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 Establishing a permanent human presence in space requires a robust space economy.  To 
be sustainable, a robust space economy must be based on resources found in space and utilized in 
space.  But harnessing space resources requires a significant investment in infrastructure.  The key 
to creating the space economy becomes finding business plans that can develop the infrastructure 
to utilize space resources, while being profitable at each increment.  One of the first economically 
viable uses of space resources will be propellant derived from water found on the Moon or Near 
Earth asteroids.  This presentation develops a business case for liquid oxygen (LO2), liquid 
hydrogen (LH2) propellants from water ice extracted from permanently shadowed regions (PSR) 
near the lunar poles. 

 Any business case consists of two dimensions, the demand or market dimension and the 
supply or production dimension.  For the business case to be viable, the revenue generated by the 
demand side of the business must exceed the cost to produce.  For lunar derived propellant, the 
demand side of the business case was provided by United Launch Alliance (ULA) [1].  ULA 
specified a quantity and price for propellant within cislunar space it would be willing to purchase.  
ULA derived the quantity and price by analyzing the economics of using that propellant to move 
commercial satellites from Low earth Orbit (LEO) to geosynchronous orbit (GEO).  ULA’s 
requirements were 1100 mT of propellant purchased on the surface of the Moon for $500/kg. 

 The production side of the business case was developed by a team at the Colorado School 
of Mines [2].  A system architecture for a lunar mining operation was developed based on a 
technique called Thermal Mining.  This method used sunlight redirected from nearly permanently 
sunlit regions into the permanently shadowed regions to illuminate and heat the surface of the PSR.  
The icy regolith is thereby heated, sublimating the water ice.  The resulting vapor is captured in 
dome-like structure and directed into cold traps where it refreezes.  The ice is transported to a 
processing plant where it is purified and split into LO2/LH2 propellant and stored. Masses and 
costs for each system element were estimated.  The total non-recurring cost was estimated to be 
$2.5B including development, fabrication and delivery to the lunar surface. 

 For the cash flow analysis, the development and fabrication were assumed to take four 
years, with one year for deployment and set up.  Revenues were collected over a ten-year 
timeframe and $87M per year was assumed for the operations and maintenance.  This scenario 
generates a 9% internal rate of return with $2B in profit over the life of the project.  Another 
scenario was examined that included an additional propellant demand and investment by NASA 
through a public private partnership.  NASA’s additional demand was 100 mT of propellant to be 
used to fuel lunar landers for ascent from the Moon.  The propellant price was kept at $500/kg 
while NASA’s investment in the mining operation was assumed to be $800M. In this case, the IRR 
increased to 16% with profits topping $3B.  NASA’s investment resulted in a savings to the 
taxpayer of $2.45B the first year, and $3.45B each year thereafter versus delivering the propellant 
from Earth.  This is a great example how a public-private partnership can bring significant benefits 
to both parties. 
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