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Lunar Propellant in Earth Orbits:  An established 
use case for lunar propellants is in LEO for satellite 
orbit raising and lunar/interplanetary transfers. The 
viability of lunar propellant will be heavily influ-
enced by the surface production scale and innova-
tion required to meet demand, which is determined 
by transportation efficiency and the type of propel-
lant delivered. Commercial IRRs are very sensitive 
the initial costs determined by production scale. 

Often aerobraking is used to increase effi-
ciency. The authors show that propellant delivery 
in lunar manufactured disposable tanks also in-
crease efficiency, with a pressurized volume by-
product. They also show that the effectiveness of 
aerobraking will likely be reduced as demand in-
creases. This creates a potential opportunity for lu-
nar manufactured propellant tanks to contribute to 
making large scale lunar propellant viable. 

Tradespace:  The scale of lunar propellant pro-
duction required to meet demand, and thus its via-
bility, is modulated by a trade space around deliv-
ery orbit eccentricity, delivered product (LOX or 
LH2LOX), drop tank CONOPs, and aerobraking.  

The authors’ earlier work for a NIAC study 
showed that propulsive delivery is more efficient 
than aerobraking at and above GTO like orbits. 

If one delivers oxygen oxidizer one will more 
fully utilize electrolyzed water, or tune mixed water 
and regolith, propellant production. For water this 
can increase effective production by 40%. 

One can also stage away empty tanks or deliver 
propellant “containerized” in drop tanks manufac-
tured on the Moon. Supplying the SpaceX Mars 
project’s 450,000 t/y of LOX in LEO would leave 
430 ISSs/y of pressurized volume as byproduct. 

Aerobraking Scale Problem/Lunar Drop 
Tank Opportunity:  One can expect the effective-
ness of aerobraking to face structural, capital, and 
operational challenges as scale increases, poten-
tially creating an opportunity for lunar tanks. 

A 1985 aerobraking Orbital Transfer Vehicle 
(OTV) could brake 7 t into LEO [1], 20 OTV flights 
to replace a SpaceX Starship Tanker flight. With 
reusability and inexpensive propellant SpaceX pro-
jects that flight operations costs will dominate. 

Increasing capacity without raising peak heat 
requires increasing frontal surface area, the cube 
square law pancakes the OTV, incurring structural 
penalties. Low thermal and acceleration multi-pass 

aerobraking incur operational and capital penalties 
since more vehicles must be employed, in parallel, 
to achieve the same delivery rate. 

Drop Tanks; Propellant and Pressurized 
Volume:  One can stage away tanks after major 
burns, or at delivery, to substantially increase de-
livered propellant. Tanks left in orbits are pressure 
vessels, useful for propellant depots or habitable 
volume. One can trade propellant efficiency 
against delivered volume via the TEI CONOPs. 
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Many lunar propellant production methods are 
parts of metal production pathways. Beneficiation 
of granular ice and regolith can separate free Fe. 
Metals are a common/targeted by-product of rego-
lith oxygen production. 

Results:  The authors derive the delivery effi-
ciency for scenarios with delivery orbits ranging 
from LEO through to LDHEEOs, these orbits can 
be oriented for lunar or interplanetary injections. 
LDHEEOs have been used in NASA Mars plans to 
soak up the excess delta-v that a volume-con-
strained launch of hydrogen propellant entails. O2 
burning vehicles in HEEOs could be customers for 
hydrogen-constrained lunar propellant production. 

Conclusion:  The authors propose CONOPs 
that bridge the gap between best case aerobraking 
and monolithic reusable propulsive delivery. Pro-
pellant tanks are an interesting lunar minimum via-
ble product because propellant mass dominates 
and needs containers, pressure vessel additive 
manufacturing proof of concepts exist, metals are 
a by/co-product of many propellant production con-
cepts, and disposable tanks improve the efficiency 
of resource and propellant utilization and thus in-
crease lunar propellant viability. 
[1] Scott C.D., et al. (1985) No. NAS 1.15: 58264. 


