




OVERVIEW AND SCOPE
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NASA Applications benefitting from Electrochemistry
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Martian Outposts and Rovers

Lunar Outposts
Landers

Electrified Aircraft



DEFINITIONS
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http://www.toyota-global.com/innovation/environmental_technology/technology_file/fuel_cell_hybrid/fcstack.html


Component Aerospace 
TRL Level

Portability of Terrestrial Technology 
to Aerospace Applications

Remaining Technical 
Challenge

Electrochemistry 9 High

Materials 5+ High High Pressure, Mass

Seals 5+ High High Pressure, Mass

Gas Management 5+ Moderate High Pressure, Mass

Flow Fields 5+ High

Bipolar Plates 5+ Moderate O2 vs air

Materials 5+ Moderate O2 vs air

Electrochemistry 5+ Low O2 vs air, Performance

Water Management 5+ Low Flow Rate, µ g

Fluidic Components 8+ Moderate O2 vs air

Procedures 5 Moderate O2 vs air, Performance

Thermal 8+ Moderate µ g, Vacuum

Materials 8+ Low O2 vs air

Water Management 5+ Low O2 vs air, µ g

Hardware/PCB 8+ High

Power Management 8+ High

Structure 8+ High

Thermal 8+ High

Instrumentation 8+ Moderate

Portability of Terrestrial Technology 
to Aerospace Applications

Fuel Cell 
Technology

FC / EZ / RFC 
System 
Avionics

Reactant 
Storage 

and 
Management

NOTE: Not all relevant technologies exist within the same application. Elements of 
multiple terrestrial applications are required to meet various NASA mission requirements.

Electrolyzer 
Technology

CO2 +  3 H2 CH3OH   + H2O

Methanol

CO +  2 H2 CH3OH

H2O, CH3OH

CH3OH

CO2 +  H2 CO +   H2O
400 - 650 C

H2O
Reverse Water Gas Shift (RWGS)

2 H2O 2 H2 +   O2 O2, 2 H2

Water Electrolysis (WE)

Methane Reformer

CO +  3 H2 CH4 +  H2O
250 C H2O, CH4[Ni catalyst]

2 CO2 2 CO   +   O2
900 - 1000 C

Zirconia Solid Oxide CO2 Electrolysis (SOE)

O2[Pt catalyst]

CO2 +  4 H2 CH4 +  2 H2O
200 - 300 C

Sabatier Catalytic  Reactor (SR)

H2O, CH4[Ru catalyst]

[ZnO catalyst]

CO2 +  2 H2 C  +   2 H2O
450 - 600 C H2O

Bosch

[Ni, Ru, Fe, or Co catalyst]

Fischer-Tropsch (FT)

n CO + (2n+1) H2 CnH2n+2 + n H2O
>150 C H2O, CnH2n+2[catalyst]

WE to O2

WE to O2

WE to O2

WE to O2

WE to O2

WE to O2

[catalyst]

H2O +   CH4 3 H2 +   CO 3 H2

Steam Reforming

250 C

50 �±100 atm

Oxygen (O2) 
Production Only

Oxygen (O2) & 
Methane (CH4) 
Production

Other 
Hydrocarbon 
Fuel Production

Oxygen (O2)  &/or 
Hydrogen (H2)
Production

2nd Step

CO2 +   CH4 2 H2 +   2 CO 2 H2

Dry Reforming

Electrochemical Reduction

CO2 + 2 H2O CH4 +  2 O2 [Anode/Cathode] O2, CH4
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Regolith/Soil Excavation 
& Sorting

Regolith/Soil Transport

Regolith Crushing & 
Processing

Water/Volatile 
Extraction

Resource & Site 
Characterization

Modular Power 
Systems

Consumable 
Storage

Regolith for 
O2 & Metals

Lander/Ascent
Lander/Ascent

Surface Hopper

Solar & Nuclear

CO2 from Mars 
Atmosphere

O2
H2O

CH4

Propellant Depot

Life Support 
& EVA

Pressurized Rover

In-Space Manufacturing
Parts, Repair, & AssemblyCivil Engineering, Shielding, & Construction

H2O, CO2 from
Soil/Regolith

Habitats
Regenerative 

Fuel CellCO2 & 
Trash/ 
Waste

Used Descent Stage

In-Space Construction

ISRU Resources & Processing
Modular Power 
Functions/ Elements
�ƒ Power Generation
�ƒ Power Distribution
�ƒ Energy Storage (O2 & H2)

Support Functions 
/Elements
�ƒ ISRU 
�ƒ Life Support & EVA
�ƒ O2, H2, and CH4 Storage 

and Transfer

Shared Hardware to                   
Reduce Mass & Cost
�ƒ Solar arrays/nuclear reactor
�ƒ Water Electrolysis 
�ƒ Reactant Storage
�ƒ Cryogenic Storage 
�ƒ Mobility

Energy Storage Integrated with
Exploration Elements






































