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The MELISSA Concept )
—

MELISSA is inspired in a natural ecosystem to perform the most relevant biological functions in
iIndividual compartments (bioreactors and higher plant chambers), in continuous and controlled
operation, to provide life support in Space in long-term human missions
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The MELISSA Pilot Plant

Main objectives Layout (214 m?)

Integration and demonstration of the ;
MELISSA concept at pilot scale

Technology demonstration:

* In ground conditions

 With an animal crew

12,00m

« With industry standards
« Long-term operation

* Modelling and Control

Production of Oxygen: equivalent to one = Isks Y %

humman respiration

Production of food: at least 20% of a person Comp.
requirements £ i A

Analysis
Laboratory
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Integration Strategy: C3/C4a/C5 =esa UNB

Top requirements for the MELISSA Pilot Plant

* Progressive demonstration of MELISSA concept : :
Integration logic based on the most

advanced compartments in terms of
knowledge, model and control

« Stepwise Integration

!

« Capitalization of knowledge

Gas Gas
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Nitrification Nitrosomonas europaea and Packed-bed bioreactor
Nitrobacter winogradsky
(axenic co-culture, aerobic)
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BIOPROCESS ‘D) University
TECHNOLOGY of Antwerp
SNC-LAVALIN

C3 : Nitrification Minerals C2 : PhotoHeterotrophy
Ammonium
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Compartment 4a
s

Oxygen and Food production Limnospiraindica, also known Photobioreactor
as Arthrospira platensis

(axenic culture) M De Dietrich &,

PROCESS SYSTEMS

Biomass
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Compartment 5
s

Animal isolator

Wistar rats

Crew mock-up

]
.

HOSOKAWA MICRON

O, Wastes
Feed ¢S5 CO,

C1: Thermophilic
anaerobic Bacteria

-

o
=}
(=3

' Fatty Acids
nerals
Monjum
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C3 : Nitrification M‘ inerals C2 : PhotoHeterotrophy
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Integration of C3 + C4a + C5, gas and liquid
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Integration of C3 + C4a + C5, gas and liquid

Ammonium loads:

mode 1, low Operation flow-rates
mode 2, high

Biomass




Mode 1: C4a and C5 O, and CO, in gas ¢-esa UNB
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Mode 1: Nitrogen in C4a liquid ¢-esa UNB
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Mode 1. Carbon in C4a liquid
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Mode 2: C4a and C5 O, and CO,in gas cesa UNB
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Mode 2: C4 O, production and illumination g=esa UNB ME@M
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Mode 2: C4a Biomass evolution ¢-esa UNB
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Mode 2: Nitrogen in C4a liquid d-esa UNB
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Mode 2: Carbon in C4a liquid d-esa UNB
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Compartment C4b: batch culture




Compartment C4b: batch culture
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Compartment C4b: staggered culture

Number of days in the HPC

WTevery [0z |7 |7 |7 |7 |14 |14 |14 |14 |24 [22] 22] 21] 21| 21 [280)280]280 280280

7 days
Age of plants in HPC

9 days old<
seedling 16| 16| 16| 16| 16 |23 (23 |23 |23 |23 | 30| 30| 30| 30| 30|37 |37 |37 |3/ |3/




Compartment C4b: staggered culture &&@esa UnB | N g
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Carol Arnau presentation on HPC characterization (Day 2, Room 1)

Carles Ciurans presentation on HPC integration design (Day 2, Room 3)



Integration of MPP: next steps &&esa UNB || 1S !

Harvest system for Limnospira indica
Integration of waste degradation technology

Final demonstration of the complete loop
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Evolution to a Human Rated Falicity

anaerobic Bacteria

C4A : MicroAlgae C4B : Higher
Plants

,1/ and PhotoBioreactor

C2 : PhotoHeterotrophy

Minerals
Ammonium

C3 : Nitrification
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Evolution to a Human Rated Falicity

Full demonstration of MELISSA technology with humans in the loop

Integration and testing of additional technologies

Partnering with other relevant actors in the field

Become a reference facility for regenerative LSS ground demonstration with humans
Progressive scenarios of closure, from more simple to more complex

Safety for humans and risk assessment. Assessment by CNES experts and follow-up
by an Ethical Committee

Isolation campaigns simulating the conditions of a human Space mission
Feeding of the human based on MELISSA recipies

Monitoring of human physiology and health

Call for “MELISSA Astronauts”: increase public interest in MELISSA



Evolution to a Human Rated Falicity
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Evolution to a Human Rated Falicity

Schedule

Activity Year 1 Year 2 Year 3

Enlargement of the Pilot Plant Laboratory

Intensification of hardware: new nitrification compartment
intensification of hardware: new microalgae compartment
Gas interface (02/CO2 capture/enrichement)

Human habitat module

Habitat HVAC and appliances

Higher Plants module

Trace Contaminants Monitoring and Control

Health monitoring

Control and supervision system

Interfaces with MPP core facility
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MELISSA: from concept to a solid reality through a collaborative effort

The MELISSA Pilot Plant was dedicated
on April 26th, 2011 to

Claude Chipaux (1935-2010),

Founder of the MELISSA Project,
As a tribute to his visionary and pioneering contribution
in the field of Closed Life Support Systems
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