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| Artﬂe'm'is Phase 1: Path to :Thje Luhar Sjurjface.

Artemis II: -First humans -
to orbit the Moon in the
21st century

Artemis I: First human

spacecraft to the Moon
: m the 21st century

-
== »

Taan L=

Commercial Lunar Payload Services

,3, - CLPS-delivered science and technology payloads
Early South Pole Mission(s)

- First robotic landing on eventual human lunar
return and In-Situ Resource Utilization (ISRU) site
- First ground truth of polar crater volatiles

LUNAR SOUTH POLE TARGET SITE

2020

Artemis Subport
Mission: First

Solar Electric
Propulsion (SEP)

Artemis Support
- Mission: First
pressurized
module delivered
~ to Gateway -

Large-Scale Cargo Lander
- Increased capabilities for science
and technology payloads

“ Artemis Support

Mission: Human Artemlslll

Landing System Crewed mission
~ delivered to to Gateway and

Gateway . lunar surface

Humans on the Moon - 21st Century
First crew leverages infrastructure
left behind by previous missions

2024
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Site
(Near-side & slope 0° - 10° &
less 10km from pole)

High lllumination Sites Permanently Shadowed

(above 60% over lunar month) Regions

Author: Peter WEISS,



@uliss |\ SPACESH!P FR - Context - Scope for Exploration

Structures and shielding

Automation and robotics

Life support

:> Crew health and Q .
performance
2521 Digital and supervision
Power generation and g P

energy storage

Autonomy and In-Situ
Resources Utilization (ISRU)

GLOBAL
EXPLORATION

ROADMAP
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\ /

400 kms 400 10°




Key Drivers

Subsystems in the international outpost

Food management system

Autonomous Habitat - LISE
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FR - Objectives

Fibre

degradation

Z

COMPARTMENT |
Thermophilic

Wastes

Anaerobic Bacteria

COMPARMENT IV

'é g
3 2
Volatile R R
Vs Va £F §

‘ ) Photoautotrophic fatty 3
Higher Plant stids =
g3
g8

Environne |

Compartment

Minerals

NH4"

Waste
valorization

Nitrifying Bacteria
Nitrosomonas
Nitrobacter

Minerals

Discussions, comparisons, identification of the complementary technological bricks
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\| famBsat | SPACESH!” FR - Roadmaps Comparison

TOPICS MELISSA SPACESHIP FR

Air Recycling & CO2 revalorization

Food Production

Grey Water Recycling

Yellow Water Recycling

Black Water Recycling

Waste Recycling

Biomaterials

Process modelling, Simulation & Control
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Life Support Architecture for Future Missions

Fire Management



| [amiet | SPACESH!P FR - Topics selection

TOPICS MELISSA SPACESHIP FR

Air Recycling & CO2 revalorization

&

Food Production

Q

Grey Water Recycling

Yellow Water Recycling

Black Water Recycling

Waste Recycling

Biomaterials

Process modelling, Simulation & Control

QRO

Life Support Architecture for Future Missions

]
]
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Fire Management



it | SPACESH!P FR - Rir Recycling and C02 Valorisation

< > >

MELIiISSA SpaceShip FR

Objective Objective

CO2 removal and reprocessing + O2 generation CO2 trapping

Technology

Technology

ClVa: Micro-algae photobioreactor (Limnospira indica) Cryo-liguefaction

Space TRL Space TRL

TRLA |

|.|

Objective Objective

CO2 removal and reprocessing + O2 generation CO2 trapping

Technology Technology

CIVb: Higher plant growth chamber Solid fibre

Space TRL Space TRL



‘et | SPACESH!P FR - Rir Recycling and €02 Valorisation
g

2022 Activities: Study, assessment and test of solid fibers for H20 capture N
State of the art of adsorbent technologies for H20 then CO2
Comparison of adsorbent
Update of the test bench
Tests of different configurations / materials => excellent kinetics with fibers and no dust

YV V V V

/ Future Activities: Development of a functional breadboard to treat and \
valorise H20 and CO2

» Evaluation of the suitable shape for adsorbent
» Design canisters (including the right proportion of adsorbent) for the requirement

Develop and test a ground functional breadboard (test under vacuum)




‘et | SPACESH!” FR - Food Production 1/2
s’

MELiISSA SpaceShip FR
Protein production for human crew consumption Protein prod. for human crew and aquaculture consumption
ClVa: Edible biomass cultivation in micro-algae photobioreactor AstroPOU module: Edible biomass cultivation via heterotrophic
(Limnospira indica) fermentation in bioreactor (Cupriavidus necator)

Space TRL Space TRL

TRLA |

Objective Objective

| -

Higher plants production for human crew consumption Higher plants production for human crew consumption

Technology

Technology

CIVb: Higher plant cultivation in growth chamber
Space TRL

C

Biomebox©: Higher plant cultivation in growth chamber
Space TRL




\| [auliet | SPACES 1P FR - Food Production 2/2
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MELISSA SpaceShip FR

Objective

Food production for human crew consumption

Technology

Fish farming module

Space TRL

Pt e



— [ On a 30 m? footprint, this module can
0 0 — o E - E - produce up to 10 kg per day of fresh
T ” miem= T fruits & vegetables for a budget lower

/ER\V/ER\ T 1 y/AR\V/AR\ than 2 000 €/m? of crop space

Pt e




\| famises ) SPACESH!P FR - Food Production perspectives

/ Next started studies and prototypes in 2022:

» Root vegetable production performance tests
» Mushrooms production prototype => new incomes for nutrition

» Mushrooms nursery prototype => grow mycelium

-

\

/

Next potential studies & Perspectives:

» Study the use of PHA substrate for germination

» Study the use of pressure variation to produce interesting molecules (pharmaceutic interest)
» Develop a digital twin => anticipate failure modes

» Define a model-plant referential and typical culture protocols for crew alimentation => realization of cycles of tests to characterize
them and build a database

» Study the integration of water treatment system => recycle nutritive solutions
» Study the effects of the air flux on the plant growth => optimize air circulation and thermal exchanges

\

20



«@uies ) SPACES ! FR - Yellow water recycling

-_— MELiSSA SpaceShip FR

Transformation of urine in proper substrate for higher plants Urine recycling for bacterial biomass cultivation
and micro-algae cultivation

Objective Objective

Technology

Technology
AstroPOU module: Heterotrophic fermentation in bioreactor

(Cupriavidus necator)
Space TRL

Clll: Heterotrophic nitrifying bioreactor (Nitrosomonas europaea,
Nitrobacter winogradskyi, Comamonas festosteroni)

Space TRL

| (|

Objective Objective
Nitrogen gas recovery from urine to compensate for gas Sanitation of drinking water removing persistent chemical
leakages in crewed habitat and bacteriological polutant
Partial Nitritation/Anammox + Membrane Aerated Biofilm Reactor Oxydo-reduction without additiy;e‘ts. thanks to photocatalyst & UV
excitation

Space TRL Space TRL




\| famiset | SPACESH!P FR - Black water recycling

MELIiSSA SpaceShip FR
Objective Objective
Black water and human faeces recycling Black water and human faeces recycling
Technology Technology

Cl: Thermophilic (55°C) anaerobic bacterial degradation. Inoculum Anaerobic digester module
coming from DRANCO (DRy ANaerobic COmposting) process.

Space TRL
Space TRL




«@ulsit |\ SPACES 1P FR - Waste Recycling 1/2

o’ MELiISSA SpaceShip FR

Objective

Objective

Inedible organic waste recycling Volatile Fatty Acids recycling

Technology Technology

Cl: Thermophilic (55°C) anaerobic bacterial degradation. Inoculum AstroPOU module: Heterotrophic fermentation (Cupriavidus
coming from DRANCO (DRy ANaerobic COmposting) process. necator

Space TRL Space TRL

TRL4 |

Objective

Objective

Bioplastics recycling Bioplastics recycling

Technology

Technology

Bio-degradation in controlled conditions and compatible with
MELISSA processes

Space TRL

PHA recycling for reuse in 3D-printer

Space TRL

23



\| famlees ) SPACES ! FR - Waste Recycling 2/2

MELIiSSA SpaceShip FR

Objective

Inorganic waste recycling

Technology

Compaction

Space TRL

Pt e



(st |\ SPACES P FR - Recycling perspectives

- =

See Presentation “Assessing the Recycling Potential of Cupriavidus necator for Space Travel: Production
of SCPs and PHAs from Organic Waste.”

By Pierre JORIS - TBI

Session Biomaterial 2/2 2022/11/10

At 13h30 Room 1

In 2022
Intensification and consolidation of the concept to reach TRL 4 :

» Process optimization in terms of reactor monitoring and inlet composition
» Evaluation of the product quality
» Evaluating the possibility to reduce or suppress Oxygen supply

Perspectives 2024 N

» Oxygen supply : Evaluation of the production of PHAs under limited or lack of oxygen. Impact on
the quality of the polymers.

» Coupled production of unicellular proteins and nutraceuticals in C. necator: feasibility study,
implementation, evaluation

» Scaling-up the AstroPOU process : Approaching real case situation ; Demonstrator in the
Spaceship Lab.




\| fauliet | SPACESH " FR - Biomaterials

MELiSSA SpaceShip FR

Objective Objective

Packaging production Bioplastic production

Technology Technology

Non-edible biomass 3D printing AstroPOU module: Heterotrophic fermentation (Cupriavidus
necator) + Bioplastic separator

Space TRL
Space TRL

.|

See Presentation “Assessing the integration of a bioreactor producing
SCPs and PHAs from organic waste into global environmental
systems.”

By Etienne PERRIN - CNES

Session Biomaterial 1/2 2022/11/09

At 08h50 Room 1
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\| faeiet | SPACESH 1" FR - Harmonized Roadmaps

TOPICS MELISSA SPACESHIP FR

Air Recycling & CO2 revalorization

&

Food Production

Q

Grey Water Recycling

Yellow Water Recycling

Black Water Recycling

Waste Recycling

Biomaterials

Process modelling, Simulation & Control

QRO

Life Support Architecture for Future Missions
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Fire Management



et | SPACESH!P FR - Collaboration perspectives
e

Grey Water Recycling Investigate cloth washing technologies

Piggy-back on upcoming CNES bed rest studies to look at correlation between diet,
microbiota and urine composition

Yellow Water Recycling

Test MELiSSA recipe of synthetic urine composition on AstroPOU module

Study on microbiota to better understand organic waste composition

Black Water Recyclin
L Study the feasibility of how Volatile Fatty Acids produced in MELiSSA CI could be

fed into AstroPOU fermentation module

Food Preparation Investigate biomass transformation into recipe

Investigate synergies on biodegradable packaging (CNES EcoPack Flight
Packaging Technology Demonstrator) and freshness packaging (CNES Freshness Packaging
Technology Demonstrator)

Radiations PhD on radioprotection and DNA/RNA reconstruction



s ) SPACESH!P FR - Acknowedgements
"’

Alexis Palllet, Alexis.Palllet@cnes.fr
CNES

Romain Charles, Romain.Charles@cnes.fr
MEDES

Chloé Audas, Chloe.Audas@esa.int
European Space Agency

Christophe Lasseur, Christophe.Lasseur@esa.int
European Space Agency

Pt e



mailto:Alexis.Paillet@cnes.fr
mailto:Romain.Charles@cnes.fr
mailto:Chloe.Audas@esa.int
mailto:Christophe.Lasseur@esa.int

2022 MELISSA CONFERENCE
8-9-10 NOVEMBER 2022 SPONSO RS

5
ESTE E G g ThalesAIema

AR'H SPACE EC NICA
8 Thales / Leonardo company f;ﬁ)(](ré?

ECOSYSTEM ENTER ISES

==

beyond gravity @ ENGINSOFT QINETIQ

3
: — SPARTAN .
Bi OX ”BLUE HORIZON QSP/\CE }frontlers

technologies



2022 MELISSA CONFERENCE
8-9-10 NOVEMBER 2022 PARTN ERS

P

Js * i ‘
\Q\* esa LAl o (&) ENGINSOFT GHENT M
European Space Agency FOUNDATION UNlVERSlTY Université de Lausanne

- ;:“.:.’v-,’...' N]VY E[tSITY
sckcen $opg ‘ﬁ Lajfcu ELPH
U"B UMONS U University
o UNIVERSITE f
r‘ VIto Umv:;snBt::cAengra\oma — ,‘ C le rmont . o Antwerp

Auvergne



"FOCS=

FRENCH OPERATIONS CENTER
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MICRO-ECOLOGICAL
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ALTERNATIVE

THANK YOU.

Navarro Gregory - CNES

gregory.navarro@cnes.fr
+33 561 274 885

www.melissafoundation.org

Follow us on social networks
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