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Why do Customer Requirements matter?

• Space is technology-rich and capital-poor

• The best way to secure commercial 
investment is to start by finding a customer

• Positive ROI (risk-adjusted) for a business 
case will attract non-traditional capital, 
expanding the size of the space industry



NASA-Science 
Military Missions

Debris Management 
Satellite Servicing & Refueling 

International Space Station
Human Exploration
Space Solar Power

Self-Sustaining Colonies

Markets for Lunar Propellant
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ISRU Customer:
L1 Gateway Circa 2001
propellant, shielding, life support



  

ISRU Customer:
Lunar Base Circa 2019
construction materials, shielding, 
life support, consumables, 
agriculture



Financing ISRU infrastructure: Options

• The Government Approach
– Ask NASA for funding

• The Commercial Approach
– Start with a customer (LEO-GEO satellite transfer) 

– Engineer and cost a solution

– Write a business plan

– Find (equity) investors or talk to the bank (debt)

– Scale infrastructure to meet demand

– Generate operating profit



LEO-GEO Propellant Transfer

• ULA announced interest in purchasing propellant in space
• Refueling spacecraft and rocket stages could have high 

value to multiple USG customers

If we disposed of aircraft when the first 
fuel tank was empty, the cost of flight 
operations would rise exponentially



  http://cislunar.nss.org/wordpress/wp-content/uploads/2018/11/Commercial-Lunar-Propellant-Architecture.pdf



  

CSM-ULA Lunar Mining Architecture

● In the fall of 2017, ULA engaged the Center for 
Space Resources at Colorado School of Mines 
to examine Lunar Mining Architectures

● Architectural Details
– Three options were evaluated from a technical 

tradeoff perspective - a single integrated design 
was selected from the three options

– The following slides describe the operational and 
technical assumptions for that baseline design



  

ULA: Transportation Systems



  

Design Options and ConOps



  

Siting Assumptions



  

Systems Interfaces



  

Lunar Surface Architecture



  

Design Elements



  

Design Elements



  

Design Elements



  

ISRU Plant Cost Model Assumptions



The High Cost of Reliability

• Space industry reliability is expensive
– Design hardware for maximum service-free lifetime

• Mining industry “wear parts” demonstrate an 
inverse approach
– Estimate when they will break and bring N extras

– Design for maintenance

• Production and Ops Costs for commercial lunar 
infrastructure could be dramatically lower than 
NASA expectations

• Early architectural choices have significant 
downstream cost impacts



Comparative Costs per Kilogram for Manufactured Systems
Spacecraft dry mass (t) cost $M $k/kg source

MSL Rover (Curiosity) 3.8 2500 658 https://en.wikipedia.org/wiki/Mars_Science_Laboratory

GOES-16 weather satellite 5.2 2750 529 https://spacepolicyonline.com/news/noaas-newest-weather-satellite-goes-s-ready-for-launch/

Telstar 19V 3.0 100 33.0 https://spacenews.com/maxar-considering-quitting-geo-satellite-manufacturing-business/

Aircraft
F-22 Raptor 19.7 339 17.2 https://en.wikipedia.org/wiki/Lockheed_Martin_F-22_Raptor

B-2 Stealth Bomber 71.7 1152 16.1 https://en.wikipedia.org/wiki/Northrop_Grumman_B-2_Spirit

F-18E 13.4 120 8.9 https://www.defense-aerospace.com/dae/articles/communiques/FighterCostFinalJuly06.pdf

F-35A 13.2 94.6 7.2 https://en.wikipedia.org/wiki/Lockheed_Martin_F-35_Lightning_II

F-15E 20.4 136 6.7 https://www.defense-aerospace.com/dae/articles/communiques/FighterCostFinalJuly06.pdf

Navy Ship (nuclear powered)
Virginia Class Submarine 7900 3200 0.41 https://en.wikipedia.org/wiki/Virginia-class_submarine

Ford-class Aircraft Carrier 100000 13000 0.13 https://en.wikipedia.org/wiki/Gerald_R._Ford-class_aircraft_carrier

Mining Equipment
Rear Dump Truck (55t) 41.2 0.938 0.023 http://costs.infomine.com/costdatacenter/miningequipmentcosts.aspx

Wheel Loader (7 cu m) 50 0.912 0.018 http://costs.infomine.com/costdatacenter/miningequipmentcosts.aspx

Hydraulic Shovel (4 cu m) 60 1.025 0.017 http://costs.infomine.com/costdatacenter/miningequipmentcosts.aspx

Drill Ship
GustoMSC PRD12,000 Drillship 45000 710 0.016

Comparative Industry Costs
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