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Additive Manufacturing in Space
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▪Repairs and first steps with ISS (Deborah Dufour)

▪3D Bioprinting (Carolin Hepp)

▪Space medicine (Justus Dorsel)

▪AM of spacesuits (Alexandre Blaga)

▪Additive manufacturing in space using local resources (Mateja Deric)
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Repairs and first steps with ISS 

- Time efficiency

- Mass and money savings

- Adaptability

- History

- Recycling

- Limitations
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Time efficiency
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Credits : Andrea Zocca et al. Enabling the 3D Printing of Metal

Components in μ-Gravity
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Mass and money 
savings

Credits : Seung Ki Moon Enea Sacco. Additive manufacturing for space: status and promises

Each part : 3 replacements
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Adaptability :
everyday repairs

Credits : Made In Space Inc Credits : NASA
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Adaptability:
accidents

Credits : NASA
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History : 
On the ISS

Credits : Moon Seung Ki, Enea Sacco. Additive manufacturing for space:

status and promises

Credits : R.G. Clinton Jr. Additive Manufacturing for Human Space Exploration

3DPrint

P3DP
AMF
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History :
On Earth

Credits : Alaa Elwany Miguel Hoffmann. In-Space Additive Manufacturing: A Review
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Recycling

Credits : NASA  : The Refabricator
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Limitations

Credits : ESA
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3D Bioprinting

• Introduction 

• Bioprinting in Space

• Bioprinting in Microgravity

• Current Research on the ISS
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https://www.technologynetworks.com/cell-science/lists/how-bioprinting-is-

advancing-tissue-engineering-350904



▪ 3D printing with living cells

▪ Pre-Processing
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Introduction

▪ 3D printing with living cells

▪ Processing
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▪ 3D printing with living cells

▪ Post-Processing



▪ Medical Infrastructure 
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Bioprinting in Space

▪ Now: Experimental

soft tissue fabrication

in microgravity

h
tt

p
s
:/
/s

e
3
d
e

d
u
.b

lo
g
s
p
o
t.

co
m

/2
0
1

8
/0

1
/3

d
-

b
io

p
ri

n
ti
n
g
-i

s
-r

a
p
id

ly
-g

ro
w

in
g

-f
ie

ld
.h

tm
l



▪ Advantages? -> YES
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Bioprinting in Microgravity

▪ Challenges? -> YES  
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▪ BioFabricationFacility (BFF) - since 2019 ▪ Handheld First-Aid Bioprinter



Space Medicine

• Need for space medicine

• State of the art

• Risks

• Future
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▪ Microgravity effects

▪ Radiation Exposure

▪ Closed-system health issues

▪ Future long-duration missions
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Credits : NASA



▪ Astronauts were able to successfully conduct surgery in space

▪ Robot was remotely controlled from earth to perform surgical tasks on ISS

▪ Tools are needed:

o3D printing allows localized production

oProduction of personalized tools
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State of the Art

Credits : World Extreme Medicine
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State of the Art

▪ Hammer splints

▪ Dental tool

▪ Forceps

▪ Scalpel handle

▪ Towel clamp

▪ Sponge stick

▪ Wong used a fused deposition modelling (FDM) printer 

▪ photovoltaic printer

▪ ABS as material

Credits : Wong
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State of the Art

▪ Left: metal tools

▪ Middle: disposable plastic tools

▪ Right: 3D-printed tools

▪ 3D printer was gravity-independent, 
single-extruder FDM printer

▪ ABS thermoplastic

▪ Size was bigger

Credits : Wong
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State of the Art

▪ Surgical needle holder

▪ Tested several materials

o ABS, PLA, PLA-SS, PETG, Nylon, 
Nylon-FG

Credits : Efstathiadis
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Risks

▪ Printing time: it can take hours to print

oNo spontaneous surgeries

▪ Sterility of devices

▪ Mechanical properties vary

▪ Material recycling and waste generation

Credits : Efstathiadis



▪ Faster 3D printers will increase efficiency

▪ New printers with wider range of thermoplastic material

oVariety of medical tools

▪ Development of equipment to recycle waste helps conserve resources during missions
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Future of Space Medicine



AM of spacesuits

Credits: Wikimedia CommonsN
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- Direct compression suits

- Indirect compression suits

- Hybrid suits

- Hard suits



Direct compression suits
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Credits: NASA



Direct compression suits
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Hybrid suits
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Credits: University of North Dakota



Hard suits
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Hard suits
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1. Concept of ISRU 

2. Regolith and its simulants

3. AM methods suitable for ISRU 
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Additive manufacturing 

in space using local 

resources 

Sibille et al., 2006.



Concept of ISRU 
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▪ In-situ resource utilization – ISRU

▪Local materials

▪Reduced reliance on Earth-based supplies 

Reduce launch 

mass and volume

Minimize waste

Improve the missions’ 

overall sustainability



Concept of ISRU 
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Karl et al., 2022.



Regolith and its simulants
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Martin and Smith, 2018 Simulating lunar and Martian 

regolith in laboratory

https://www.nasa.gov/

Photo from Wood et al., 1970., Goulas et al., 2021.

https://www.nasa.gov/


Regolith and its simulants
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▪Authentic extraterrestrial samples (i.e. regolith samples) 

Simulant materials



Regolith and its simulants
N

A
M

E
 E

V
E

N
T

 /
 N

A
M

E
 

P
R

E
S

E
N

T
A

T
IO

N
50

C
h

a
p
te

r
5
-A

d
d

it
iv

e
 m

a
n

u
fa

c
tu

ri
n

g

in
 s

p
a

c
e

u
s
in

g
lo

c
a
l 
re

s
o

u
rc

e
s

Goulas et al., 2021.Isachenkov et al., 2021.



Regolith and its simulants
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Goulas et al., 2021.

Karl et al., 2022.



Regolith and its simulants
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Goulas et al., 2021.Britt et al., 2019.



AM methods suitable for ISRU 
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Material extrusion 
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▪Filament (metal, polymer or composite)

▪Heated nozzle 

▪Sintering



Contour Crafting
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▪Extrusion-based technology

▪Sulfur-based concrete + JSC-1A

▪Technology Readiness Level (TRL) 6

Khoshnevis and Zhang, 2012.



Different aproaches
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▪Regolith-polymer feedstock
Biopolymer (PLGA), filled with JSC-1A and JSC Mars-1A simulants 

Metakaolin-based geopolymer binder with basalt aggregate

▪Protein-based binders 

Townsend et al., 2022.

Jakus et al., 2017.

Hojati et al., 2018.



Binder jetting
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Karl et al., 2022.

▪Liquid binder agent

▪Layer of powder (metal, polymer or ceramic)

▪Lowering of build platform 



D-shape
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▪Complete building structures or building blocks

▪Regolith (DNA-1)-based concrete 

▪The European Space Agency (ESA) 

Cesaretti et al., 2014.
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Powder Bed Fusion

Karl et al., 2022.

▪Laser or electron beam

▪Melt/sinter

▪Feedstock (metal, plastic, polymer or ceramic powder)

▪Lowering of build platform 
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▪Ray of concentrated sunlight 

▪Without any external power source.

▪JSC-1 regolith simulant

Hintze et al., 2009.
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▪JSC-1A and JSC-2A 

▪Concentrated sunlight

Meurisse et al., 2018.
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▪Focused Xenon light 

Meurisse et al., 2018.
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▪Solar sintering using JSC-1A

▪3D printer designed with xenon lamps 

Fateri et al., 2019.



Selective Laser Sintering/Melting (SLS/SLM)
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▪Laser beam used to sinter/melt the material

▪JSC-1A and JSC Mars-1A

▪NU-LHT-2M simulant 

Goulas et al. 2017.

Sitta and Lavagna, 2018.
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▪Basalt powder as a simulant - large-scale outdoor construction 

▪The Swamp Work lab at NASA’s Kennedy Space Center - SLS

Mueller et al., 2015.
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▪Separating powder - higher sintering temperature 

▪JSC-1A - base powder

▪Alumina - separator powder

▪Heated in a furnace

Zhang and Khoshnevis, 2015.
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Zhang and Khoshnevis, 2015.



Direct Energy Deposition
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▪Thermal energy source

▪Wires and powders

▪Melting the feedstock during deposition



Laser Engineered Net Shaping (LENS)
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▪Powder is conveyed using a flow of inert gas

▪Coaxial laser beam 

▪On-site repair of regolith structures 

Isachenkov et al., 2021.
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▪JSC-1AC 

▪Fabricating of solid parts 

Balla et al., 2012.



Vat Photopolymerization
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Karl et al., 2022.

▪Liquid polymer resin

▪Hardened as a result of curing 

▪Stereolithography (SLA) - mirrors to reflect a laser

▪Digital Light Processing (DLP) - digital light projector 
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▪ESA + Austrian company Lithoz -
EAC-1A  - small ceramic parts

▪CLRS-2 – DLP- ceramic parts

Altun et al., 2021.

Liu et al., 2019.



N
A

M
E

 E
V

E
N

T
 /

 N
A

M
E

 

P
R

E
S

E
N

T
A

T
IO

N
78

C
h

a
p
te

r
5
-A

d
d

it
iv

e
 m

a
n

u
fa

c
tu

ri
n

g

in
 s

p
a

c
e

u
s
in

g
lo

c
a
l 
re

s
o

u
rc

e
s



Thank you for your attention!

Any questions?
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