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I- Context
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I- Context Analysis (1)

Crewed space missions Ą the challenges: 

- Space vehicle

- Instruments reliability

- Wastes reusability 

Needs: 

ECLSS (Environment Controlled Life Support 
System)

Ą As autonomous as possible
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I- Context Analysis (2)

Project MELiSSA(Micro-EcologicalLife Support System Alternative)

Å Transforma spaceshipinto a closedecosystem

Å Allowsurvivalof a crewwithout regularreloadingof resourcesfrom Earth.
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Project of our team: preliminary conceptual design of a life support system

Mission towardsMars in the followingconditions: 

1000 days 4 astronauts 200m3 habitat 



I- ContextAnalysis(3)

Focus of the closedloop: autonomy
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0%
Resources= only from
launch loads

Drawbacks = Heavy 
loadat the start

100%
Resources= only
producedonboard

Drawbacks = 
Technologically
impossible for now

ă Solution studiedĄ
Challenges: 
Å RecycledO2 > 75%
Å Recycledwater > 98%

Evaluation of the solution: 
ALiSSEcriteria



I- State of the art (1)

Systemsand TechnologyDemonstratorsusedonboardISS:
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ACLS Production of O2 from
CO2

Atmosphere

ANITA Cabinatmosphere
analysis

Atmosphere

MIDASS Verifycabinair quality
(contaminations)

Atmosphere

OGA ProduceO2 from water Atmosphere

UPA /ǊŞŀǘƛƻƴ ŘΩŜŀǳ ŘƛǎǘƛƭƭŞŜ Ł 
ǇŀǊǘƛǊ ŘΩǳǊƛƴŜ ǇǊŞ-traitée

Water

WPA Produce potable water 
from distilled and 
condensed water

Water

WRS UPA + WPA Wate

BPA Treats brine Water

In space
additive 
manufacturing

3D 
impression

Maintenance



I- State of the art (2)

Technologies developedby MELiSSA:
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BIORAT 1 Regenerationof part of the ISS cabinair by 
capturingcarbondioxide(CO2) and 
releasing back oxygen(O2) and food
complement(proteins)

Food and atmosphere

BIORAT 2 Urine nitrification Water

PFPU Tubersproduction Food

BELLISSIMA Waste recycling(feaces, paper, food) Wastes



II- Methodology
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II- Needs and technical requirements
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CO2 :

1.2 kg/day

O2 :

1 kg/day
Water: 
17.22 kg/day

Food:
2.7 kg/day

Solid wastes: 
1.28 kg/day

Liquid wastes: 
1.28 kg/day

Needs: Requirements:

ÅDerived directly from the needs and crucial step.
ÅHave to be fulfilled!
ÅSeparated between designandfunctional requirements.

Examples :
Å Habitat volume of ςππά
Å Possibility to shower regularly

Å Assure quality of water/air/food
Å Treat at least 4.18 kg of water per day
Å Be capable to grow plants



II- Evaluation method (1)
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AdvancedLife Support 
System Evaluation

Å MASS
o Material mass
o Stocks mass
o Logistic mass

Å POWER
o Primary power (external and loaded sources)
o Secondary power (electric, thermic and light)
o Tertiary power 

Å EFFICIENCY
o Recycling rate (brut or effective)
o Numbers of cycles
o Self-sufficiency (in days)
o Intensity of resource consumption

ALiSSE 
criteria

Å RISK
o Functional 
o Linked to extreme environment
o For the environment

Å CREW TIME
o Handling 
o Training Material mass
o Stocks mass
o Logistic mass
o Maintenance and repair



II- Evaluation method (1)
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MASS
Computed by comparison 
to ISS mass 

POWER
Computed by comparison 
to ISS power consumption
Ὓ πȢτφὖ ςπ

EFFICIENCY

Efficiency of the ECLSS: 

Recycling rate of the ECLSS: ρ

P: production term; r: resource term; w: 
waste term

CREW TIME
Qualitative evaluation

SAFETY/SECURITY
Qualitative evaluation



II- Sub-systems definition
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Å Watermanagement
Å Food management
Å Atmosphere management
Å Wastes management



III- Results and discussion
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III- SubsystemsΩanalysis: Water (1)
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Challenges: 
Å ʂ πȢωρ(<98% !)
Å Low estimated efficiency of 

the WPA (88%)
Å Continuous production of 

wastes (WPA and BPA)
Å Yellow water pre-treatment

Objective:produce potable water from liquid wastes fluxes.



III- SubsystemsΩanalysis: Atmosphere (2) 
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Challenges: 
Å Important water consumption of 

the OGA
Å Continuous production of 

wastes through water treatment 
in the WPA

Å Production of solid carbon in the 
BOSCH reaction

Å Surplus of dihydrogen in BOSCH 
reaction

Objective:produce the oxygen needed and absorb associated carbon dioxide emissions.



III- SubsystemsΩanalysis: Wastes (3)
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Challenges: 
Å Production of CO2 and 

consumption of O2 in BIORAT2
Å Continuous production of 

wastes to store
Å Some wastes are not considered 

in this loop (no additive 
manufacturing, hygienic 
ǇǊƻǘŜŎǘƛƻƴΣ ŎƭƻǘƘŜǎΧύ

Objective:produce nutrients for the 
food loop from wastes.



III- SubsystemsΩanalysis: Food (4)
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Challenges: 
Å Limited to 50% of the daily 

needs of the astronauts 
(possibility to stored at the 
beginning of the mission)

Å Important water consumption 
by PFPU and BIORAT 1. 

Å Continuous production of 
wastes to store.

Objective:Offer a source of edible 
biomass.



III- Closedloop (1)
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