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Introduction:  Lunar in situ resource utilization 

(ISRU) discussions usually focus on water for propel-

lants. There are other products and other markets to 

consider. ISRU markets and product values are a func-

tion of lunar activity, the transportation architecture, 

market location and underlying assumptions. Markets 

and product value are defined for a reference scenario 

and compared with data from two other scenarios. 

The reference scenario includes a permanent con-

tinuously inhabited lunar outpost supported by a reusa-

ble cislunar transportation architecture. Two personnel 

and two cargo missions per year service the lunar ac-

tivity, reminiscent of NASA’s Exploration Systems 

Analysis Study [1] in response to the Vision for Space 

Exploration [2].   

ISRU product values are defined in $/kg and nor-

malized with respect to value in low Earth orbit (LEO) 

as a function of use location.   

Markets: While propellant for transportation is the 

most discussed market for ISRU products, there are 

others: radiation shielding, micrometeoroid protection, 

life support, landing zone and habitat construction, 

paving, internal outfitting and local industry. These 

markets may be on the Moon, in the Moon’s vicinity, 

in LEO, on Mars transfer vehicles or in Mars orbit.   

Lunar ISRU Products: Regolith is the easiest 

ISRU product to obtain; it can provide radiation and 

micrometeoroid protection as well as construction and 

paving material. Water ice can provide water for radia-

tion shielding, metabolic and hygienic needs, metabol-

ic oxygen and rocket propellant feedstock.   

Oxygen from lunar regolith oxides can be a source 

for metabolic oxygen and rocket propellant oxidizer. 

Volatiles from permanently shadowed regions like 

Cabeus Crater may provide methane, ammonia, carbon 

dioxide and carbon monoxide [3]. Metals and other 

elements for local industry may be obtained from the 

various minerals found in regolith.  

The point is, there are many ISRU products obtain-

able on the Moon that can serve multiple markets and 

offset mass otherwise delivered from Earth. 

Reference Architecture: Cislunar Space Devel-

opment Company’s (CSDC) reusable cislunar trans-

portation architecture is used to determine ISRU prod-

uct value for this presentation. Systems and elements 

include space tugs, Moon shuttles, propellant depots, 

water tankers and personnel modules. 

Space tugs move materiel between LEO and Earth-

Moon L1 (EML1) propellant depots. Moon shuttles 

operate between the EML1 propellant depot and the 

Moon’s surface. Propellant depots convert water to 

liquid oxygen and liquid hydrogen. Water tankers and 

personnel modules are space tug and Moon shuttle 

payloads.  

Space tug design reference mission. Deliver 25 mt 

from 400 km circular by 28.5 inclination to EML1 and 

return with 3 mt using aeroassist without refueling; a 5 

mt return payload sizes the aerobrake.  

Moon shuttle design reference mission. Deliver 25 

mt from EML1 to the lunar surface and return with 3 

mt without refueling.  

Propellant Depots. Subsystem parametrics defined 

by Moran [4], driven by space tug and Moon shuttle 

propellant needs, plus ISS truss structure parametrics 

and tank estimates added by this author are used to size 

LEO and EML1 propellant depots.  

Water Tanker. The full water tanker mass is limited 

to 25 mt with an assumed empty mass of 3 mt per 

space tug and Moon shuttle design reference missions. 

Personnel Module. The personnel module assumed 

mass is 5 met.  

Lunar ISRU Product Value: Given CSDC’s ar-

chitecture and imbedded assumptions, the maximum 

value of lunar ISRU products on the Moon is $43K to 

$74K/kg for use on the Moon, $13K to $19K/kg for 

Moon departure propellant, $4K to $5K/kg for export 

to EML1 and $1K to $2K/kg for export to LEO.  When 

normalized to launch cost to LEO, values are 9.5 to 

16.4, 3.0 to 4.3, 0.8 to 1.2 and 0.2 to 0.3, respectively. 

Lunar ISRU Product Value Comparison: ULA, 

in their Cislunar 1000 scenario, states they will buy 

propellant on the Moon at $0.5K/kg for sale in LEO at 

$3K/kg to beat current $4K/kg launch cost from Earth 

[5], or 0.125 times launch cost. From Spudis [6], Moon 

water is calculated to cost $25K/kg, or 6.25 times 

launch cost, before amortizing $88B set-up costs. 
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