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Main requirements for Human Space Exploration 

and life support systems.

Human Space Eploration main challenges

Safety and protection for the crew. Radiation

Advanced Propulsion. Reduction of mission time 

Lifef support. Make the mission posssible

Air revitalization

Water reutilization

Waste management

Food production and preparation







Environmental Control and Life support in ISS

and beyond

ISS current life support and environmental control 

Open system. No food generation or waste 

treatment. Supply from Earth

O2 generation

CO2 capture

Water reclamation

Trace contaminants control

Metabolic consumables: 5 kg/day/person, 6 crew members, 1000 days (Mars mission): 30.000 kg

Including hygiene issues (20 kg/day/person): 132.000 kg

This is a too high mass for a mission … long-term missions need regenerative LSS



The MELiSSA Concept: engineering a closed 

ecosystem

MELiSSA approach is to perform the most relevant biological functions of an ecosystem in individual

compartments (bioreactors and higher plant chambers), in continuous and controlled operation



The MELiSSA Pilot Plant: technology 

demonstration and integration

Comp. IVb

and CV 
Control and 

supervision

Comp.

III and IVa

Analysis 

Laboratory
Comp I

Main objectives

Integration and demonstration of the 

MELiSSA concept at pilot scale

Technology demonstration:

In ground conditions

With an animal crew

Production of Oxygen: equivalent to  

one person respiration

Production of food: 20-40 % of a 

person requirements

With industry standards

Layout (214 m2)

Long-term continuous operation

Modelling and Control



The MELiSSA Pilot Plant (MPP)

Function in the loop

C. IWastes
Volatile Fatty 

Acids (VFA)

CO2

Biological component

Mixed culture of 

thermophilic anaerobic 

bacteria

Technology

Waste Preparation Unit (WPU). Raw

materials

- Plant material (lettuce, wheat straw,

beet)

- Toilet paper

- Human faeces

COMPARTMENT I II III IVa IVb V 

100 L



The MELiSSA Pilot Plant (MPP)

Function in the loop

NH4
+

O2

NO3
-

Biological component

Nitrosomonas europaea

Nitrobacter winogradskyi

(Axenic co-culture, aerobic)

Technology
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The MELiSSA Pilot Plant (MPP)

Function in the loop

Light

CO2

Biomass

O2

Biological component

Arthrospira platensis

(axenic culture)

Technology

COMPARTMENT I II III IVa IVb V 

PIC
C. IVa

83 L



The MELiSSA Pilot Plant (MPP)

Function in the loop

Light

CO2

Biomass

O2

Biological component

Higher plants

(letuce, beat,wheat)

Technology

COMPARTMENT I II III IVa IVb V 

Amstrong

Engineering

C. IVb



The MELiSSA Pilot Plant (MPP)

Function in the loop

O2

Feed
Wastes

CO2

Biological component

Laboratory Wistar rats 

Technology

COMPARTMENT I II III IVa IVb V 

C. V



Integration Strategy: C. III / C. IVa / C. V

Top requirements for the MELiSSA Pilot Plant

1/ Progressive demonstration of MELiSSA concept

2/ Stepwise integration

3/ Capitalization of knowledge

First integration steps based on 

the most advanced 

compartments in terms of 

knowledge, model and control

Integration WP1 Integration WP3 Integration WP4 Integration WP6
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WP1 integration. CIVa + CV connection by gas 

phase 

 Continuous gas phase connection

CIVa-CV at different conditions in CV

(set points of % O2)

 CIVa illumination adjusted by the

control system to produce the oxygen

necessary to maintain set-point of O2 in

CV, according to the knowledge model

linking O2 production and illumination



WP1 integration. Experimental results.

CIVa + CV sequential test

C.V Oxygen 

concentration

Control 

System I

Control 

System II

C.IVa

Light

Oxygen – Light control system

The system response to CV oxygen set point changes is

consistent in the range tested.

Light and Oxygen evolution in CIVa and CV compartments

C.IVa Oxygen 

production



WP4 integration. CIII + CIVa connection by 

liquid phase and CIVa + CV by gas phase



20 L·day-1: Steady state (3RT) 21% 19% 20% 21%

WP4 integration. CIII + CIVa connection by 

liquid phase and CIVa + CV by gas phase

 All compartments operating in continuous mode and connected

for several months

 Dynamic and static operation under control system fully

demonstrated

30 L·day-1: Steady state (3RT) 21% 19% 20% 21%



MELiSSA Pilot Plant: a team effort
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MELiSSA: from the concept to a solid reality 

through a collaborative effort


