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Introduction:   High-temperature, solid oxide elec-

trolysis cell (SOEC) stacks with a thermally integrated 

balance of plant provide a potential pathway for scal-

ing up production of hydrogen from water on the 

Moon. SOECs hold multiple advantages over lower-

temperature proton-exchange membrane (PEM) and 

alkaline stacks [1]. SOECs can achieve lower specific 

energy in terms of kWhelec/kgH2 (potentiall < 45 

kWhelec/kgH2) because of the lower thermoneutral volt-

age for electrolysis and the lower area-specific re-

sistance with high-temperature steam electrolysis [2].  

However, SOEC operate at temperatures as high as 

800C, and as such, achieving low specific energy for 

SOEC systems requires tightly designed balance-of-

plant with effective cxhaust heat recovery for efficient 

supply of high-temperature steam to the SOEC stack.  

This work presents a lab-scale demonstration of a 3-

kWelec SOEC system in a cyro-vacuum chamber to 

simulate lunar-relevant conditions.  Those test results 

have been used to calibrate SOEC system model to 

assess preferred system architectures and operating 

conditions of a scaled-up, lunar-deployed system. 

 
 

Figure 1. Plots of stack H2O,util, system specific energy 

kWhelec/kgH2, and stack current for final SOEC sys-

tem testing at vacuum.. 

 

Testing:  The system was demonstrated on the lab-

scale in a lunar-relevant cryo-vacuum environment at 

Colorado School of Mines in partnership with OxEon 

Energy LLC, with simulation modeling supporting the 

tests. [3] A solid-oxide 65-cell stack and supporting 

balance-of-plant (BOP) were fabricated, integrated,  

 

 

and tested in a cryo-vacuum chamber. Fig. 1 shows the 

final test of the system, demonstrating approximately 2 

hr of H2 production at a daily rate of >1.8 kgH2/yr, un-

der lunar-like conditions below 1 torr and -100℃, the 

latter generated by running liquid N2 through the cry-

oshroud. Additionally, adding up the energy consumed 

by the SOEC stack, the stack heaters, and the steam 

generation, compression, and heat tracing in the BOP, 

the system was shown to use 48.8 kWh/kgH2 produced, 

achieving and surpassing target system energy effi-

ciency. Finally, as part of an additional testing objec-

tive during an earlier test, O2 product from the test was 

pressurized to approximately 2 bar for 20 min. 

 

 
Figure 2.  Plot of full system specific energy in 

kWhelec/kgH2 (broken down by subsystem). 

 

Modeling supporting the tests was benchmarked 

using these test results, in particular to account for 

stack cell voltage exceeding thermoneutral levels and 

the heat produced as a result.  The results (Fig. 2) show 

stack hotbox heater work decreasing with increasing 

stack cell voltage, in addition to increasing rates of 

steam utilization H2O,util. 

Techno-economic Analysis:  Parallel techno-

economic analysis for a SOEC system, scaled up 258 

times to a production rate of 169.2 mTH2/yr, yielded an 

estimated development cost of $160M and a produc-

tion cost of $108M (see Fig. 3), with overall system 

cost dominated by the SOEC stack and H2-drying heat 

exchanger.  This was done under the assumption that 

the SOEC stack component would consist of 15,000 

individual cells assembled into units of 4 stacks of 100 
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cells each. This compared favorably to analysis done 

previously [4], and concluded that the cost of the sys-

tem was in line with that required to keep the commer-

cial business of an SOEC-based lunar-deployed hydro-

gen production system, using lunar water resources, 

viable. 

  

 
 

Figure 3.  Current mass, power and cost estimates 

compared to previously published. 
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