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Introduction:  The Mars Atmosphere Experiment 

for Ceramic Oxygen Generation (MAXCOG) is an In-
Situ Resource Utilization (ISRU) precursor concept 
that matures enabling technologies for future explora-
tion missions to Mars. The advancement of ISRU 
technologies capable of producing oxygen from the 
CO2-rich Martian atmosphere is a major architecture 
driver for both robotic Mars Sample Return (MSR) 
missions[1,2] and crewed exploration missions [3]. 
Thus, the goal of the MAXCOG investigation is to 
minimize the risk to future Mars exploration missions, 
both human and robotic, that require in-situ production 
of oxygen for either propellant or crew consumables. 
This goal is supported by three objectives: 

1. Demonstrate and characterize a pilot-scale ISRU 
flight system that produces propellant-grade oxy-
gen from the Martian atmosphere 

2. Demonstrate and characterize ground-based op-
eration of pilot-scale ISRU system under opera-
tional conditions that are similar to full-scale 
missions 

3. Reduce uncertainty in the performance and relia-
bility of full-scale ISRU systems that must oper-
ate on the order of 30,000 hours through the use 
of high-fidelity scale-up simulations 

All three of these objectives are critical to achieving 
the goal of reducing the risk to future missions that 
will rely on ISRU technology. 
 

Atmospheric ISRU Through Solid-Oxide Elec-
trolysis: Solid-Oxide Electrolysis is the most direct 
method to extract propellant-grade oxygen from the 
Martian atmosphere and is the approach chosen by the 
MAXCOG concept. Other than the valves required in 
any system intended to move and store gasses and pro-
pellants, Solid-Oxide Electrolysis Cells (SOECs) have 
no moving parts and produce pure oxygen at the anode 
(99.999% or better). Unlike other techniques, such as 
the Reverse Water Gas Shift (RWGS) or the Sabatier 
process [4,5], SOECs do not require a system to car-
ry/collect H2 or H2O. SOECs are simpler than these 
other techniques, as oxygen is generated through a 
single reaction by directly electrolyzing atmospheric 
CO2 to produce O2 at the anode with no additional pro-
cessing. Oxygen obtained from either the RWGS or 
Sabatier methods, however, requires sequential pro-
cessing steps – one chemical reaction must take place 

to generate water and then a separate electrolysis step 
is required to crack the water into hydrogen and oxy-
gen. Further, both RWGS and Sabatier systems must 
include condensers and dryers to separate water from 
the mixture of gasses produced. 

Further, by choosing an SOEC-based solution, the 
MAXCOG concept advances the ISRU technology 
selected by the Mars DRA 5.0 Study. Results from a 
trade study performed in this report led to a recom-
mendation of using oxygen-only atmospheric ISRU as 
the baseline for production of ascent propellant and 
crew consumables [3]. As a result, the Mars DRA 5.0 
study selected solid-oxide electrolysis of the CO2-rich 
Martian atmosphere as their solution to this problem. 

 
Review of SOEC Technology: SOECs are simple 

electrochemical devices that produce pure oxygen 
(Figure 1). The fabrication and testing of high purity 
oxygen generators via selective mixed-conductive and 
ion-conductive ceramic membranes is well document-
ed [6-10]. Ceramic oxygen generators (COGs) function 
on the basis of the movement of only oxide ions 
through a solid electrolyte membrane due to an applied 
field or pressure driving force [8]. By having a ceramic 
electrolyte membrane that transports oxide ions in this 
manner, the product O2 purity at the anode will be 
greater than 99.999% in the absence of any leaks. The 
MAXCOG design uses a new precious metal cermet to 
address issues (1) with coking in a dry CO2 electrloysis 
environment and (2) potential electrode poisoning by 
trace constituents in the Martian atmosphere. 

 

 
Figure 1. SOECs are simple electrochemical devices 

that produce pure O2 with no moving parts. 
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MAXCOG Implementation: The MAXCOG in-
strument is sized for O2 production rates up to 30 g/hr. 
This results in the CO2 accumulator being sized to col-
lect 100g of CO2 for a 15min O2 production run at 30 
g/hr, including margin for pipe volume, uncertainty in 
collected mass, and pressure margin. The following 
paragraphs describe each component in order, follow-
ing the flow path, with system-level components at the 
end. The MAXCOG ISRU system is implemented as 
the series of components shown in Figure 2.  
 

 
Figure 2. The MAXCOG system is implemented using 

simple components 
 

The inlet assembly filters incoming gas to avoid 
valve contamination and measures the temperature and 
pressure of the incoming gas, enabling performance 
tracking of the CO2 accumulator. The CO2 accumulator 
collects and concentrates CO2 gas for processing in the 
SOEC stack. The accumulator uses a RICOR K508 
Stirling cooler to freeze the CO2 out of the atmosphere 
in a 600cc tank. The RICOR K508 was chosen for its 
heritage on Mars rover missions [11], and because it 
meets power and thermal requirements. An atmosphere 
circulation system is implemented to avoid accumula-
tion of Argon and Nitrogen, and to maintain CO2 ac-
cumulation efficiency [12, 13].  

The SOEC technology described has been imple-
mented for several Earth-based applications. The 
SOEC stack used in the MAXCOG design is based on 
these existing Earth-based systems with minor modifi-
cations to allow the stack to handle the larger tempera-
ture swings encountered on Mars. The SOEC stack is 
heated to ~800⁰C and is contained within a ceramic 
insulation jacket to protect the rover from the high-
temperatures necessary for efficient CO2 production. A 
heat exchanger is used to improve the efficiency of the 
system and to keep the valves in a cooler environment 
and avoid venting of high-temperature gasses to pro-
tect the rover and other instruments. The resulting cool 

CO is vented to the atmosphere and the O2 is collected 
in a small pressure vessel to enable purity and flow 
rate measurements. The packaged O2 generation plant 
is shown in Figure 3.  

 

 
Figure 3. The MAXCOG O2 generation plant 

packages into a small, thermally-efficient, volume. 
 
The entire system is driven by an electronics box 

that fits in less than 3 liters. The MAXCOG O2 produc-
tion plant fits in a volume less than 17 liters. This 
compact and efficient ISRU system enables low-cost 
demonstration of pure O2 production on Mars that lev-
erages and enhances SOEC technology developed for 
Earth-based O2 and power generation.  
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