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The MELiSSA Concept

MELiSSA is inspired in a natural ecosystem to perform the most relevant biological functions in 

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

operation, to provide life support in Space in long-term human missions



The MELiSSA Pilot Plant

Main objectives

Integration and demonstration of the 

MELiSSA concept at pilot scale

Technology demonstration:

Å In ground conditions

ÅWith an animal crew

ÅWith industry standards

Å Long-term operation

Å Modelling and Control

Production of Oxygen: equivalent to one 

humman respiration

Production of food: at least 20% of a person 

requirements
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and 5 
Control and 

supervision
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Layout (214 m2)



Quality and Systems Engineering



ÅProgressive demonstration of MELiSSA concept

ÅStepwise Integration

ÅCapitalization of knowledge

Integration logic based on the most 

advanced compartments in terms of 

knowledge, model and control
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Integration Strategy: C3/C4a/C5

Top requirements for the MELiSSA Pilot Plant

C3 C4a C5



Nitrosomonas europaea and

Nitrobacter winogradsky

(axenic co-culture, aerobic)

Nitrification Packed-bed bioreactor
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+
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Oxygen and Food production Limnospira indica, also known 

as Arthrospira platensis

(axenic culture)

Photobioreactor
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Compartment 5

O2

Feed
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Crew mock-up Wistar rats Animal isolator

C5



Integration of C3 + C4a + C5, gas and liquid
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Integration of C3 + C4a + C5, gas and liquid

PIC

Biomass

O2

CO2NO3
-

NH4
+
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Operation flow-rates

Ammonium loads:

mode 1, low

mode 2, high
Oxygen set-points



20 L/d 30 L/d 40 L/d 50 L/d

Mode 1: C4a and C5 O2 and CO2 in gas 



Mode 1: C4 O2 production and illumination 

20 L/d 30 L/d 40 L/d 50 L/d

157 W/m2 97 W/m2 83 W/m2 81 W/m2
Average light 

intensity



Mode 1: C4a Biomass evolution

20 L/d 30 L/d 40 L/d 50 L/d

1.79 g/L 1.15 g/L 0.90 g/L 0.71 g/L 
Average

Biomass



Mode 1: Nitrogen in C4a liquid 

20 L/d 30 L/d 40 L/d 50 L/d
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Mode 1: Carbon in C4a liquid 

Time (day )
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Enrichement of O2 in gas phase for Mode 2



Mode 2: C4a and C5 O2 and CO2 in gas 

900 ppm/d 1200 ppm/d 1450 ppm/d



Mode 2: C4 O2 production and illumination 

900 ppm/d 1200 ppm/d 1450 ppm/d

115 W/m2 130 W/m2 165 W/m2
Average light 

intensity



Mode 2: C4a Biomass evolution

900 ppm/d 1200 ppm/d 1450 ppm/d

0.96 g/L 1.10 g/L 1.21 g/L
Average

Biomass



Time (day)
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N-load: 1450 ppm/ dN-load: 900 ppm/ d N-load: 1200 ppm/ d

Mode 2: Nitrogen in C4a liquid 

900 ppm/d 1200 ppm/d 1450 ppm/d
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Mode 2: Carbon in C4a liquid 
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Compartment C4b upgrade 



Compartment C4b: batch culture  



Compartment C4b: batch culture 



Compartment C4b: staggered culture 

14 14 14 14 147 7 7 7 7 28 28 28 28 2821 21 21 21 21
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Age of plants in HPC

Number of days in the HPC

H/T every

7 days

9 days old

seedling


