
1

Testing of Solid Oxide Electrolysis System and Balance 
of Plant for H2/O2 Production from Lunar Water

D. Dickson1, G. Jackson1, J. Hartvigsen2, M. Hollist2, N. Emadi1, J. Schmit1, C. Dreyer1

1) Colorado School of Mines, Golden, CO 80401 USA
2) OxEon Energy, North Salt Lake, UT 84054 USA

2022 Space Resources Roundtable (SRR), June 9, 2022

Source: Kornuta et al. (2017) 



2

Introduction

• Discovery and mapping of water at lunar poles expands possibilities for a cislunar economy. 
• Electrolysis of lunar water to produce hydrogen in-situ is a key technology needed to 

further ISRU and expand the scope of space resources.
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Background
• Lunar water is generally 

found in permanently 
shadowed regions (PSRs), 
with lack of sunlight and 
temperatures <100 K.

• This poses unique challenges 
for equipment reliability, 
maintainability, and 
availability.

• Electrolysis has particularly 
large energy costs, and 
therefore demands energy 
efficiency.
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Solid Oxide Electrolysis
• Solid oxide electrolysis (SOXE) operates on 

steam at T > 600°C 
– Lowers required thermal neutral voltage (due to 

no internal phase change)
– Lowers open circuit voltage (due to high T,      

i.e., lower Gibbs free energy of H2O splitting)
– High current density and lower kWhelec/kgH2

than lower-T PEM and alkaline electrolysis.

• OxEon Energy and Mines, in a NASA Tipping 
Points project, are developing and 
demonstrating a SOXE stack with a thermally 
integrated balance of plant (BOP) to separate 
chilled water into H2 and O2 products.

• Key performance parameters:
– H2 production: ≥ 1.8 kgH2/day
– O2 product pressure: ≥ 2 bar
– System specific power: 46 kWhelec/kgH2
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Balance of Plant Architecture

• High-T electrolysis requires optimal BOP to minimize undesirable energy costs due to electrical heating.
• BOP includes multiple heat exchangers to recover heat and recover excess H2O from the SOXE stack.
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Optimization and Modeling
• System modeling effort to:

1) optimize stack mechanical 
components, cells, and thermal 
integration, using specific power 
and specific mass as performance 
measurements,

2) design the integrated lab-scale 
stack and BOP components for a 
preferred, optimal configuration.

• Parametric studies to compare 
different configurations and 
optimize control parameters:
– εH2O: SOXE stack steam utilization
– Prat: compressor pressure ratio, 
– Tvap: steam vaporization temperature
– ∆Pa: SOXE anode pressure differential
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Testing (Stack and Recuperators)

• High-T SOXE stack and exhaust recuperators are designed and tested under thermo-
neutral operating conditions (T = 800°C, P up to 2 bar, εH2O ≤ 0.95)

• Fabrication and seals designed to operate without leaks in vacuum.
• Hotbox with multi-layer insulation designed to keep heat losses under 250 W.
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Balance of Plant Testing (Steam Compressor and Generator)

• Steam generator designed and 
fabricated at Mines requires electric 
heater to keep Tvap > 90°C
– 2nd largest electric load (up to 8.2 kWhelec/kgH2) 

after SOXE stack

• Oil-free scroll compressor built by Air 
Squared for operation at compressor 
inlet > 100°C for Prat ≤ 4.0
– At low Prat loads < 2.0 kWhelec/kgH2

• Control loops control compressor 
speed, liquid flow rates, and Tvap to 
support steady steam flow to SOXE 
stack and recuperators.
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BOP design and testing -- H2 dryer
• Model-based design led to fabrication of 

a unique shell and tube heat exchanger 
with condensate separation for cooling 
and drying of H2 exhaust from SOXE 
cathode.

• A small fraction of H2 is recycled back to 
compressor inlet to keep the SOXE 
cathode in chemically reduced at high T.

• Excess liquid water through the internal 
tubes cools the H2 and avoids pinch 
point due to condensation for excess 
H2O recovery.
– Most liquid H2O is recycled back to the supply 

reservoir.
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Vacuum Chamber

• Large cryovac chamber is needed to test system in TRL-6 relevant lunar-like 
environment.
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Balance of Plant Integration

• BOP components were tested individually and integrated together over 2021.
• Fluid, power, thermocouple, and signal feedthroughs were integrated into vacuum chamber.
• Control software and data acquisition hardware were integrated into balance of plant and vacuum chamber.
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Vacuum Testing of Balance of Plant

• BOP was run in vacuum continuously (without electrolysis stack) for 12 hours.
• System functioned smoothly, with no major component malfunctions or faults.
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Integration of Stack and Balance-of-Plant

• The BOP and stack are currently fully integrated with control software between stack and BOP.
• Power, signal, and thermocouple feedthroughs for stack integrated into vacuum chamber.
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Safety and Test Readiness 
• Safety is a top priority during this 

integrated test.
• Catalytic combustor placed high above 

vacuum chamber along with high-
temperature duct to take exhaust out 
of the lab.

• TRR documents reviewed, finalized, 
and signed off on by team.

Combustor 
(for burning 
off H2)

TRR Documents
(HazOps, Test 
Procedure, TRR 
Checklist)
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Continuing Work
• We are currently underway with our full integrated test of the SOXE electrolysis 

stack and the BOP.
• Key performance parameters will be measured and monitored for the next several 

days.
• We aim to advance this technology to TRL 6 in the next few weeks and so doing, 

further the state of the art of ISRU and space resources writ large.
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