MELiSSA WORKSHOP M;‘Eﬁm d<esa

Science and Technologies on Regenerative Life-Support

Session 3: Air Recycling

Cultivation of microalgae for
advanced closed life support systems
& as a technical and
biological challenge

S. Belz (University of Stuttgart, Institute of Space Syst&Eus, Germany)
N. Henn (DLR Space Agency, Germany)

June 8, 2016




fm INSTITUTE OF SPACE SYSTEMS

Dep. of Space Transport Technology

Content
» Why apply microalgae in space ?

= Humans and microalgae

- WWW.IrS.uni-stuttgart.de

» Microalgae cultivation in photobioreactors
» Long term cultivation

» Long term cultivation in space




INSTITUTE OF SPACE SYSTEMS

Dep. of Space Transport Technology

Space Exploration Destinations

WWW.IrS.uni-stuttgart.de

: SEL2 N =

Destinations in the next 40 years.\

A

Near-Earth Objects

Mars

€

Phobos/Deimos

ITVICTV

/

A . .
open 7/ physico-chemical
(=] Vs .
g \ 7 — regenerative
~ / . i
s s bioregenerative .
7 / e S Sl
w VA RS b
----- -
______ - - - — —"
I g -
=8 4 — —
- .
7*// hybrid
- — /
/s
'
v
| ] I\
T I W

tefmsgvalent System Mass
ESM = mﬁx + (V'Veq + P'Peq =+ C-Ceq) + m‘ .'t
| resupply mass

| carbon loops
1esis - plants and algae

mission duration Im /a

>



WWW.IrS.uni-stuttgart.de

INSTITUTE OF SPACE SYSTEMS

Dep. of Space Transport Technology

University of Stuttgart
Germany

Humans and microalgae
"Symbiotic" Relationship
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Life Support System architecture
including photobioreactors
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Microalgae species selection ﬁﬁ)ﬁ
Our favourite: Chlorella vulgaris

Immotile, single cell, spherical shape
Not forming complex agglomerates
Wide range for T, pH and CO,

Growth controllable by selective
lighting strategy

Cultivation and proliferation
controllable by medium composition

non-axenic cultivation
Space experience up to 40 days
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... but also cultivation experience with species Spirulina and Scenedesmus
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Cultivation in photobioreactors
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Terrestrial flat plate airlift reactor at IRS (from company Subitec, Stuttgart)

... cultivation at high cell densities (high biomass in low volume)
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Microalgae growth
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Cultivation time

1: growth f(x)
2: growth rate f*(x)
3: continuous cultivation

Cultivation parameters:
» CO, concentrations
» max. O, concentrations

» nutrients
(ammonium/nitrate, phosphate,
FeCi, DSN medium, ...)

light(ing)
non-axenic environment

— good growth conditions for
Chlorella beside other MOs
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Microalgae growth

Biological questions:
» cell morphology

biomass composition

Cell density
w N =

cell-cell interaction
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photosynthetic performance
(O, synthesis rate)
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regeneration potential
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....... . R » genetic evolution under space
Cultivation time conditions (ug, radiation)

1: growth f(x)
2: growth rate f*(x)
3: continuous cultivation

.. biology defines the cultivation requirements
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Microalgae growth
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Engineering questions:

Ensure a controlled environment
nutrients supply
lighting

gas exchange
(CO, supply, O, removal)

thermal control
media/solution control

harvesting and stowage
(downstream processing)

long term exploration missions

—) -

long term and stable cultivation

... Engineering: building a PBR system for long term and stable cultivation
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Long term cultivation in PBR (airlift)
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Long term cultivation in PBR (airlift)
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Long term cultivation in PBR (airlift)

(D)
©
< .
» Scenedesmus obliquus
2 » long term cultivation (cont. mod, regenerated nitrate source)
=
) 50 S
= 45 o o, o % o .
% °40 .'o 0000“ e ©o_ O, ...

2 35 Y B %o

£ 30 At Teete

§25 § N &AOAO Y

= 20 .i"““A Y . Ax—A

= . .' = fe . . A mggue"y,

o 15 A ‘—. = ‘._l_.'._._.il_. " a mgte®

o ‘ - ] m B [ ] [

10 . }
O |L | T I T T I
0 20 40 60 80 100 120
Culture Time [d]
@ 1st Scenedesmus culture ® 2nd Scenedesmus culture

15

A 3rd Scenedesmus culture ® 1st CROP-Scenedesmus culture



INSTITUTE OF SPACE SYSTEMS
Dep. of Space Transport Technology

University of Stuttgart
Germany

— Air

Management
G

<y

00 'B ‘la\ CO;

Waste Water
Management

10! i

Algae b1 OTOBIO,REACTOR

WWW.IrS.uni-stuttgart.de

Photobioreactor
I

Efficient integration
) in an existent
LT LSS infrastructure

16



fm INSTITUTE OF SPACE SYSTEMS University of Stuttgart
Dep. of Space Transport Technology

K Long term cultivation in space

» PBR@LSR: a technology demonstration experiment on ISS
for long term cultivation of C. vulgaris

= Hybrid link realized by CO, supply from LSR (CO, interface)
= Long-term cultivation (180 days)
= Functionality, feasibility, performance, stability
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Long term cultivation in space

» Reliable and robust PBR system design

= Reactor chamber

= Pumped algae medium loop

= LED lighting

= Gas management

= (Gas exchange through membrane
= Thermal control

= Liquid exchange
(inoculation, feeding and harvesting,
termination)

= Algae storage, transport,
backup culture
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... thank you for your attention ...

Contact:

Dr. Stefan Belz
Email: belz@irs.uni-stuttgart.de
Phone: +49 711 685 60361
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Long term cultivation in space o
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