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Introduction: Solid-oxide electrolysis cell tech-

nology, as developed by OxEon LLC for lunar applica-

tion in partnership with the Colorado School of Mines, 

stands to stands to surpass incumbent space-based wa-

ter electrolysis technologies such as alkaline and pro-

ton-electrolyte membrane (PEM). [1] As shown in 

recent experimental work, the process stands to be 

potentially more efficient in energy expended per kilo-

gram of hydrogen produced, due to the higher levels of 

voltage allowed for driving current and heating water 

inputs. Additionally, due to the absence of phase 

change in the electrolysis process itself, in addition to 

the production of dry O2 and humid H2, energy re-

quirements for liquefaction are lower than in the previ-

ous two processes. Previous experimental and model-

ing work funded by NASA on SOEC lunar water-

based fuel production systems has demonstrated the 

potential for achieving this low specific energy con-

sumption, with the technology readiness level (TRL) 

of this technology advanced to 5. 

To this end, this poster shows the results of a high-

fidelity thermophysical model of a scaled-up, industrial 

SOEC fuel production system, based on benchmarking 

performed by previous experimental and modeling 

work. [2,3] Although rough preliminary modeling 

work has been completed to verify the economic con-

cept of lunar fuel production at the scale of over 250 

times the scale of production achieved in the lab4, it 

has not been performed on a high-fidelity thermophys-

ical level. Moreover, although high-fidelity thermo-

physical modeling has been performed to benchmark 

lab-scale production of H2, at a rate of ~2 kgH2/day, it 

has not been performed to support industrial-scale 

ISRU of this type. We expect this work to be a major 

support for the ISRU of lunar water in the coming 

years. 

The team has undergone redesign of the stack and 

balance-of-plant and used our updated/benchmarked 

simulation models to perform advance work for this 

upcoming technology development push, as well as 

detailed architecture studies for scaled-up demonstra-

tion of this technology on the Moon. 

Figures 1 thru 4 show system operation using the 

simulation models for SOEC stack operation for 

scaled-up, compressor-less operation based on experi-

mental-data benchmarking.  It is evident that in scaled-

up operation for a SOEC stack and balance of plant 

simply using the same size OxEon stack used in the 

previous experiments, assuming thermoneutral stack 

performance, specific energy consumption is less effi-

cient as system H2 production increases.  This indicates 

steam generators, recuperators, O2 coolers, and H2 dry-

ers in Fig. 1 above will have to be optimized, and their 

architecture in a 160-ton-per-year-plus H2 production 

system redesigned, in order to achieve both the H2 

production values desired, and the energy efficiency 

levels of 50 kWh/kgH2 required.   

 

 
 

Figure 1. Benchmarked model showing H2 production, 

assuming thermoneutral SOEC stack operation. 

 

 
 

Figure 2. Benchmarked model showing stack current, 

assuming thermoneutral SOEC stack operation. 

 



SHORT TITLE HERE:  A. B. Author and C. D. Author 

 

 
Figure 3. Benchmarked model showing stack power, 

assuming thermoneutral SOEC stack operation. 

 

 

 
Figure 4. Benchmarked model showing system specific 

energy per kg H2 produced, assuming thermoneutral 

SOEC stack operation. 

 

As such, ongoing work is underway to redesign and 

optimize that balance-of-plant architecture.  The team 

is accordingly cycling through a set of architectures for 

said balance of plant, sizing and numbering said bal-

ance-of-plant components to that end.   
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