6/22/19

esign and Modeling of an
ectrochemical Device Producing

nane, Oxygen and Polyethylene from

~

v

INn-Situ Resources on Mars

Jeff Greenblatt, Ph.D.
” Founder, CEO and Chief Scientist
§ Emerging Futures, LLC

| EmergingFutures.space
y jeff@emerging futures com

Space Resol \‘ R !" ndtable and Planetar and Terrestrial Mm" ymposium
e gy s
€ \ S .«x.--;': ;._».,~ \CO J ! i « 11.5 201 9 ; "‘; 6




Background and Motivation
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* Subcontract with Opus 12, Inc. on a NASA SBIR Phase Il grant

* Opus 12 developed an electrochemical device that produced methane,
ethylene, oxygen and other gases from CO, and water

* Eighteen month project ended in October 2018
* | have a background in electrochemical modeling and life cycle analysis

* | participated in a Keck Institute for Space Sciences study in 2016
examining the production of methane/ oxygen propellant on Mars

* Emerging Futures was asked to develop a preliminary engineering design
for device requirements on the Mars surface to produce:

* Pure [>*385%) methane and oxygen for use as propellant
* A useful plastic (e.g., polyethylene] from electrochemical co-products
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Product selectivity

* Can adjust catalyst to produce >30% methane (CH,) or ethylene (C-H,])
* \We assumed a representative snapshot of product selectivity:

Cell output by energy share B Cell output by molar or volume share
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Propellant production with Opus 12 system
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Folded package — top view
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Unfolded radiator panel - side view

0.26 m3 total volume

Fuel 0,
products  product

Hot fluid in =

< Cold fluid out
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Deployed view of CO--to-propellant device

Heat transfer fluid is H,O from EC cell

Extendable rods to deploy radiator panel -
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,r,ig%;(total for all panels). Total a_;;ga*‘is 27 m? (both sides).
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 Hy/co, [  Assumed 70%
[ L efficient EC cell
Electricity ' : i
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30~>40°C Gas d
Heater as dryer ! -
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Other separated
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\Water-gas shift sub-assembly

CO + H-.0O - COs + Hs (used to convert CO to COs for easier removal)

Gas mixture in
Cooling water in

Cooling water out
Gas mixture out

Cooling water in 5 Cooling water out
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5as dryer sub-assembly

Dessicants cycled once per hour to recover H-0O (can be reinjected or discarded):

Molecular sieve

Thickness (not to scale) Type 3A
(K,0/Na,0/Al,0,/Si0,)

Metal-ceramic heater

Desiccant layer

Metal-ceramic heater
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Membrane separation sub-assemblies

* Design by Tim Merkel (MTR, Inc.]

* Separates nearly 100% of Hs + CO5, 81% of ethanol and 96% of water
* CH, and C,H, separated via 2-stage membrane separation with 10% losses

* Membrane areas are 1 m= each (an additional 4 m= membrane area available)
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Mass budgets of CO--to-propellant device
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Design of the

° EEHZL [|+ 0.017%
olymerizes
re P era S0
°C and ~20 bars

e Small amounts
of metal-based
catalysts are lost

(B0 g/day) and [

must be suppliea
from Earth

* CH, and COs are

Inert and used
as carrier gases
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»-t0-plastics device

15.1 mmol/s
(27 mol% C,H,)

Compressor

1.5 mmol/s

20
umol/s
Catalyst .
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when cold)
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Cycling
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*152 s cycle
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Recompression

Cyclone
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(negligible 514 W
amts. of HDPE)

11.3 mmol/s

Degasser
cyclone

1.70 mol/s

200 pumol/s

9.2 kg/day
(90% recovery)

HDPE
product

Valve
X
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Mass budget of CO--to-plastics device
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Thank youl!
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Jeff Greenblatt, Ph.D.
Founder, CEQ and Chief Scientist

Emerging Futures, LLC

EmergingFutures.space
jeff@emerging-futures.com
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