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The Deep Space Gateway initiative will create 

new applications for a combination of existing systems 

and new flight and ground elements to include In Situ 

Resource Utilization (ISRU) technologies. To fully 

understand and act on the implications of such 

opportunity it is necessary to understand what, how, 

when and where such opportunities occur and more 

importantly, how all these interact with commercial 

space partners. This paper presents Human Space 

Flight, with an emphasis on the Kennedy Space 

Center’s (KSC) Vehicle ground processing operations, 

as advances in 3D Printing with ISRU feedstock and 

interplanetary Supply Chain Management (iSCM) will 

improve the support posture of remote deep space 

systems while minimizing the logistics footprint and 

launch costs. A joint National Aeronautics and Space 

Administration (NASA) and Massachusetts Institute 

of Technology Earth-to-Orbit (E2O) supply chain 

model designed to simulate the logistics nodal 

positioning of critical materials is presented 

(screenshot below).  

 

 
 

Further, a supply chain economic model, funded 

in 2007 by the U.S. Air Force Research Lab (AFRL) 

and the Space Shuttle Program Office, to measure the 

NASA space industrial base risks will be utilized to 

assess 3D printing opportunities for on-demand in-

space component production.  The art, science and 

perspective of 3D Printing is not only applicable to 

such a government & contractor operations, it is an 

                                                 
 

invaluable approach for understanding and improving 

on the long term Product Lifecycle Management 

(PLM) of deep space hardware.  

Applying aspects of the high-volume, market 

demand driven SCM disciplines of the commercial 

industry to a low-volume, schedule driven aerospace 

environment is not only possible but vital to accurately 

estimate, plan, control and manage the non-recurring 

and recurring costs associated with long-term 

operations and vehicle processing of space flight and 

ground support equipment.  “Applying these 

disciplines is especially crucial during the early 

design, development, test and engineering (DDT&E) 

phase of a new program.  Upwards of 70% of the 

operational recurring costs, which include 90% of the 

indirect processing costs associated with Launch and 

Landing core activities, are influenced as a result of 

the initial phase of DDT&E”1.  Breakthroughs in the 

field of 3D Printing, specifically using Regolith-based 

raw material feedstock will provide the capability 

needed to create an on-demand rapid mobilization of 

manufacturing of critically needed replacement parts 

or support other vital lunar surface hardware 

requirements. 

Deploying the tactical and strategic iSCM 

disciplines described in this document will take a 

significant amount of time, however by leveraging 

other agency programs, resources and tools, costs to 

deploy can be kept to a minimum but more 

importantly; a single portfolio of in-space 3D printing 

capabilities and iSCM processes that support NPD 

7120 and NPD 7500 will have been established. 

Ultimately 3 simple goals can be achieved by 2030; 

 

1. NASA will have the capability for rapid on-

demand 3d printing of critically needed 

hardware using lunar regolith material as 

feedstock. 

2. Logistics ground operations footprint and costs 

will be reduced by 35%. 

3. Remote Deep Space Gateway logistics efforts 

will become 75% self-sustaining and minimize 

Earth-based hardware sourcing.  
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Advanced Manufacturing and iSCM is a key 

piece of the framework for America’s space 

technology investments as the NASA the aerospace 

industry, and international partners embark on a bold 

new vision of human and robotic space exploration 

beyond Low-Earth-Orbit (LEO).  This type of 

investment is driven by the Agency’s need for cost 

efficient operational support associated with, 

processing and operating space vehicles and address 

many of the biggest operational challenges including 

extremely tight funding profiles, seamless 

Government-to-Commercial program inter-activities 

and the reduction of the time gap with human 

spaceflight capabilities in the post-Shuttle era. An 

investment of this magnitude is a multiyear task and 

must include new patterns of thought within the 

engineering community to expand on the importance 

of PLM, iSCM and advanced manufacturing, in 

particular understanding the physics, information flow 

and modeling needs of remote in-space 3D printing.  

Proven history within the Department of Defense and 

commercial sectors has shown that logistics cost 

reductions and or cost avoidances of upwards to 35% 

over business as usual are achievable.  It is iSCM, 

advanced manufacturing modeling and in-space 3D 

printing that will ultimately bring the solar system 

within the economic sphere of our society.     
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