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Description

Å Future human round trip Mars missions requires a highly 

optimised and reliable habitat as a core element. 

Å 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 

the loop

Å Prepares ESA for contributing critical elements to future 

human Mars exploration missions

Mars Transit Habitat Ground Based Demonstration Facility

Technology Schedule

Å Advanced Life Support 

technologies

Å Resource management, waste 

treatment and recycling 

Å Crew health medical support & 

countermeasures

Å Habitat systems integration

Å Autonomous operation & support to 

decision making(AI, virtual 

presenceé)

Å Food production, processing and 

preparation

Å CDF H2 2022

Å Potential Phase A/B1

2023-2025

Å Potential Phase B2-C-D

Implementation decision at CM25 for 

development and operation of Mars 

Transit Habitat ground based 

demonstration facility in E3P4

Å Note: favouring challenge-based 

innovation non-space industry, 

SMEs,é

Science

Å Science possibilities include

Å human-subject and human-

tended

Å Support of human habitation 

(e.g. food and nutrition, 

pyschological)

Å Validation of countermeasures

Å Physical sciences studies (e.g. 

multiphase processes)



The Challenge

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



ALiSSE Criteria

ÅMulti -parameters metric to evaluate and compare 
ECLSS:
ÅEfficiency

ÅMass

ÅEnergy & power

ÅCrew time

ÅRisk for human

ÅReliability

ÅSustainability



High Process Diversity

Å Anaerobic thermophile,

Å MEC

Å New fabric,

Å Fixed-bed reactors

Å Bio-packaging,

Å Membrane bioreactors,

Å Gas/liquid separation/mixing,

Å Solid liquid separation,

Å Catalysers, 

Å Photo -bioreactors,

Å Nitrification/Denitrification

Å Membrane technologies

Å Microbial Food,

Å Higher plants

Å Microgreens,

Å Artificial meat,

Å 3D printing ,



Somes Challenges

Å Circularity,

Å Demonstration of the efficiency of each sub -process, 

Å Compatibility between processes (static and dynamic),

ÅModelling and control of biological processes,

Å Limitation/poisoning via traces elements,

Å Very long term drift,

Å Biosafety, 

Å Crew Acceptance of recycled products,

Åé..



The Project

ÅSeeded in 1987, by AIRBUS- France,

Å~50 organisations,

Å14 Countries. 



Memorandum of Understanding

ÅBinding document,

ÅSigned by 15 partners,

ÅCoordinate by ESA,

ÅTwo boards per year,

ÅApplicable document to all contracts,

ÅEvolution to ease collaboration & 
commercial applications



A Team



Industry 



ESA-Team



Activities 2019 -2022

2016 2018 2020 2022 2024 2026 2028

EXPERT/ ISS Demonstrators for Cis Lunar 

Air revitalization (BIORAT 1)

Urine treatment (BIORAT 2)

Food complement Unit (PFPU)

Closed loop demonstrator 
(MPP)

Phase B

Phase A

Phase B Critical subsystem

Various integration steps

Scientific Studies PoMP POMP 1 POMP2

System Studies

FUNDED ACTIVITIES

Plant Characterisation Unit 
(PCU)

Commissioned

Phase Separation and  mixing

New Actitivities

Various integration steps

POMP3



Planning
LIFE SUPPORT ACTIVITIES ς TIMELINE OVERVIEW ς November 2022 

 

GLEXSys ð Gas-liquid interface for oxygen transfer  

Impact of high intensity light on Limnospira metabolic pathways  

NITROGENISOR ð Nitrogen recovery from urine  

Arthrospira Biomass Recovery  

BIOHARVEST ð Soid/liquid separation in space  

MELiSSA feeder: biomass harvesting system for food prep  

PACMAN 2 ð Plant Characterisation Unit 2  

Off Earth manufacturing of crop friendly lunar greenhouse  

Cellular Agriculture  

Cellular Agriculture  

Feasibility study on space food 3D printing  

 

Proteins and macronutrients as edible biomass  

Astronaut sweet food feasibility and techno assessment  

THERMOMEL ð Investigation in micro -compounds analysis Phase B1  

BIOPACK ð Biodegradable packaging materials, waste inhibition an compaction technology  

 Prediction of waste quality trough assessment of microbiome interaction  

Feasibility study on lignocellulose hydrolysis by immobilised enzyme  

3D printing of personalised medicine  



INTENSIVE CHARACTERISATION



Multi -Layer Approach



N-tanks in series

Mass balance equation :
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DTS:
ŸTr=4.19h-1

ŸLiquid perfectly 
mixed

kLa:
ŸReproductible 

results

Ÿ92.2h-1 for 0.3l 
air/min

Inlet 2.37mL/min; air flow 0.3L/min

Liquid perfectly mixed but fixed biomass : n -tank model 
conserved



Control strategy



Modelling
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photoperiod
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PCU delivery, November 4/5 th , 2019, 
Napoli 



Molecular analysis of the micro -organisms

DNA RNA

transcriptomics

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

conc

gene

expression

protein

proteomics

protein

expression

gene

stability

genomics

metabolite

metabolomics

metabolite

production

Arthrospira

Arthrospira

PCC 8005 
genome



SPACE DEMONSTRATORS



MESSAGE 1 (ISS) 2002

MESSAGE 2 (ISS) 2003

MOBILIZATION (ISS) 2004

BASE A (ISS) 2006

BASE B&C (ISS) 2008

NITRIMEL (Foton ) 2014

MELONDEAU/BISTRO (ISS), 2015

ArtEMISSB (ISS) 2017-2018

ArTEMISS-C ISS Manifested, 2023 (TBC) 

URINIS-A ISS (2024 TBC)

WAPS ISS (2023-2024 TBC)

Call for applications (in progress)

Flight Experiments



Space Demonstration  Logic

BASE ARTEMISS BIORAT 1

BIORAT 2

NITRIMEL

WAPS

URINIS 

PFPU

BiSTRO

Done Manifested
ECLSS 
demonstrator

Anthems

ILSRA 

Approved

Techno Demonstrators



L. POUGHON | AgroSpace - MELiSSAWorkshop| Rome - May 16 -18 2018 | SLIDE 26

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

- Photobioreactor Ą analysis using a classical 

approach for bioprocesses : modelling and simulation

Magnetic stirrer motor

PTFE membrane 
(G/L)

Source : GM2 reactor inspection ðSCK-CEN 2018

ARTEMISS Experiment



ARTEMISS Results

Å1) Axenic Culture,

Å2) Gas/Liquid 
Separation,

Å3) Oxygen 
production and 
quantification,

Å4) Validation of 
Predictive model



PHOTOBIOREACTORS

Å Accommodation Requirements

Å Telemetry / telecommands (bi-directional communication)

Å Thermal interface (800W dissipation capacity)

Å BIORAT 1 On-Board Demonstrator is composed of 5 sub-systems 

interconnected and inter-dependant 

1. Liquid Loop (incl. Photo-bioreactor)

2. Gas Loop

3. Solid Loop

4. Control System Electronics

5. Thermal Control System

Å The 5 sub-systems are composed of the following internal 

elements (see right drawing)

BRT1 OBD

EDR2

Photo-
bioreact.

Pression
Volume 
system

Liquid Loop

Consumer

Gas Loop

ISS-Columbus

Mem-
brane

O2CO2

CO2

O2CO2

O2

Solid 
loop

Nitrate

Biomass

CSE

Thermal
Control 

Sys.
Telemetry

Telecommands



PhotoBioreactors



ÅDemonstratorfor production of tubers (potatoes) on the ISS

ÅRealized as an Experimental Insert for EDR MK II

ÅConsisting into 3 drawers

PFPU within EDR2

PFPU



GROUND DEMONSTRATORS



The Pilot Plant



CO2+ Urine



= O2+ Proteins



Controlled Variables
Manipulated 

Variables

C5
Isolator + Crew

Nb Rats
Volume

O2 cons ( Avg )
RQ

Activity 
Day/Night

C4b
Chamber + Plants

Volume
O2Prod Day

O2Cons Night
PQ

Harvest every 7 
days

Flow

C
C5 O2 SP

Light

Photoperiod

C

C5 O2
C5 
CO2

C4b CO2
C4b O2

CO2 Addition

Leaks
Leaks

Air Add
Air Add

C4b O2 Objective(s)

C4b CO2 objective(s)

Control 
Strategy



COMMERCIAL APPLICATIONS



HYDROHM- Ghent Recreatie
Park



2020/2021 : Grey Water Recycling
2023: Grey Water + Yellow Water Recycling
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BELEM Agreement

Agreement 
MELiSSA /BELEM:
- Pilot demonstrators for 

grey, yellow and black 
water,

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

board .
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CimentAlgue

ÅCO2 removal,
Å2 Meu investment
ÅDesign of MELiSSA photo -bioreactors
ÅVICAT + ADEME
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French Guyana

Å Largest micro-algae production plant  in Europe

Å Design based on MELiSSA Photo-Bioreactors Know-how

Å Targeting several markets: biofuels, food, 

Å Investment of 4 Meu



42

Biofacades Paris XTU
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Microbial  Risk



EDUCATION



MELiSSAPhDs


