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SEEKING MORE PROMINENT ROLES Cesa

2020s 2030s
European-led capabilities

ESA in mutual inter-dependence

Trace Rosalind Franklin rover Mars Sample Return
Gas +
Orbiter Entry Descend Landing system

Orion - European Service Gateway 1 habitation in
Modules deep space
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Core ISS partner Post-ISS Cargo launch Independent human
commercial stations and return transport
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A Future human round trip Mars missions requires a highly
optimised and reliable habitat as a core element.

A A ground based analogue Mars Transit Habitat(MTH) would
provide an important test bed to develop, integrate and
validate the required systems and technology with humans in

. x ““4 the loop
A Prepares ESA for contributing critical elements to future

human Mars exploration missions

Mars Transit Habitat Ground Based Demonstration Facility

A Advanced Life Support A Science possibilities include H2 2022
technologies A human-subject and human-

A Resource management, waste tended 2023-2025
treatment and recycling A Support of human habitation

A Crew health medical support & (e.g. food and nutrition, Implementation decision at CM25 for
countermeasures pyschological) development and operation of Mars

A Habitat systems integration A Validation of countermeasures Transit Habitat ground based

A Autonomous operation & support to A Physical sciences studies (e.g. demonstration facility in E3P4
decision making(Al, virtual multiphase processes) A Note: favouring challenge-based
presenceé) innovation non-space industry,
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MICRO-ECOLOGICAL
LIFE SUPPORT SYSTEM

ALTERNATIVE

The Challenge

How to assemble processes and technologies to
reach the highest level of closure and the highest

Safety ?




{"f ALiISSE Criteria Cesa
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A Multi -parameters metric to evaluate and compare

ECLSS: EFFICIENCY

A Efficiency
A Mass RISIK TO HUMAN ! HIASS
A Energy & power
A Crew time

A Risk for human

A Reliability o
A Sustainability

System 2
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= High Process Diversity (e

opean Space Agency

Artificial meat,
3D printing ,

Fixed-bed reactors
Bio-packaging,

Membrane bioreactors,
Gas/liquid separation/mixing,
Solid liquid separation,
Catalysers,

Photo -bioreactors,
Nitrification/Denitrification
Membrane technologies

| Tl

Anaerobic thermophile, A Microbial Food,
MEC A Higher plants
New fabric, A Microgreens,
A
A
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48851 S0mes Challenges Cesa
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A Circularity,

A Demonstration of the efficiency of each sub  -process,
A Compatibility between processes (static and dynamic),

A Modelling and control of biological processes,

A Limitation/poisoning via traces elements,

A Very long term drift,

A Biosafety,

A Crew Acceptance of recycled products,

Aé. .
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ASeeded in 1987, by AIRBUS France,
A~50 organisations,
A14 Countries.




sff- Memorandum of Understanding  cesa
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A Binding document,

A Signed by 15 partners,

A Coordinate by ESA,

A Two boards per year,

A Applicable document to all contracts,

A Evolution to ease collaboration &
commercial applications
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Activities 2019 -2022
' ' esa

- ! !
2016 2018 2020 2022 2024 2026 2028 ;

European Space Agency

Scientific Studies PoMP

System Studies

Air revitalization (BIORAT 1)

e | Temeas A

Urine treatment (BIORAT 2)

CemseA 1 hases  eheseco

Food complement  Unit (PFPY

Closed loop demonstrator
(MPP)

A
A
I

Plant Characterisation Unit
(PCU)

New Actitivities

1

1

1

1

| Phase Separation and mixing | :
i

i

1

1

1




IN COOPERATION WITH

esa

Lo ney

Planning

2023 2024 Ery 2026

GLEXSysd Gas liquid interface for oxygen transfer
Limpospira Lipidom and Pathways
Impact of high intensity light on Limnospira metabolic pathways

Grey Water Management
Yellow Water Management
BIORAT 2 Salinity Impact
NITROGENISOR® Nitrogen recovery from urine
€3 Salinity Reduction
Food Management
Arthrospira Biomass Recovery
BIOHARVESTS Soid/liquid separation ir} space
MEL{SSA feeder: biomass harvesting system for food prep
MicroG Sens Greenhouse
NPI Greenhouse Waste
PACMAN 2 3 Plant Characterigation Unit 2
Off Earth manufacturing of ¢rop friendly lunar greenhouse
Cellular Agriculfure
Cellular Agriculfure
Feasibility study on space food 3D printing
Proteips and macronutrients as edible biomass
Astronaut sweet food feasibilify and techno assessment
Waste Management
Waste 2 Ink
THERMOMEL 3 Investigation in micro -compounds analysis Phase B1
BIOPACK  Biodegradable packaging materials, waste inhibition an compaction technology
VFA transformation to CO2
Prediction of waste quality trough assessment of microbiome ~ interaction
Fdasibility study on lignocellulose hydrolysis by immobilised enzyme
3D printing of personalised medicine
System Studies
oscar
VARSITY
ERENITY

Flight Demonstrators

BRT1 Phase B1 BRT1 Phase 82 BRT1 Phase € BRT1 Phase D' 2
BRT2 Phase A BRT2 Phase B1 BRT2 Phase B2 BRTZ Phase € BRT2 Phase D'
PFPU Phase A/B1 PFPU Phase B2 PFPU Phase C PFPU Phase D %

Scientific Precursors

ART-C Development and Integration
WAPS Development and Integration

URINIS-A Development and integration

PHASE 3 GROUND DEMONSTRATORS
MPP Integration Activities
PHASE 4 TERRESTRIAL APPLICATIONS
Yellow Water Management
ESA HQ VunaNexus Demonstrator
Hydrahn
Transversal Activities
EIC/ES
General - upport to establish
Building - Support to establish
Maritime | Support to establish
MELISSA MOY Framework for Commercializa

- -

CM£02"} ('.M£028
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IN COOPERATION WITH

‘*‘;"f‘ a Multi -Layer Approach Qesa

Mass Balances and Metabolic Pathways Hydrodynamics Thermodynamic Hardware
Stoichiometries Modelling Modelling Modelling Architecture

Modelling l 1 Modelling

Implementation in the simulation

y

Analysis in simulation

v

In Situ Experiment : Nitrification+ Photo-bioreactor+ Crew
Wastes: Urine and CO2
Production : Oxygen and Food

v

| Comparative analysis Experiment and Simulation ‘

'

‘ Synthesis |




IS Eesa

5 E N-tanks in series

European Space Agency

Column bottom Column bed Column top
€D€———— -~~~ — - - == >€--->
Fhackmix
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Foackmix Foackmix ~ Fbackmix  Fbackmix  Fbackmix

Lig. Recycling loop  Frecy

E Mass balance equation
|:IN + I:RECY + I:Backmix)'(sn_l) - S” ) + FBackmi)C(sn+l) ) Sn ) } (in'out) mass ﬂOW
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u g 0.9 Inlet 2.37mL/min; air flow 0.3L/min
E DTS: o
Y Tr=4.19ht1

Y Liquid perfectly
mixed

European Space Agency

Residence Time (h1)

. kLa: 2150
Y Reproductible o
results 0

V 92 . 2 h -1 for O ] 3' 030 034 04l 047 054 061 0,68

Air inlet flow {L/min)

Iquid periectlly mixe ut 1ixed plomass : n -lank mode
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IN COOPERATION WITH

Eesa

strategy

Control

iropean Space Agency
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Modelling

 MITH0 ST CAL
. LIFE SUPPORT SYSTEM
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Light ."
Storage [ 7
\ ‘ “| Growth Temperature,
: J > photoperiod
Photosynthesis Z l

Gas exchange Development,
Architecture
&
Morphology

Sap conduction:
Atmosphere Xylem Phloem

Respiration
\\ 2
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PCU delivery, November 4/5 ™, 2019,
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IN COOPERATION WITH

Molecular analysis of the micro -organisms @esa

European Space Agency

High-throughput Technologies, on small sample volumes, low biomass

DNA

gene gene protein ;
l stability lexpression lexpression l g:i?fg:gﬁ
genomics transcriptomics proteomics metabolomics
: -,. % Setofarh genes o e ‘ ?
S
\\
Arthrospira
R, 1”’;"‘5"
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SPACEDEMONSTRATORS
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MESSAGE 1 (1ISS2002
MESSAGE 2 (1ISS2003
MOBILIZATION (ISS004
BASE A (ISS) 2006
BASE B&C (ISS) 2008
NITRIMEL Foton) 2014
MELONDEAU/BISTRO (ISSR015
ArtEMISSB (1SS)2017-2018

ArTEMISSC ISS Manifested, 2023 (TBC)
URINISA ISS (2024 TBC)
WAPS ISS (20232024 TBO

Call for applications (in progress)




\l [edlss | Space Demonstration  Logic

ILSRA Techno Demonstrators
BASE :}L}Rﬁ\/ﬁé d > BIORAT 1
BiSTRO URINIS BIORAT
Anthems WAPS PFPU
— — : — ECLSS
Done Manifested
demonstrator
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ARTEMISS Experiment @esa

European Space Agency

- on-line assessing of growth of A. platensis on ISS by
gas pressure measurement

- Photobioreactor A analysis using a classical
approach for bioprocesses : modelling and simulation

Magnetic stirrer motor

! Gas
PTFE membrane gzg;pa”me"t
(G/L)

Liquid
compartment
assy

LED
PCB
assy

L. POUGHON | AgroSpace - MELiSSAWorkshop| Rome - May 16 -18 2018 .
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A 1) Axenic Culture, _

A 2) Gas/Liquid ] P
Separation, : // ;

A 3) Oxygen
pzodu%?ion and /é_,‘._:-—————'
guantification, T m wm m m

A 4) Validation of S ——
Predictive model
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M EdiiBSeS PHOTOBIOREACTORS
Vi ,Q] ) S ISSColumbus
P A’ - EDR2
. . BRT1 OBD
A Accommodation Requirements | | | ————— European Space Apency
| | -
. . . . . | Photo- Biomask Solid
A Telemetry / telecommands (bi-directional communication) ‘bioreact.i ' "1 loop
A Thermal interface (800W dissipation capacity) [Thermar ozﬂiréggoﬁ‘ Nitrate
- Cgr\l/tsrol Liquid Loop } Volume}
. . L system Telemetry
A BIORAT 1 On-Board Demonstrator is composed of 5 sub-systems \Koz o csE [T1T 11
oo - i e e
interconnected and inter-dependant | E”é??g i Télecohmangs
1. Liquid Loop (incl. Photo-bioreactor) GasToop
2. GaslLoo
P COZ| consumer [«©2
3. Solid Loop
. Support Structure
4. Control System Electronics , “ecrons
Solid Loop fluidic Filter Unit
5. Thermal Control System
otema)
A The 5 sub-systems are composed of the following internal Uit st

volume
reservoir

Exchanger (TCS)

elements (see right drawing)

| PBR
— TCS inner cooling loop

Primary TCS heat
exchanger
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PhotoBioreactors Eesa

European Space Agency
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Lkl PFPU Eesa

J European Space Agency

ADemonstratorfor productionof tubers (potatoes) on théSS
ARealized as an Experimental InsertE@R MK I
AConsisting int@® drawers

NS %



GROUND DEMONSTRATORS
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The Pilot Plant Cesa

European Space Agency




CO2+ Urine




= O2+ Proteins
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;4 - C4b CO2 obijective(s) @ esa

C4b O2 Objective

European Space Agency
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C4b CO2
C4b O2

Control cab

Isolator + Crew Chamber + Plants
St r ate Nb Rats Volume
02 cons (Avg) 0O2Cons Night

RQ PQ

Activity Harvest every 7
Day/Night days

4

Controlled Variables

Leaks ' Air Add

Leaks Air Add



COMMERCIAL APPLICATIONS
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2020/2021 : Grey Water Recycling
2023: Grey Water + Yellow Water Recycling




BELEM Agreement

Agreement

MELISSA /BELEM:

- Pilot demonstrators for
grey, yellow and black
water,

- Obijectives: No release of
human wastes when on
Sea, via recycling on

board .

39
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CimentAlgue

A CO2 removal,

A 2 Meu investment
A Design of MELISSA photo -bioreactors "
A VICAT + ADEME

40
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French Guyana

Largest micro-algae production plant in Europe
Design based on MELiISSA Photo-Bioreactors K
Targeting several markets: biofuels, food,
Investment of 4 Meu

Eile Edit View Higtory Bookmarks Tools Help
Innovation & Ecologie industr: X
C @

© Getting Started & ONEESA

INI Nantes
W Université

v News

Ne rien manquer de notre actualité

U-NEWS > VERSION FRANGCAISE > UN BUSINESS NEWS

Développement durable | Partenariats | Relations Entreprises

Innovation & Ecologie industrielle : culture a grande échelle de
microalgues en Guyane

| & Leos février2021

Lauréat d'un appel 4 projet du Programme d'Investissement d’Avenir (PIA3), géré par 'ADEME, le projet PIAN, porté par la SARA (Société
Anonyme de Raffinage des Antilles) avec le laboratoire du GEPEA de 'Université de Nantes démarrera en février 2021. Cet ambitieux projet
décologiei jelle concrétise la réalisation en Guyane d'un dé XXL, le plus grand jamais construit en France sur le sujet.

Uobjectif ? Créer de nouvelles filidres durables basées sur la valorisation biologique du CO2 industriel, 4 travers la production 3 grande
échelle de microalgues.

AlgoSource C Q ()]

POUR EN SAVOIR
PLUS

> Le GEPEA
> ALGOSOLIS
> Lasara

> ALGOSOURCE

> Capacités

EUROPEAN SPACE AGENCY
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Medical Mycology Advance Access published January 3, 2014

[ISHAM"

Short Communication

Usefulness of pan-fungal NASBA test for
surveillance of environmental fungal
contamination in a protected hematology unit

Marie-Pierre 1.3+, Hafid 4, Thomas L
Gautier 1, Messalia 4, Sébatien 13,

Fréderick 4 Anne 2, Claude

and Herve %3

"Laboratory of Parasitology and Myi rtment of Hematology, University Hospital, h

p
Fourier University, Grenoble |, Grenol id *bioMérieux S.A., Chemin de L'Orme, 69280 Marcy
I'Etoile, France

Microbial Risk
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