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IN COOPERATION WITH

- Context Analysis (1) Cesa

European Space Agency

Space Station Regenerative ECLSS
Flow Diagram (Baseline and Scarring)

Fire Detection

& Suppression

Crew System

al

Potable  Hand Shower
Water  Wash/ Water
Dispenser Shaving
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» |- Context Analysis (2) Gesa

European Space Agency

ProjectMELiISSAMicro-Ecologicalife Support System Alternative)

A Transforma spaceshipnto a closedecosystem
A Allowsurvivalof acrewwithout regularreloadingof resourcesfrom Earth

Project of our team: preliminary conceptual design of a life support system

MissiontowardsMars in thefollowingconditions:
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s\ |- ContextAnalysig3) Cesa
s

European Space Agency

—

0% a SolutionstudiedA 100%

Resources onlyfrom || Challenges Resources only

launchloads A Recycled?2 > 75% producedonboard
A Recycledvater > 98%

Drawbacks = Heavy Drawbacks =

load at the start Evaluation of the solution Technologically
ALiSSEriteria impossible fomow
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@) |- State of the art (1) Cesa
s

European Space Agency

UPA / NBIF GA2Y RQS Water
LIJ- NI A NJ RatédeNR

WPA  Produce potable water Water

ACLS Production of OZrom | Atmosphere from distilled and

CO2 condensed water
ANITA  Cabinatmosphere Atmosphere WRS  UPA + WPA Wate
S BPA  Treats brine Water
MIDASS  Verifycabinair quality = Atmosphere
(contaminations)
In space 3D Maintenance
OGA ProduceO2from water = Atmosphere additive impression

manufacturing
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@) |- State of the art (2) Cesa

' European Space Agency

BIORAT 1 Regeneratiorof part of the IS8abinair by Food andatmosphere
capturingcarbondioxide(CO2) and
releasing backxygen(O2) andood
complement(proteins)

BIORAT 2 Urine nitrification Water
PFPU Tubersproduction Food
BELLISSIMA Wasterecycling(feaces paper food) Wastes
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|I- Methodology



Water:
17.22 kg/day

—

NG ol —
5 ‘ CO,:
— 1.2 kg/day
i : : Liquid wastes:
Solid wastes:
1.28 kg/day 1.28 kg/day

M (@85S A |1- Needs and technical requirement&©sa

European Space Agency

Requirements:

ADerived directly from the needs and crucial step.
AHave to be fulfilled!
ASeparated betweedesignandfunctionalrequirements

Examples :
Habitat volume of 1t

Possibility to shower regularly

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

o I I T I
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|I- Evaluation method (1

IN COOPERATION WITH

European Space Agency

F
IA MASS
o Material mass

0 tocks mass
Stock
I 0 Logistic mass
A POWER
ALISSE | o Primary power (external and loaded sources)
. . I o Secondary power (electric, thermic and light)
criteria o Tertiary power
| A EFFICIENCY
| 0 Recycling rate (brut or effective)
0 Numbers of cycles
| o Selfsufficiency (in days)
I o0 Intensity of resource consumption
AdvancedLife Support

SystemEBvaluation

A RISK

o)
o)
o)

A CREWTIME

O O O o O

Functional |
Linked to extreme environmen|
For the environment

Handling

Training Material mass
Stocks mass

Logistic mass
Maintenance and repair




II- Evaluation method (1§esa

European Space Agency

_______________________ 1
| EFFICIENCY | MASS o
| Effici f the ECLSS: j Computed by comparison

iciency of the SS—— I_to 1SS mass !

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

|
|
| |
Recycling rate of the ECLBS: ]
I SAFETY/SECURITY

|

| waste term | Qualitative evaluation |
————————— 1 ———— ===
| POWER I | CREW TIME

| Computed by comparison | Qualitative evaluation |
| {0 ISS power consumption T T T T T T 77
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i) |- Sub-systems definition Gesa

> H
ﬁ i - European Space Agency

Périmeétre du systéme
avec recyclage
Ressources \
2 st

Supervision
Régulation

A Watermanagement

A Foodmanagement

A Atmospherenanagement
A Wastesnanagement

Perturbations Récepteu“
i '("""’"") Consommateurs




I Results and discussio



A
A
A
A

S T80 (< 98% )

Low estimated efficiency o
the WPA (88%)
Continuous production of
wastes (WPA and BPA)
Yellow water prdreatment

produce potable water from liquid wastes fluxes.

I Subsysten@analysis: Water (1) esa

European Space Agency

WATER sub-loop

Pre-treated urine
1.862kg/day/CM

Yellow water pre-treatment

UPA

™.

BPA

Traces + membranes
0.006kg/day

Grey water Urine distillate
Yellow water
1.9kg/day 2.24kg/day/CM 1.583kg/day M
l‘r 0.279kg/day
Latent WPA PR
WHS 2.0kg/day/CM | latent
A4 | 0.273 kg/da
Hygiene water Urine WPA wastes ke/day
2.64kg/day/CM 1.5kg/day/CM (salts)
731.8g/day/CM Oxygen
8/day/ 0.01kg/day
Water from food ! B
1kg/day/CM P j Cabin
Food Water H,0
. 5.366kg/day
preparation Drinking water
1 2.59kg/day/CM Water H,0 + Water qu&;"tv
rehydration water 5.366kg/day contro
1kg/day/CM Water storage |+ Bus | —

Liguid exchanges —»

Gas exchanges —k

Non recycled wastes —»

Data exchange —»




% ) 1l Subsysten@analysis: Atmosphere (gFesa

European Space Agency

produce the oxygen needed and absorb associated carbon dioxide emissi

AIR sub-loop H,
15.9g/day/CM BOSCH
€O,+2H, —» C+2H,0
¢ co,
327.3g/day/CM 1.2kg/day/CM
. NRW H,0
A Important Water consu mpt|0n Of 117.8g/day/CM W‘ 981.8g/day/CM ;

the OGA 864g?i§aoy/CM 1_12;‘;2”“ 125g/day/CM
. . » OGA
A Continuous production of Woter storage Orvmterresovey | |2 —ssneo,
wastes through water treatment e h0s o,

3.6kg/day H,0 + air

In the WPA 393.:;:}“;« —‘CCRA 587.2 kg/day
A Production of solid carbon in the L | Airwater

BOSCH reaction | ey
) ) Cabin’s atmosphere 195“;;:,';:;{“,'1 391.5k:}doanyM
A Surplus of dihydrogen in BOSCF —

1.2kg/day/CM o Lke/day

reaction

Air gquality data Liquid exchanges —»
Gas exchanges —n

Non recycled wastes —»

Data exchange —»




produce nutrients for the
food loop from wastes.

A Production of CO2 and
consumption of O2 in BIORAT?2

A Continuous production of
wastes to store

A Some wastes are not considered
in this loop (no additive
manufacturing, hygienic

LINPGSOUA2Y T Of 21

WASTE sub-loop

‘ Food preparation ‘

Yellow water |,

1900g/day/CM l

Mon recycled wastes —»

Gas exchanges — liquid exchanges —»

H,0 co, H,
104.8g/day/CM 83.5g/day/CM 3.03g/day/CM

Compartment 1 Bellisima
CH, ¢Opa +0.46 H,0 —» 0.85 CH,0q 45 +0.15 CO, + 0.11 H, + 0.2 NH,

NRW waste
144.25g/day/CM

Yellow water pre-treatment ‘

Pre-treated urine

0, NI
238.2g/day/C|

‘ Compartment 2

1862g/day/CM
Input UPA 1o
89.3g /day/CM
BIORAT2 H,0 - . — | g /day/!
3q_zg;day;cml Ammonium oxidation —
- NH;" +1.5 O, — HNO, +H,0+ 2 H" > H*
Urea hydrolysis 0,98/ dag/CM

NH,CONH, +3 H,0 — 2 NH,* + HCO, + OH

HCO, OH-
38.6g/day/CV 10.8g/day/CM

0,
79.4g/day/CM i

Nitrite oxidation
HNO, +0.5 0, —» HNO,

NRW waste Co, o
206.58g/day/CM 83.5g/day/CM

NRW storage

5 H,0in H,0 out
245.6g/day/CM 89.3g/day/CM 34.2g/day/CM
‘ Cabin ‘ Water storage

Il Subsystentanalysis: Wastes (3sesa

>pace Agency




Offer a source of edible
biomass.

Limited to 50% of the daily
needs of the astronauts
(possibility to stored at the
beginning of the mission)
Important water consumption
by PFPU and BIORAT 1.
Continuous production of
wastes to store.

I Subsystenanalysis: Food (4) @esa

FOOD sub-loop

‘ Food preparation ‘

Food storage

Space Agency

NRW waste
HCO
38.6g/day/CM
OH-
10.8g/day/CM
W
9.9g/day/CM co,
757.20g /day/CM
BIORAT2 ‘ ‘ Cabin atmosphere }7
Yellow water H,0 co 0,
1300g/day/CM 55.1g/day/CM 170.58g/day/cm | | 79-4g/day/cM
Input UPA L
Pre-treat urine Yellow water pre- Water storage ‘
1.862kg/day treatment
H,0 H,0 0,
1333g/day/CM | 46.95g/day/CM 352.54g/day/CM

v

BIORAT1

CO, + 0.673H,0 + 0.192HNO; + 0.005H,50, + 0.006H;PO,

» *
CH 1566 OO.MSNU.IQZSO.OUS PD.U[JS + QP 02

PFPU
S

Nutriment module

Diluted HNO, H,0
261.46g/day/CM 1333g/day/CM
l T ]
¥ vy v Iy
Root module Root module Root module Root module
Potatoes Spinach Mushrooms Strawberries




| L Il Closedloop (1) @esa




