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Human Space Exploration: main challenges

Safety and protection for the crew. Radiation

Advanced Propulsion. Reduction of mission time 

Life support. Make the mission possible

Air revitalization

Water reutilization

Waste management

Food production and preparation

Main requirements for Human Space Exploration 
and life support systems.

Metabolic consumables: 5 kg/day/person, 6 crew members, 1000 days: 30.000 kg (without hygiene water)
Best launchers could only drop 9 tones … long-term missions need regenerative LSS



The MELiSSA Concept

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

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 a 
one person respiration
Production of food: at least 20% of a 
person requirements

With industry standards

Comp. IVb
and CV 

Control and 
supervision

Comp.
III and IVa

Analysis 
Laboratory

Comp I

Layout (214 m2)

Long-term continuous operation

Modelling and Control



The MELiSSA Pilot Plant: Clean room up-grade



Quality and Systems Engineering approach as 
working framework 

Suport Processes

Operational Processes

Management Processes
MP1

Activities, Financial 
resources and HHRR

OM

MP2
Facilities and Utilities 

TM

Strategic planning 
Resources

MP3
Quality, Safety and 

Environment 
Management System

QM

MP4
Knowledge 

Management and 
Communication

OM

OP1
Design and Develop 
subsystems for the 

MELiSSA loop

TM

OP2
Testing services for Assembly / 

Integration / Verification / Validation /
Qualification of life support systems

TM

OP3
Support to other 
MELiSSA related 

experiments

TM

Knowledge generated 
(documented information)

SP1

Facilities and 
Utilities

TM

SP2

Hardware, Software 
and Instrumentation

TM

SP3
Materials and services

TM

SP4

Purchase

QM

Customer  & Stakeholders Requirements 
Context

Customer and Satakeholders 
Satisfied

Hardware ready 
to operate

Operational
 environment

Strategic Planning
Resources

SOW
RFQ

Strategic planning 
Resources

Operational 
environment

Equiment Materials 
and services

Products/ Services 
from external parties

Lessons learned
Changes

QSE MS
Continuous 

Improvement 



Mixed thermophilic
anaerobic bacteria

C. IWastes
Volatile Fatty
Acids (VFA)
CO2

Waste recovery Stirred tank

Compartment I



Nitrosomonas europaea and
Nitrobacter winogradsky
(axenic co-culture, aerobic)

Nitrification 

NH4+

O2
NO3-C. III

Compartment III

Packed-bed bioreactor
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Compartment III: modelling
(L. Alemany, modelling session)
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Compartment III: preparing transition to urine
(M. Vilaplana, poster session)

Pseudomonas fluorescens
Comamonas testosteroni
Acidovorax delafieldii
Cupriavidus necator

Nitrosomonas europaea
Nitrobacter winogradskyi

Synthetic urine



Oxygen and Food production

Light
CO2

Biomass
O2

C. IVa

Limnospira indica, also known 
as Arthrospira platensis
(axenic culture)

Compartment IVa

Photobioreactor

PIC



Compartment IVa



Compartment IVa



Compartment IVa: new illumination system 
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Compartment IVb: new illumination system
(D. García, microalgae and photobioreactors session) 

Exp x1 x2 Q (L/h) LI (%)
1 -1 -1 28.79 19.17
2 1 -1 71.21 19.17
3 -1 1 28.79 86.13
4 1 1 71.21 86.13
5 1.41 0 80.00 52.65
6 -1.41 0 20.00 52.65
7 0 1.41 50.00 100.00
8 0 -1.41 50.00 5.30
9 0 0 50.00 52.65

10 0 0 50.00 52.65

11 0 0 50.00 52.65

12 0 0 50.00 52.65

13 0 0 50.00 52.65

Exp x1 x2 Q (L/h) LI (%)
1 -1 -1 28.79 19.17
2 1 -1 71.21 19.17
3 -1 1 28.79 86.13
4 1 1 71.21 86.13
5 1.41 0 80.00 52.65
6 -1.41 0 20.00 52.65
7 0 1.41 50.00 100.00
8 0 -1.41 50.00 5.30
9 0 0 50.00 52.65

10 0 0 50.00 52.65

11 0 0 50.00 52.65

12 0 0 50.00 52.65

13 0 0 50.00 52.65



Compartment IVb

Higher plants: lettuce, beet, 
wheat

Light
CO2

Biomass
O2

C. IVa

Oxygen and Food production Plant Chamber



Compartment IVb up-grade



Animal IsolatorCrew mock-up

O2

Feed
Wastes
CO2

C. V

Compartment V

Laboratory Wistar rats



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

Integration logic based on the 
most advanced compartments in 
terms of knowledge, model and 
control

PIC
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Integration of compartments: CIVa + CV 
connection by gas phase 



Light and Oxygen evolution in CIVa and CV compartments

Integration of compartments: CIVa + CV 
connection by gas phase 

from L. Alemany et al,. Biochemical Engineering Journal, 151:107323 (2019)



WP6: integration of compartments: CIII + CIVa
+ CV, gas+liquid. 

P
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C
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WP6: integration of compartments: CIII + CIVa + 
CV, gas+liquid. (E. Peiro, Ground demonstration session)



Control architecture for the loop
(C. Ciurans, poster presentation)

Designing a hierarchical control structure for the MELiSSA
Pilot Pant



Integration of MPP: future steps

Integration of Higher Plant Chamber (gas and liquid phase)

Operation with urine  

Harvest system for Limnospira indica (solid-liquid separation) 

Integration of waste degradation technology

Final demonstration of the complete loop



Integration of MPP: future steps
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MELiSSA: from concept to a solid reality 
through a collaborative effort
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