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Space Station Regenerative ECLSS
Flow Diagram (Baseline and Scarring)

Fire Detection

& Suppression

oxygen

Crew System

Potable  Hand Shower
Water  Wash/ Water

Dispenser Shaving
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ailiss | |- Context Analysis (3) Cesa
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0% < Solution studied - 100%

Resources = only from Challenges: Resources = only

launch loads * Recycled 02 >75% produced onboard
* Recycled water > 98%

Drawbacks = Heavy Drawbacks =

load at the start Evaluation of the solution: Technologically
ALISSE criteria impossible for now
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ais ) |- State of the art (1) Gesa
—

UPA Création d’eau distillée a Water
partir d’urine pré-traitée

_ WPA Produce potable water Water

ACLS Production of 02 from | Atmosphere from distilled and

co2 condensed water
ANITA Cabin atmosphere Atmosphere WRS  UPA + WPA Wate

Alillysl BPA Treats brine Water
MIDASS Verify cabin air quality | Atmosphere

(contaminations)

In space 3D Maintenance

OGA Produce 02 from water | Atmosphere additive impression

manufacturing




@l | |- State of the art (2) Cesa
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BIORAT 1 Regeneration of part of the ISS cabin air by = Food and atmosphere
capturing carbon dioxide (CO2) and
releasing back oxygen (02) and food
complement (proteins)

BIORAT 2 Urine nitrification Water

PFPU Tubers production Food

BELLISSIMA Waste recycling (feaces, paper, food) Wastes




lI- Methodology



/| j@8l8 1 ||- Needs and technical requirements €©sa

European Space Agency

Needs: Requirements:

* Derived directly from the needs and crucial step.
* Have to be fulfilled!
 Separated between design and functional requirements.

Water:
17.22 kg/day

—

Examples :
e Habitat volume of 200m3

Co, : * Possibility to shower regularly
1.2 kg/day

=]
* Assure quality of water/air/food
* Treat at least 4.18 kg of water per day

* Be capable to grow plants

ﬁpo
x N
[] o --
S
&

Liquid wastes:
1.28 kg/day 1.28 kg/day

Pt e




ALIiSSE
criteria

|I- Evaluation method (1) &esa

European Space Agency

————————————————————————1

F
I *  MASS
o  Material mass
o} tocks mass
Stock
I o  Logistic mass
* POWER
| o  Primary power (external and loaded sources)
I o Secondary power (electric, thermic and light)
o Tertiary power
|- EFFICIENCY
I o  Recycling rate (brut or effective)
o Numbers of cycles
[ o Self-sufficiency (in days)
I o Intensity of resource consumption

Advanced Life Support

System Evaluation

RISK
o  Functional I
o Linked to extreme environment |
o Forthe environment
CREW TIME I
o Handling I
o Training Material mass
o  Stocks mass I
o Logistic mass I
O [
[
J

Maintenance and repair
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| EFFICIENCY | ('\:/'ASS . |
. (X)) +7e(X) omputed by comparison
| Efficiency of the ECLSS: 5 l_to 1SS mass J|

|
|
|

. ' B wp (X)+ we(x)
| Recycling rate of the ECLSS: 1 T +re(x) |
|
|

| P: production term; r: resource term; w: | SAFETY/SECURITY
| waste term | Qualitative evaluation

_________ - —— - ——n
] POWER I | CREW TIME
| Computed by comparison | Qualitative evaluation
to ISS power consumption e EEEEEe=
|
LSpower = —0.46 P. + 20
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M Eis | lI- Sub-systems definition esa

> H
ﬁ i - European Space Agency

Périmeétre du systéme
avec recyclage
Ressources \
2 st

Supervision
Régulation
sw

* Water management
 Food management

e Atmosphere management
e Wastes management

Perturbations Récepteurs
'(brsoins) % Consommatenrs

S “Illre!l 2 : EOF d’un systéme circulaire
pine —\'3’-&: AR T, = SRESTGEcNs -




lIl- Results and discussion

13



b

Nyee = 0.91 (<98% !)
Low estimated efficiency of
the WPA (88%)
Continuous production of
wastes (WPA and BPA)
Yellow water pre-treatment

IIl- Subsystems’ analysis: Water (1) {sesa

produce potable water from liquid wastes fluxes.

European Space Agency

WATER sub-loop
Pre-treated urine
1.862kg/day/CM
Yellow water pre-treatment UPA |
Grey water Urine distillate\\
Yellow water 2.24kg/day/CM
1.9kg/day -2g/cay. 1.583kg/day  grine -
lv 0.279kg/day \
Latent WPA . BPA
WHS 2.0kg/day/CM 1 Jatent
4 & . 0.273 da
Hygiene water Urine WPA wastes kg/day Traces + membranes
2.64kg/day/CM 1.5kg/day/CM (salts) 0.006kg/day
731.8g/day/CM Oxygen
e/day/ 0.01kg/day
Water from food ! B
1kg/day/CM P ) Ca bm Liguid exchanges —»
Food Water H,0 Gas exchanges —k
. 5.366kg/day
preparation Drinking water _
1 2.59kg/day/CM Water H,0 v Water qualllltv Non recycled wastes —»
rehydration water 5.366kg/day contro
1kg/day/CM Water storage “ Bus Data exchange —»




I1I- Subsystems’ analysis: Atmosphere (2) {sesa

European Space Agency

produce the oxygen needed and absorb associated carbon dioxide emissions.

AIR sub-loop H, BOSCH
15.9g/day/CM
C0,4#2H, —» C+2H,0
- |
c CO Y
2

327.3g/day/CM
NRW H,0

* Important water consumption of 117.8g/day/CM - TP e oetsevicu .
the OGA sei ;éay/c\—l—lm i 125g/day/cM
. . » 0GA

e Continuous production of

2H,0 —»2H,+0,

1.2kg/day/CM

Water storage .—‘ CO, water recovery ‘

wastes through water treatment . hoe O,

. 3.6kg/da +air

N the WPA 393.:;;’“\( ’T;y‘ 58:€kgfday

. . . | LRA N -
e Production of solid carbon in the I p— f;:::,ff;
. 196.9kg/day/CM
BOSCH reaction A sample ———— — o o
' . Cabin’s atmosphere H 195‘7;,';::@,' 391.5kg/day/CM
e Surplus of dihydrogen in BOSCH co, 0, g/
1.2kg/day/CM 1 kg/day

reaction

Air gquality data Liquid exchanges —»

Gas exchanges —n

Non recycled wastes —»

Data exchange —»




@fies | 11- Subsystems’ analysis: Wastes (3) @esa
u WASTE sub-loop e haeney

Mon recycled wastes —»

. Food preparation as exchanges —» iquid exchanges —»
produce nutrients for the [Food prep | oo S
food loop from wastes. 4o co, Hy
l 104.8g/day/CM | 83.5g/day/CM T 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,

Yellow water |, - NRW waste
] 1900g/day/CM l l 144.25g/day/CM
* Production of CO2 and

Yellow water pre-treatment ‘ ‘

consumption of 02 in BIORAT?2 presveated e _ | o |

Compartment 2

) ) 1862g/day/CM o4t upA 238.2g/day/c o
e Continuous production of BIORAT2 i, 3 9.3g day/CM
3q_zg;éay;cml Ammonium oxidation [T
wastes to store Urea hydrolysis NH,* +1.5 O, — > HNO, + H,0 + 2 H* >
* Some wastes are not considered NHLCONH, +3 B0 —» 2 NH,* + HCO, + OF . S/
in this loop (no additive e J' l o i | i
. . . -g/aa Nitrite oxidation
manufacturing, hygienic HNO, +05 0, —» HNO,
protection, clothes...)
NRW waste o, 0, H,0in H,0 out
206.58g/day/CM 835s/dav/CMJ IZdiﬁg/daw’CM 89.3g/day/CM 34.2g/day/CM

NRW storage ‘ Cabin ‘ Water storage




biomass.

Offer a source of edible

e 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.

e Continuous production of
wastes to store.

l1l- Subsystems’ analysis: Food (4)

FOOD sub-loop

‘ Food preparation ‘

Yellow water
1900g/day/CM

Food storage

Input UPA

Pre-treat urine
1.862kg/day

r

NRW waste
HCO ;-
38.6g/day/CM
OH-
10.8g/day/CM
-
9.9g/day/CM co,
757.20g /day/CM
BIORAT2 ‘ ‘ Cabin atmosphere }7
-
H,0 o, 0,
55.1g/day/CM 170.54g /day/cM | | 79.4g/day/CM
Yellow water pre Water storage ‘
treatment
H,0 H,0 0,
1333g/day/CM | 46.95g/day/CM 352.54g/day/CM

BIORAT1

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

» *
CH 1566 00.4-05N0.19250.005 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

IN COOPERATION WITH

Space Agency




IN COOPERATION WITH

o oy ll- Closed loop (1) sesa

—
&5 ‘ European Space Agency
Solid exchanges Gas exchanges
Complete ECLSS loo
# | g/day/CM # [ g/day/CM P P —
1 2210 1 1000 ) Liquid exchanges —» Non recycled wastes —»
c H, (14
2 490 2 1200 Membranes Waste storage : Gas exchanges — Data exchange —»
3 123 3 196 900 +traces (1) NRW (2) BOSCH
4 123 4 352.4
5 1210 5| 7572 0,(15) H,(13) ] co,012)
H,0 (11) .
6 490 6 744 H0 (10) HO CO, water recovery ‘ H.0 (16) NRW )| Y. storage
7 60.5 7| 170.54 { WPA Water storage
8 400 8 245.6 - H,0 +C0,(13)  H,0 +air (14)
: 1Grey T4 Urine | Latent(7) Ho(17) H0(18) NRW (4)
9 90 9 83.5 water Distillate (8) Air water Wat .
10 261.46 10 10 (9) er storage
recove
1| 46.14 11| 195 700 i H0 (20)
12 38 12 1200 Cabin air (11)|  gehydration water|(19) et 1)
13 66.5 13 106.7 - _ en %
14 62.8 14 3.03 —— Alr quality data ‘ Peltier ‘ ‘ WPA ‘
15| 2642 15| 529 el Y'T‘”""'”E “‘“{:‘“ 3
ellow water
Liquid exchanges Food staorage
# | g/day/CM | 4 | g/day/CM Waste exchanges (3) Y =z
1 2590 16 981.8 # | g/day/CM — ‘ ‘
2 1500 17 | 391 500 1 60
3 2000 18 864 5 73173 . :
4 1900 19 1000 3 14495 | Compartment 1 Bellisima ‘ co(s)| fo.14)
5 1862 20 | 1055.7 1 140 0,9
6 279 21 1170 3 7465
7 273 22 1170 Compartment 2 ‘ ‘ PFPU ‘
8 1583 23 1333 0.8) 5
9 2240 24 46.9 0,(10) : €0,(7)
1(1] ‘ﬁgg ;2 fogfé o Cabin atmosphere Waste storage Water storage BIORAT1
127 393900 |27 2640 NRW (3) H,0 (26) H.0 (24) i 0,(6)
13 3600
14 | 587 200
15 2400




il lll- Closed loop (2) @esa

u eeeeeeeeeeeeeeeeeee

Overall balance of fluxes/stocks needed for a 1000 days mission:

Dry Food
4840 kg

Water
4527 kg

Dry Food
4618 kg



II-ALISSE evaluation (1) @esa

European Space Agency

Mass:
S~ - Total mass of the system: 4842 kg
@ - Most of the mass comes from BIORAT1 and PFPU :> Note: 6/10
subsystems
- Balanced with the loaded mass

account

Safety/Security:
- High impact of the Technology Readiness Level (TRL) :>
- Unsafety induced by the utilization of PFPU for most of the

fresh food (Efficiency favored)

Pt e

N\ Crew time:
)..' - Both repetitive tasks and one time operation taken into I:> Note: 7/10

Note: 4/10




s | Il ALISSE evaluation (2) ~ @esa

European Space Agency

Power:

o - Total score of 4.9 _
- Computed by estimation and scaling from existing :> Note: 4.9/10

demonstrator

Efficiency:

@ - Oxygen and hydrogen recycling rate I:> Note: 9.3/10

- Criteria that was given the advantage in many
compromises

jl> The most optimized criteria is efficiency, however there are still a lot of
improvements to do to make it a light and safe system.
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Ill- Conclusion @esa

European Space Agency

ISS Our
100%
0% project °

recycling recycling

Optimization possibilities:

- Improvement of technology efficiency

- Optimization of requirements and needs
- Refine hypothesis

- Improve ALISSE criteria definition

Pt e
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THANK YOU.

Gorce Blandine

Blandine.Gorce@esa.int

www.melissafoundation.org

Follow us on social networks

00000



	Diapositive 1
	Diapositive 2
	Diapositive 3
	Diapositive 4
	Diapositive 5
	Diapositive 6
	Diapositive 7
	Diapositive 8
	Diapositive 9
	Diapositive 10
	Diapositive 11
	Diapositive 12
	Diapositive 13
	Diapositive 14
	Diapositive 15
	Diapositive 16
	Diapositive 17
	Diapositive 18
	Diapositive 19
	Diapositive 20
	Diapositive 21
	Diapositive 22
	Diapositive 23
	Diapositive 24

