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Concept Description: It is widely recognized that 

the availability of in-situ resource utilization (ISRU) 
technologies would greatly aid and enhance the scien-
tific investigation and exploration of Mars.  Most bene-
ficial are Martian ISRU concepts focused on propellant 
production techniques and compatible propulsion de-
vices that would enable both long range surface mobil-
ity and planetary ascent of samples for return to earth.  
These concepts typically involve processing of the 
Martian atmosphere, the composition of which has 
been well established through prior landing missions.  
The composition of the lower atmosphere, as deduced 
from Viking lander measurements, is 95.32% CO2; 
2.7% N2; 1.6% Ar; 0.13% O2; 0.07% CO; 0.03% H2O; 
with trace amounts of Ne, Kr, Xe, and O3. 

The predominance of CO2 in the atmosphere has 
led to the suggestion of several intriguing possibilities, 
most of which depend on chemical processing plants 
that demand prohibitive amounts of surface power and 
lead to unreasonable mission durations.  A conceptu-
ally simpler approach, however, would be to burn CO2 
directly as an oxidizer with a suitably energetic fuel.  
The use of CO2 as an oxidizing agent may appear 
counterintuitive, but there are certain fuels which can 
remove the bound oxygen with a substantial release of 
energy.  The most promising candidates are metals and 
their hydrides and mixtures with hydrogen compounds. 

For bipropellant rocket applications, it would only 
be necessary to collect and liquefy the CO2 thereby 
avoiding the major complications encountered with 
chemical processing plants.  For the special case of an 
endo-atmospheric propulsion system such as a ramjet, 
the imported fuel could be injected and burned directly 
with the resident CO2. 

An especially attractive combination for Mars 
would be the combustion of Mg with CO2 since Mg 
could be partically or wholly manufactured from in-
digenous planetary resources as part of a sustained 
long term exploration architecture.  For nearer term 
robotic science missions focused on long range surface 
mobility and sample return, the Mg could be trans-
ported to Mars in powdered form and combusted with 
CO2 that is compressed or liquefied from the atmos-
phere.  In this case, in-situ propellant utilization can 
can become a superior alternative to conventional stor-
able propellants, which would need to be entirely 
transported from Earth.  An attractive benefit of this 
approach is that powdered Mg can also be combusted 
with H2O extracted from Mars water ice for the at-
tainment of higher Isp peformance. 

Mission Relevance:  It is of interest to consider the 
mission relevance of Mg/CO2 propulsion in some de-
tail.  The nearest term mission that could potentially 
utilize this in-situ technology would be a Mars Sample 
Return (MSR), a highly ranked science priority with 
profound implications for planetary geology and biol-
ogy.  To increase the scientific return and enhance the 
odds for obtaining samples of special significance, it 
should be noted that NASA's Mars Exploration Pro-
gram Analysis Group (MEPAG) has recommended 
that an MSR mission should include modest mobility 
in order to ensure access to diverse samples and sedi-
mentary deposits at a site known to be scientifically 
compelling. 

Thus, it is anticipated that the MSR mission will 
require several descent-ascent vehicles or a rover that 
can traverse hundreds of kilometers about the landing 
site.  Inclusion of this mobility requirement, however, 
can increase launch payload mass to impractical levels 
making the mission nonviable with existing technol-
ogy.  As an alternative, in-situ propellant production 
and utilization should be examined as a possible means 
of circumventing this limitation. 

One possibility would be a ballistic descent-ascent 
vehicle/hopper utilizing a Mg-CO2 bipropellant rocket 
engine as illustrated in Fig. 1.  The basic idea would be 
to hop from site to site by refilling the propellant tank 
with liquid CO2 after every landing.  The final fill 
would then be used to boost a sample return module 
into Mars rendezvous orbit or directly into a minimal 
energy orbit to earth. 
 

 
Figure 1.  Illustration of Mars surface mobility con-

cept incorporating landing, site-hopping, and 
ascent using Mg-CO2 bipropellant rocket 
propulsion. 
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R&D/Technology:  To date, considerable basic 
laboratory R&D efforts have been undertaken to estab-
lish the ignition/combuston characterstics of metal fuel 
particles in CO2 and H2O environments.  These have 
clearly demonstrated ignitability, vigorous vapor-phase 
burning, and the achievement of practical combustion 
time scales (~ 1msec for 100-µm Mg powder in CO2) 
as well as the measurement of stable laminar flame 
speeds (~ 1 m/s). 

Based on thse encouraging results, a limited num-
ber of efforts have attempted to move beyond basic 
laboratory experiments and address the engineering 
development of practical rocket configurations with a 
focus on technology readiness advancements [1-5].  
Practical configuration of a Mg-CO2 bipropellant 
rocket generally leans toward direct injection of the 
metal powder with gas and/or liquid phase CO2.  A 
primary technical challenge for this type of engine is a 
system capable of pumping, injecting, and dispersing 
powdered metal in a fluid-like manner without jam-
ming or clogging.  Thus far, pneumatic feed systems 
based on fluidization techniques are proving to be the 
most promising technological option.  An important 
advantage of this approach is that the metal fuel may 
be utilized in the same state in which it is stored and 
transported to Mars, as a dry compact powder. 

Implementations of powdered metal combustion 
devices supporting basic R&D studies have evolved 
from rather simple dump combustor configurations, as 
exemplified by a NASA-MSFC design shown in op-
eration in Fig. 2, to modular and highly instrumented 
linear combustor configurations, as exemplified by the 
PSU/Busek Co. design shown in Fig. 3.  Thus, engi-
neering aspects such as powder transport/injection, 
ignition, combustion efficiency/stability, dilution lim-
its, and slag formation can now be effectively ad-
dressed, and the technology is poised for rapid devel-
opment and demonstration testing of a prototypical 
rocket configuration. 

Figure 2.  NASA-MSFC powdered metal bipropel-
lant dump combustor in operation [3]. 

Figure 3.  PSU/Busek Co. powdered metal bipropel-
lant linear rocket combustor [5]. 

 
 
Conclusions & Recommendations:  Based on the 

significant progress to date and the game changing 
relevance for near-term scientific investigations of 
Mars, including increased range surface mobility and 
leveraged ascent stages based on in-situ propellant 
utilization, it is apparent that a tightly focused and ag-
gresive R&D intiative could fast-track the develop-
ment of this technology for potential deployment in a 
2018 mission window. 

 
 
Topical Challenge Area:  Proposed technical con-

cept addresses Challenge Area 2 (primary) and Chal-
lenge Area 3 (secondary). 
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