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IN SITU
La t in : " in  p o s it io n "  o r  "o n  s it e “
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In-Situ Resource  Utilization |  ISRU

“Ha r n e s s in g o f lo ca l n a t u r a l r e s o u r ce s  a t  m is s io n  d e s t in a t io n s , in s t e a d  o f 
t a k in g a ll n e e d e d  s u p p lie s  fr o m  Ea r t h , t o  e n h a n ce  t h e  ca p a b ilit ie s  o f h u m a n  

e x p lo r a t io n ”~ NASA
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In situ supply of life-supporting matters, including water, oxygen, food, solar/e lectric energy, 
e tc.

In situ supply of lunar-based rocket propellant, including hydrogen, oxygen, methane (CH4), 
e tc.

Construction and manufacturing of key facilities, including manned habitat, landing pads, 
scientific facilities, transport equipment, and maintenance  tools.
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Recent exponential growth globally in public & private  space  
missions in Additive  Mfg and Space  Resource  Utilization 

NASA astronaut Anne McClain insta lls the Refabrica tor in Feb. 2019. 
Source: NASA

The world’s first meta l 3D printer for space is on its way to the ISS
Source: Airbus

The Redwire Regolith Print Module; 
Source: Redwire Space

1st experimenta l samples of 
sta inless steel from Meta l 3D 

Printer



Why In Situ? 
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The  ISRU Landscape

Regolith-based  Mate ria ls 
and  Processes: 
• Cem entitious 
• Geopolym ers 
• The rm ose tting 
m ate ria ls, including 
m e lting 
• Lase r sin te red  
• Microwave  sin te red

ISRU is a  
capability 

involving m ultip le  
d iscip lines and  

e lem ents to  
achieve  fina l 

products 

Source: https://ntrs.nasa.gov/api/citations/20220012324
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In-Space  Manufacturing Challenges

Fre e  Sp a ce Lu n a r  Su r fa ce Ma r t ia n  Su r fa ce

Gra vit y 0 1/6 Earth 's  gravity 1/3 Earth 's  gravity

At m osp h e re <1x10-12 torr vacuum 2x10-12 torr vacuum
4 torr

(95% CO2; traces of Ar, Ne , O2, 
CO)

Te m p e ra t u re Shade : -200°F
Sun: +200°F

Shade : -250°F
Sun: +250°F

Shade : -125°F
Sun: -25°F

Ra w  Ma t e r ia ls spent sa te llite s, space  
debris

regolith  (SiO2 with  
traces of Al, Fe  

oxides)
SiO2, Fe 2O3, Al2O3

• Extrem es in  the  space  environm ent m ust be  conside red  for in -space  
m anufactu ring p rocesses 

• Difficu lt to  te st for space  environm enta l e ffects on  add itive  m anufactu ring 
p rocesses; Can  be  sim ula ted  by a  Physics in form ed  Pred ictive  Digita l Twin?



Comparison of Metal AM Processes for In-Space Applications

Electron  beam  deposition  using wire  feedstock offe rs h igh  ene rgy and  feedstock e fficiency 
and  com patib ility with  the  space  environm ent. 
Source: https://ntrs.nasa .gov/api/cita tions/20160006912

The first meta l Additive Manufacturing on the 
Interna tiona l Space Sta tion ha s taken place 

(Source: ESA/Airbus)

EBF3 system used a s an electron beam welder
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Lunar Regolith Constituents and Extraction 

Source: NASA

Chem ica l Reduction  for Meta l Recove ry

Therm al Sin te ring

Magne tic/Electrosta tic Separa tion

Crush ing & Sieving

Proce ss in g

Electrosta tic levita tion

Gas Je t Extraction

Auger Drilling

Bucke t-Wheel /  RASSOR

Ext ra ct ion

Lunar ilmenite (FeTiO₃) possesses potential to extract both 
oxygen and water when combined with hydrogen, while also 

providing titanium for components - making it one of the most 
valuable minerals for sustained lunar operations.

Source: https://ntrs.nasa.gov/api/citations/20220012324
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The  Enablers

Additive  
Manufacturing 

(AM)

Electron  Beam  
and  Wire  DED 
have  shown 

positive  re su lts  for 
fu ture  adapta tion

AI (CNN) enabled  
Rea l tim e  Process 
m apping and  m e lt 

pool Control

In -Situ  Resource  
Extraction

Molten  Regolith  
Electrolysis , 

Carbothe rm al 
Reduction

Honeybee  
Robotics 

Pneum atic Mining 
Breakthrough

Autonom ous 
Robotics and  

Pred ictive  Mode ls 

Autonom ous 
robotic swarm s to  

Mine -Process-
Fabrica te  
(offworld)

DL/ML based

Mine ra l 
p rospectivity 

m apping (MPM)

Robust AI enab led  
Digita l Twin  

Mode ls

Physics Inform ed 
Digita l Twins

Mode ls tra ined  on  
Gene ra tive  

Synthe tic Data  

Ene rgy 
Genera tion  and  
Storage  System s

NASA Nuclear 
Kilopower
Reactor.

Can  AM Mfg
Modules be  se lf 

re lian t; Sola r 
Prin ting?

Manufacturing in space is mission-critical beyond low Earth orbit, where resupply is limited.
These technologies are key enablers for sustainable space exploration.
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To Conclude ,

Multip le  Areas of ISRU are  under concurren t deve lopm ent phases

ISRU is a  m ultid iscip linary capability tha t in tegra te s various 
e lem ents to  produce  fina l ou tputs.

Long dura tion  space  m issions will be  cha llenged  by m ass and  
volum e  constra in ts for spare  parts

Electron  beam  / wire  deposition  offe rs h igh  ene rgy and  feedstock 
e fficiency and  com patib ility with  the  space  environm ent 



Thank You!

Questions..
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