical PV Array Farm & 

Storage

Distribution & Management

Rad-hard Power Electronic Circuits

Cables & Spools

H2/O2-Ice Mining in Permanently 

Shadowed Region

Distribution

Power Beaming

A Artemis Camp

Surface Power System Component

a Load Element

A Artemis Load Element

Generation

Radioisotope Power 

Storage

Low Temp 

Battery

Distribution

Superconductor Cable

Distribution

Heliostats
A

ISRU O2 Production

Å ISRU Propellant Production @ > 2000 mT/year

Å ~15 km transmission segments @ kV AC/DC

Å ~2 MWe total

Å Industrial Reliability Standards

Artemis 

Camp
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Phase W: Equatorial Facilities
Expansion from Phase a

Generation

ISRU Silicon Photovoltaics

Distribution

ISRU Conductors

Generation

Fission Power Plan

ISRU Manufacturing
ISRU-built Habitat

Storage

ISRU Flow Battery

Surface Power System Component

W

a Load Element

A Artemis Load Element

W W Load Element

W

Pressurized RoverA

A

Lunar Terrain Vehicle

A

Artemis Camp

Å ISRU Propellant and Construction 

Å ~1000 km transmission segments @ kV AC/DC

Å ~1 GWe total

Å Industrial Reliability Standards
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