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Introduction: In-situ resource utilization on plane-

tary surfaces may be considered to be beneficial under 
future manned or robotic space exploration missions. 
Some processes that may be considered for regolith 
resource or elemental extraction are likely to be energy 
intensive. Processes that may be applied for long dura-
tion cabin atmosphere revitalization under manned 
missions such as co-electrolysis of CO2 [1, 2] will also 
place demand on electrical power generation. The cou-
pling of electrical power generated by a fission reactor 
in addition to nuclear process heat with these resource 
extraction and refining processes is likely to yield mass 
and cost efficient mission architectures based on the 
overall “plant” efficiency. 

In this presentation, example in-situ processes that 
may be coupled to “nuclear enabled” mission architec-
tures are presented. The Co-Electrolysis process exam-
ple is discussed below. Additionally, a concept nuclear 
High Temperature Co-Electrolysis architectue is pre-
sented. 

 
High Temperature Co-Electrolysis for cabin air 

revitilzation:  For manned spaceflight and surface 
habitation under planetary exploration missions, effi-
cient long duration life support is essential. Most fun-
damentally, metabolic CO2 must be removed from the 
cabin air. Additionally, metabolic water vapor must 
also be removed for humidity control. The integrated 
use of low mass Solid Oxide Electrolysis Cell (SOEC) 
and stack technology [3] in conjunction with space or 
surface fission power reactors is presented for cabin 
atmospheric revitalization applications via the Co-
Electrolysis of CO2 and H2O. The efficiency of Co-
Electrolysis is enhanced by operation of SOECs at 
high temperature (~850 °C). Abundant nuclear process 
heat and electrical power generated by a small fission 
power plant may be used to significantly enhances the 
overall pthermal to product efficiency. The overall Co-
Electrolysis reaction considered is presented in Equa-
tion 1 below. 
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SOEC technology provides separation of the oxy-
gen product from the Syngas products via diffusion of 
oxygen product ions through the electrolyte to the 
cell’s porous anode for direct use in cabin atmosphere 

revililization. For manned exploration missions to 
planets that bare an atmosphere with CO2 in its compo-
sition (such as Mars), the use of the in-situ CO2 for 
cabin air revitilization through Co-Electrolysis with 
metalbolic water and/or supplemental water derived 
from the external atmosphere may also be considered. 
The synthesis gas products (CO + H2) that are pro-
duced on the cathode side of the SOEC are of high 
value for further mission enabling processes; e.g. use 
as direct propellants in nuclear thermal and chemical 
propulsion systems, or for use in the production of 
liquid hydrocarbon fuels such as methanol. 

 
Methanol Production via Nuclear High        

Temperature Co-Electrolysis Syngas reaction     
synthesis and its use:  As discussed above, Sythesis 
gas or Syngas (CO + H2) is a valuable product of Co-
Electrolysis. For high energy density (compact        
volume) storage, Syngas may be converted to metha-
nol. Methanol can be used in chemical cobustion proc-
esses or in Direct Methanol Fuel Cells for the produc-
tion of electrical power [4] at remote locations for the 
powering of auxiliary equipment, robotic systems and 
ground transportation equipment such as exploration 
rovers. The Idaho National Laboratory is currently 
developing and analyzing Syngas  to methanol produc-
tion techniques. Methanol may be produced via the 
catalysis or reaction of Synthesis gas in the presence of 
a catalyst. The coupled production of liquid hydrocar-
bons from CO2 and steam Co-Electrolysis products has 
previously been demonstrated [5]. The overall conver-
sion of Syngas to methanol is outlined in Equation 2 
below. Similarly, the process performance can be en-
hanced by conduction at elevated temperatures. Once 
again, the abundance of process heat from a coupled 
nuclear fission reactor  may improve the overall ther-
mal efficiency of the process. 
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Figure 1: Schematic of a concept coupled system for cabin air revitilization and fuel production via High Temperature Nuclear 
Co-Electrolysis operated under a manned Mars surface exploration mission. 
 

Concept Co-Electrolysis and Cabin Air           
Revitilization Deployment Architecture:  In support 
of the Co-Electrolysis in-situ processes examples pro-
vided above, a concept deployment schematic architec-
ture is provided in Figure 1 in the context of a manned 
Mars surface exploration mission. In this concept, it 
was assumed that a bimodal nuclear thermal propul-
sion system [6, 7] would be used for surface descent 
and ascent operations in additon to electrical power 
production and the provision of supplemental process 
heat during the course of the surface mission. Further 
details of the concept architecture and its processes 
will be presented. 
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