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Part I
MOXIE
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 MOXIE is a 1:200 scale 
model of an In Situ 
Resource Utilization 
(ISRU) plant for a human 
mission.
 The size is limited by 

available  power

 MOXIE makes 6-10 g of 
propellant-grade O2 per 
hour from CO2 , which 
makes up most of the thin 
air on Mars
 Like a smallish tree, or 

~50% of what a person 
breathes

M. Hecht, Principal Investigator
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The Solid OXide Electrolysis (SOXE) cell



Putting it together
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From components to Mars



Cumulative O2 produced
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Warmup Current sweeps

Total 5.37g

Energy (MOXIE only): 623 W-hr + RMCA (94% to 52% SoC)



Robustness (iASR)



O2 purity for FM-OC13 (molar)

Purity = 1 – CS2 / P5



Atmospheric density variations on Mars
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(Blue ovals represent original notional plan)
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The path to BAM

 The path to a full-scale MOXIE is clear, if not without challenges. 
 “Big Atmospheric MOXIE” needs to produce 300x more oxygen
 It needs to operate continuously for over a year! 
 It needs to be far more power efficient
 It needs to be smarter!
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Part II
A discussion about 

ISRU, Humans, & Robots



Why we need MOXIE on Mars

Everything that “burns” fuel needs to breathe!
 Oxygen weighs several times the weight of fuel

 The biggest fuel burner on Mars? The Ascent Vehicle!

 The single heaviest thing we need to bring with us to Mars? 
A full oxygen tank for the ascent vehicle.
 To launch a crew of 4 takes ~25 tons of O2 & 7 tons of fuel
 By comparison, the crew breathes ~1.5 ton O2 / year

 We also need nitrogen from the air (to breathe, for 
agriculture), and we can use the CO from MOXIE as a fuel 
for some purposes.



But air only the beginning!

 We need water for “fuel” (for us, 
for agriculture, for vehicles, for 
rockets,…) and maybe to brush 
our teeth.

 We need minerals to build 
landing strips, habitats, etc.

 We could use perchlorate in the 
soil for energy and oxygen

 And for these things, we need 
robots!

 And how will we power those 
robots? 



Sponsors and Partners

 Supported by HEOMD and STMD

 Mars 2020 Project managed by SMD
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Backup
Even more moxie
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How MOXIE works
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Meyen (2015)
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Runs to date
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The path to full scale…
 We assume we have ~12 months to make enough 

O2 to launch a crew of 4 to orbit 
 We need to produce 2-3 kg/hr O2

 We will need 25-30 kW power (about what the 
base needs)

 OxEon Energy is developing a scaled-up stack 
that can produce ~1 kg/hr. 

 Air Squared is developing a scaled up version of 
the compressor

 MIT is studying how to make filters smaller and 
lighter, while Blazetech is developing an 
electrostatic dust separator

 We project that a 2 kg/hr version of MOXIE will 
use ~25 kW power and weigh ~1 tonne 19
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