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Exploring Mars, sustainably

Moon: 2027

Mars: 2039 (tentative)




Cyanobacteria provide a solution, but...
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Resource-efficiency must be determined
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- Growth rate (u(t) = FT XxFCl04- xmin(UP(t); MLavg(t))
and biomass concentration (Cx(t)) over time
- Regolith concentration (CR) and reactor operation for

maximal biomass production
- Biomass, gas, water and regolith production/consumption /
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Break-even point (BEP) and mass product and cost breakdown

Ramalho, Tiago P., et al. Algal Research 84 (2024): 103801.




’ Parameter | Earth _ b

Total pressure 1013 hPa (sea level) 6—11 hPa




How low can the pressure be?
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Atmos: A low-pressure photobioreactor

—— Pressure
. sensor

/ Gas inlet

Temperature ~
/:/ Light source

probe

Cyanobacterium

Vacuum pump Tt Vessel ~|
. culture

Heating
Gas supply

@ «4° 1 rubber
Motor and

stir bar

Control and
data aquisition system




Growth as a function of atmospheric parameters
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Growth as a function of atmospheric parameters
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| Parameter | Earth | Mas |

Total pressure 1013 hPa (sea level) 6-11 hPa
N, 78% 3%
0, 21% 0.1%
CO, 0.04% 95%
Ar 1% 2%
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Pressure in the cultivation system

Fixed SGR (0.2 day!) Fixed productivity (100 g m> day ™)
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Pressure in the cultivation system
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N,-rich air as waste product?

CO2 30.0%
Ar 26.0%
Co2 95.0% N2 44.0%
Ar 1.6% Temp. -44 C
N2 2.7% Press. 780 mm Hg
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Cco2 95.0%
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AlAA 2002-0467

Membrane Separation Processes at Low
Temperatures
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Downstream processes: Bioproduction on Mars

ZARM and UFT
Dr Cyprien Verseux
Tiago P Ramalho

HYDROPONIC EFFLUENT

[ —

“\
e" CATHODE

ANODE Y
CROPS
I cios
IRON
|
I o MAGNETITE
CB I
BIOMASS |
|
GROWTH
suBsTRATE | FUELS
POLYMERS
l BUILDING BLOCKS
kl
N2 CO2 HYDROPONIC SUBSTRATE
jTOC |CIOg”
PHOTOBIOREACTOR MICROBIAL HYDROPONIC
ELECTROCHEMICAL CELL GREENHOUSE

Dr. Guillaume Pillot
Prof. Dr.-Ing. habil. Sven Kerzenmacher

UFT

N

EDIBLE
BIOMASS
02

DLR
Jess Bunchek
Dr.-Ing. Daniel Schubert

16




How low can the pressure be?

Mars's surface

—L—

Water's
triple point

Troposphere
I

Summit of
Mt. Everest

Earth's sea level

0
No growth documented
(liquid water unstable;
survival possible)

Growth possible for a
limited number of species
(low temperatures
needed to maintain liquid
water)

25
Lower limit for growth of
most species
(inhibition decreases as
pressure increases)

I
100
Little effect of changing
pressure
(provided no partial
pressure is limiting)

Cottin et al. 2017; Martins
et al. 2017; de Vera et al.
2019

Nicholson et al. 2013;
Schuerger and Nicholson
2016; Schuerger et al.
2013

Nicholson et al. 2010;
Schuerger et al. 2006,
2013; Schuerger and
Nicholson 2006; Berry et
al. 2010

Schuerger et al. 2013;
Pokorny et al. 2005;
Nicholson et al. 2010;
Kanervo et al. 2005;
Murukesan et al. 2015

Verseux. Frontiers in Astronomy and Space Sciences 7 (2020): 30.
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Efficiency of cyanobacterium cultivation
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Vigorous growth under a low pressure of N, and CO,

Atmosphere Pressure (hPa) CO, N> Ar (0]}
MDA-1 100 4% 96% 0% 0%
Mars 6—11 95% 2.8% 21% 0.1%
Earth 1013 (sea level) 0.04% 78% 1% 21%
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Verseux et al. Frontiers in Microbiology 12 (2021): 611798.




Atmos: A low-pressure photobioreactor
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Today and tomorrow
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Martian Mindset

MarCyano

Understanding responses of cyanobacteria to Mars cultivation
conditions

Biomass on the rock

Harnessing rock-microbe interactions in support of process
chains on Mars
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Growth as a function of atmospheric parameters
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