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Blue Horizon SarL — introduction

m

BLUE HORIZON

U Implemented in Betzdorf, Luxembourg in 2017
[ Operational since 2018
L Ownership: 100% OHB SE

L 7 crew members

U Mission
U Life sciences for Earth and Space
U Offer biotechnological solutions
O Core competences
U Microbiology
U] Bioprocess engineering
U Systems engineering

U Earth observation
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Motivation —

BLUE HORIZO

1 Utilizing materials today

97 ¢

Linear way of material utilization
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Motivation A

BLUE HORIZON

[ Utilizing materials tomorrow

reating a Circular Life Support System/
Circular economy :

Increase level of autarky and flexibility — which materials are available and what are the needs?
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Biological Life Support System EEEEE—

BLUE HORIZON
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Additive manufacturing (AM)
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http://www.inhabitat.com/

Add-on subsystem to MELISSA A~

BLUE HORIZON

»sdh @esa OWe-ink: Organic Waste-to-Ink A

MICRO-ECOLOGICAL BLUE HORIZON
LIFE SUPPORT SYSTEM
ALTERNATIVE

sOW

2% P / Valorization:
Q7 oot

@° Waste to ink
X Integration OW-ink

229
MELISSA
% A cycle v »
Reintroduction

to natural cycle

Application

(L K>
Identification of waste and valorization processes
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Additive manufacturing (AM) PEE————

BLUE HORIZON

O 3D-printing: Subsequent layer-wise addition of ink (compound material) to obtain 3D objects

Fused Deposition Modeling (FDM) Inkjet bioprinting Paste extrusion

Filament spool; Thermoplastic material

O (Injection) molding

[ Solvent casting k #
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Screening: waste and valorization processe AN

[ Baseline: sOW derived from MELISSA (concept status: 2020)

¢ A
.. wroe® &
4 a“l’\ 2 2N
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Plant residues, feces Living fungus on sOW Entangled mycelium (chitine)
Microbial biomass Volatile fatty acids (VFA) Polyhydroxy-butyrate (PHB)
Microbial biofilm Unfractionated biomass Protein, polysaccharides
Plant residues Solubilized sOW Lignocellulose
Plant residues Fermentable sugars Polylactic acid (PLA)
nMicrobiaI biomass Unfractionated biomass Protein, polysaccharides
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sOW and process selection R BLUE HOEIZON

O Order-of-magnitude analysis (space-time-yield, STY) @ ' EEy
O Mass of produced ink k- B 5 W
@ Biced
a Mass of input sOW ¥ T i woe
O Estimate on hardware mass -
O Ink production time =

are )]
~
’
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1 ALISSE criteria

O Safety aspect e 4 %
O Performance 2 <
. . 3 06 #6
Thermoplastic material for FDM s . @' &
3D Printer @ISS £ - oe
3 02 #5 #2
_ 5 0 _____________________________
Thermomasuc/FDM
x x A
-
x %
x x
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Current work: focus on Limnospira/Spirulina biomass

From Organic Waste to Ink for 3D Printing Within the MELISSA Loop




Testing: Lab breadboard model

BLUE HORIZON

Key aspect 1 -
Bioreaction

.\

\ inoculum

%

& %

Additives

_ liquid medium biomass N

LUXEMBOURG
INSTITUTE OF SCIENCE
AND TECHNOLOGY

LISTE

Compounding,
Vincent Berthé (MRT)

@ -

Key aspect 2 —
Formulation and compounding
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- Key aspect 3 -
Additive manufacturing

Wy

Ink

£Direct3D o

3D-printing, Giacomo Gussetti

o

Ink-product
i | LISTED

Mechanical testing,
Vincent Berthé (MRT)




Results: Ink-precursor production A"

2 Spirulina production
% g § 5
g 1 i AN
3
Q 0 ﬁ
12 - :
- o -
¥ 10 e o -./ 4
Q & N
8 Ink-precursor
0 1 2 3 4 9

Production of >100 g Spirulina (dry) biomass containing mix of biopolymers
(proteins, polysaccharides, polynucleotides, ...)
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Results: Ink characterization A

BLUE HORIZON

O Absorption of water at different humidity

Q Starting point: dried ink i

O Determine mass gain by weighing
Q Strands ~0.5-1 cm x 1-2 mm [LxD]

20 J
A ~45% rel. humidity (RH)

~65% RH

Following compounding Ink

Mass gain, %

0 20 40 60 80 100

5-15% weight gain due to humidity absorption within ~10 d
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Results: Demonstration of 3D-printability ~ #2= " “=.

BLUE HORIZON
,‘ l:m

Q“% s

Layer adhesion after deposition is observed
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Results: 3D printing of test specimens P —

BLUE HORIZON

U Type-V tensile bars
(ASTM 638)

O Compression cylinders
(ASTM 695)

Detailed printing was possible to obtain test specimens
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BLUE HORIZON

Mechanical testing of 3D-printed tensile bar

-TB1 - TB4 ' ABS
—TB2 —TB5 28 ™
.TB8 -=-TB6
....TB7
Zeller 2013
I S 21
= =
: ?g 14
- _|
7
0
0.0 0.3 0.6 09 0 2 4 6 0 2 4 6 8
Elongation, %

Elongation, %

Elongation, %

Elastic modulus [GPa]:

0.76 + 0.05 0.20 + 0.04 >1.4

Ultimate tensile strength and modulus ~10x lower compared to 3D-printed ABS

Additional moisture weakens mech. strength and increases elongation (TB 4-7)

From Organic Waste to Ink for 3D Printing Within the MELISSA Loop




Mechanical testing of compression cylinders#== _ e

BLUE HORIZON

20 o 63
. . .eeecC2 ABS
-=CC3
15
5
=
g 3
S 9
5
o ¥
0 10 20 30 40 0 5 10 15 20 25
Compression, % Strain, %
Elastic modulus [GPa]:
~0.1 ~1.3

Ultimate compressive (yield) strength and modulus 5-10x lower compared to 3D-printed ABS
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Summary and next steps P ——

BLUE HORIZON

J MELiISSA concept: identified sOW suitable for AM

[ Spirulina biomass as bioplastic precursor

) Developed process chain to obtain compounded thermoplastic (ink) material
O Proof-of-concept: 3D-FDM (pellet) printing of the material

O Limitations material properties: sensitive to humidity and dissolution in water

d Tensile and compressive load ~ 1 OM below printed ABS

O Extend the production of the precursor biomass

O Improve processes to produce ink material of constant quality
O Characterize materials in more depth

Q) Test for recyclability and biodegradability

O Design, manufacture and test applications

O Elaborate on the potential integration of the OW-ink subsystem into MELISSA
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