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The potential for maintaining an ongoing Lunar hu-

man presence, both in orbit and on the surface, requires 

the construction, operation and delivery of several crit-

ical components in preparation of this objective. In-situ 

resource utilization (ISRU) has been identified as a crit-

ical component and catalyst to promoting the develop-

ment of this architecture. In early 2018, through signa-

ture of Space Policy Directive 1, NASA was directed to 

refocus its attention to conducting sustainable explora-

tion missions at the Moon. ISRU technology can be de-

signed to process numerous space resources, repurpos-

ing them for various uses from rocket propellant and 

habitat radiation barriers, to launch/landing pads and 

consumables for astronauts.  

Lockheed Martin is the primary contractor for 

NASA’s Orion crewed vehicle and is one of nine com-

panies to provide payload delivery services to the Moon 

via NASA’s Commercial Lunar Payload Services 

(CLPS) contract. With construction of the first Gateway 

elements planned to start in 2019, along with the up-

coming launch of Exploration Mission 1 (EM-1) in 

2020, the buildup of NASA’s lunar architecture is al-

ready underway. In addition, Lockheed Martin’s design 

and construction of the Gravity Recovery and Interior 

Laboratory (GRAIL) has led to several breakthrough 

discoveries in understanding the Moon in its entirety, 

through mapping of its gravitational field and interior 

composition. 

Since the 1990s, Lockheed Martin has established a 

rich background in the design and testing of ISRU tech-

nology for use in the solar system. The Precursor ISRU 

Lunar Oxygen Testbed (PILOT) system, started in 

2005, was a built-to-scale ground test article purposed 

for extracting O2 from lunar regolith at an O2 production 

rate equivalent to 1000 kg/year. PILOT, working in 

conjunction with NASA’s ROxygen system (designed 

to produce O2 at a rate of 660 kg/yr), features a H2 re-

duction system where it extracts O2 from iron oxides 

within excavated lunar soil, processing and then storing 

it for future use. The iron oxides release O2 when chem-

ically reduced by the H2 gas, producing water vapor, 

which is condensed, filtered, and electrolyzed for later 

use. This methodology allows for achieving reaction 

rates similar to fluidized bed reactors, but without re-

quiring any high gas velocities to fluidize the feed ma-

terial. Following delivery by an excavator, a v-shaped 

bin is mechanically actuated to raise and lower the ex-

cavated lunar soil into the system’s reactor. The sys-

tem’s tumbling reactor (i.e. a ‘cement mixer’) is de-

signed to mix and heat the regolith at an optimized an-

gle, allowing for maximum exposure of the regolith 

grains to the hot H2 gas within the conical-shaped 

reactor without requiring a uniform particle size distri-

bution. The water vapor, a bi-product of the H2 reduc-

tion process, is recaptured for use as a filtering media 

with the PILOT’s purification module, removing con-

taminants (hydrogen sulfide, chloride, and sulfide) that 

would inhibit the opera-

tion of the system’s elec-

trolyzer.  In 2008, while 

installed on a mock 

(Phoenix-sized) lander 

platform, PILOT partici-

pated in field tests at the 

Mauna Kea volcano on 

the big island of Hawaii. 

Integrated with the Cra-

tos mini rover equipped 

to bring regolith simu-

lant (JSC-1A) to the re-

actor, the PILOT ground 

test article produced 150 

g of O2, equating to total 

O2 yields of 1 wt% of the 

processed regolith. 

Based on 11.6 kg of sim-

ulant loaded into the PILOT reactor, ~110 ml of clear, 

color-free water was produced [1,2,3].  

Future human missions to the Moon will rely on a so-

phisticated, state-of-the-art infrastructure, both in orbit 

and on the surface. With the spacecraft and services al-

ready available for meeting those objectives (e.g. Orion, 

Gateway, and CLPS), the opportunity to advance ISRU 

technology is ready to support the early stages of 

NASA’s lunar architecture buildup. Revitalization of 

previously proven technology, such as PILOT, will al-

low NASA to press ahead on those advancements al-

ready made with ISRU. Improvements to the PILOT 

system, based on those lessons learned from its 2008 

ground tests (e.g. filter sizing, reactor sealing, etc.), will 

allow for more significant breakthroughs in O2 produc-

tion to occur. Additional terrestrial-based testing will 

allow for the development of a PILOT flight model that 

can delivered via CLPS, becoming the first major piece 

to drive NASA’s deep space architecture for sustaining 

humans at the Moon. 
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Figure 1 – The PILOT system, in-
tegrated on a Phoenix-sized lander 

along with a mini rover known as 

“Cratos” (shown at the bottom), 
during field tests being run a Ha-

waiian analog test site in 2008 (im-

age credit: Lockheed Martin). 
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