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The promise of ISRU-based mission architectures
for Mars surface exploration will begin to be realized
during the next decade as robotic spacecraft sent to
Mars carry components and whole chemical plants for
producing propellants from the planet’s atmosphere.
These chemical plants will need to perform three pri-
mary operations: acquisition of atmospheric carbon
dioxide, reactions to transform the gas into oxygen and
possibly fuel, and storage of the products. This pres-
entation focuses on development of technologies at
NASA Ames Research Center for the first of these
operations, carbon dioxide acquisition.

The carbon dioxide acquisition component for a
propellant production plant has several general, top-
level requirements. It has a stringent requirement for
minimal power consumption; a critical need for long-
term reliability over the period of time the chemical
plant must operate (say, 500 days); a production rate
requirement for carbon dioxide; and a state point re-
quirement (particularly pressure) for the CO2 pro-
duced. The first two requirements help determine the
best technological approach, while the latter two gen-
erally define the characteristics (e.g., size and power
consumption) of the device. Mass and volume must be
minimized, as usual.

Power consumption is likely to be a pivotal factor
for selection of the acquisition technology. For illus-
tration, consider a demand for CO2 at 1 bar obtained
from the atmosphere at 7 mbar. Isentropic compression
requires about 380 kJ per kilogram of CO2, or 18 W
assuming six hours of production per day, i.e., while
photovoltaic electricity is available. While this appears
to be a relatively small power demand, mechanical
single-stage vacuum pumps have low efficiencies,
typically about 7% of isentropic for this 140:1 com-
pression ratio. The energy demand is about 5400 kJ per
kilogram CO2. Ten kilograms of CO2 per day (an
amount that may be required in a near-term mission)
produced in six hours would require roughly 2.5 kWe
of high-quality electrical power, a high figure for a
Mars lander.  Furthermore, a number of serious engi-
neering challenges must be overcome to allow such
pumps to operate reliably for long periods of time un-
der such stresses as frequent stops and starts, cold
nights, large temperature cycles, and dust.

Temperature-swing adsorption is frequently men-
tioned as a possible candidate for compressing the di-
lute Martian atmosphere. Perhaps its most important
characteristic is its ability to operate with little or no
electrical power, as it instead can act as heat engine

between the cold Martian night and the warmer day, or
between a source of waste heat and the colder Martian
environment. Other advantages include the absence of
rapidly moving parts and the ease with which it can be
scaled in size to a large range of potential applications.
It avoids some of the problems associated with cold-
trapping, such as the fouling of refrigerated heat-
transfer surfaces and potential formation of dry ice in
inconvenient locations. Furthermore, it can potentially
separate the other constituents of the atmosphere
(mostly N2 and Ar) to form both a purified CO2 prod-
uct and a valuable inert gas byproduct.

By taking full advantage of the Mars diurnal tem-
perature cycle, a simple compressor can be constructed
that makes minimal use of electrical energy and avoids
complicating accessory equipment such as active
cooling loops that consume more power, add mass, and
reduce reliability. We have proven the concept by
building and operating simple adsorption compressors
that operate on a Mars-like temperature cycle (see Fig-
ure 1).

The energy requirements of a temperature-swing
adsorption compressor can be estimated through
evaluation of the latent heat of desorption plus the sen-
sible heat of the sorbent and the adsorbed CO2 it car-
ries. Reaching elevated pressures in the neighborhood
of 1 bar requires a relatively high latent heat of
desorption of CO2; for some sorbents half of the re-
quired energy goes to supplying this latent heat. For
the designs we are presently investigating, the total
energy requirement is estimated at 2700 kJ per kilo-
gram CO 2. Again, the important point here is that this
energy need not be electrical: the Mars environment
can provide most if not all of this heat, and down-
stream processors or passive solar energy can provide
the rest. In applications where low-quality heat is not
available, a relatively small amount of electrical en-
ergy may be used.

Our devices have been tested in an environmental
chamber under simulated Mars atmospheric conditions
of gas composition, pressure, and diurnal temperature
cycle (Figure 2). We will present results and analyses
of this ongoing experimental effort, and discuss some
of the technological issues that will be important in
building more advanced hardware.
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