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Main requirements for Human Space Exploration /#-@gg UFB “fi‘
and life support systems. nvrsa Autonom de Barcslons

Human Space Exploration: main challenges

——= Trace Contaminants

Safety and protection for the crew. Radiation

— Heat{11.82)
s (0, (0,998
=+ Raspired/Perspired H,0 (2.227)

0, [0.835) —&
Advanced Propulsion. Reduction of mission time Potable H;0 (3,009 —

Food (0617 =—t
Life support. Make the mission possible

Air revitalization

—= Urine Hy0 [1.888)
—= Urine Solids {0.058)
—t Swreat Solids (0.018)
——> Fecal Solids (0.032)
— Facal H,O (0.081)

Water reutilization H,
Hygiens Ho0 [0.67- 25.58)

Waste management

Figure 1. Human Consumable and Throughput Values in kgior

: : M.J bar'd
Food production and preparation yersnmemberaay

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
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The MELiSSA Concept ‘cesa Urs i
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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

Non Edible Parts of Higher Plants

COMPARMENT IV

Volatile
IVB |VA
) Photoautotrophic fatty
Higher Plant Bacteria acids

J
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s @ PHOTOHETEROTROPHY

Compartment

Arthrospira platensis

Minerals

NH,"

COMPARTMENT Il
Photoheterotrophic Bacteria

COMPARTMENT Il

Nitrifying Bacteria
Nitrosomonas
Nitrobacter

NH4+ (Volatile fatty Acid) (:.':02

‘ ANOXYGENIC FERMENTATION

NH,*
T

Minerals

Rhodospirillum rubrum

’L MICRO-ECOLOGICAL LIFE SUPPORT Si'S T EAMECASESIRERREN AT IBVEE

Fibre
degradation
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The MELIiSSA Pilot Plant -esa _UnB s

Universitat Autdbnoma de Barcelona

Main objectives Layout (214 m?)

L 9,00m

Integration and demonstration of the T — ] | ém =] o i
MELISSA concept at pilot scale S
=4 9D osom-ll_feo — . | . . — g_ é
Technology demonstration: . — 0O ) 5
([
In ground conditions | sl s °
With an animal crew L il ] \:) = e b=l |
o | = L ~ 19 9C)
With industry standards _ )
_ _ il SAS [ v oo
Long-term continuous operation
Modelling and Control ) = - %
SAS2 .

: : /)
Production of Oxygen: equivalent to a = =] = 1 = T ]
one person respiration i ] o] B
Production of food: at least 20% of a Comp. IVb Comp. _Control and - Analysis

person requirements and CV lll and IVa supervision Laboratory
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Quali_ty and Systems Engineering approach as &S&; UrnB
working framework
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anaerobic bacteria

Volatile Fatty UNIVERsnEn GPHS
Wastes C.1 Acids (VFA)
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Compartment Il f-@sa UrB oo
Nitrosomonas europaea and Packed-bed bioreactor
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Nitrification
Nitrobacter winogradsky

(axenic co-culture, aerobic) @3:53:;?5:555 o)
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Non Edible Parts of Higher Plants
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Packed bed

Compartment lll: modelling
(L. Alemany, modelling session)
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(M. Vilaplana, poster session)

Non Edible Parts of Higher Plants ( \
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[ Synthetic urine J Q )

COMPARMENT IV .
Volatile

Vs

I
Vg  rourm o i
Compartment Arthrospira platensis A con N|‘|’|‘(|Fl:|:’5" o Nitrogen Balance Reactor | f;i"cg.i”“"" v
NHS component | Concentration [g/L] 62‘5 l l: ‘ | CONFINMENT: VERYHIGHT | {=40H (2.5%Total \ aoH(s% ) v
) Salts 520 A : asmeon L e o1
o, Sodium chloride 0.500 a0 ?
Potassium chloride 0.100 ”
Calcium chloride dihydrate 0.069 2 30
Magnesium sulphate heptahydrate 0.105 E 320
Potassium dihydrogen phosphate 0.190 £
Di-potassium hydrogen phosphate 0.240 z 200
Nitrogen compounds -
Ammonium sulphate 0.217 w
Urea 1.400 %0
Urea Ammonium Nitrite Organics ’
hydrolysis oxidation oxidation Creatinine 0.469 Time (Days)
Hetefotl’ophs AOB NOB Citric acid 0.1 62 —=—N-NH4+ outflow N-NO2- —e—N-NO3- =—Total N inflow =+—N-urea outflow
Hlppu ric acid 0.170 BATCH ﬁ‘;;&z’;)ﬁml Nitrogen Balance reactor 2
v # k- . . Amino aCids o i CONFINMENT:VERVHIGH’ . i | | 1=20H (5% Total o2
urea I\l : | 4 N ( ) 2 N ( ):)) RMPI 1640 amino acid solution (50%) 25 ml/L o | f o {-20H (2.5% Total N, 2.5% COD) :ﬁ.,sxéom ot
Glycine 0.032 o - ot
L-cysteine 0.033 w0 o
L-histidine 0.026 _0 -
COD removal L-glutamine 0.023 s \ - e
Heterotrophs Trace elements Concentration [ug/L] g - o1 §
F\ Iron (1) sulphate heptahydrate 50 z B : AR 008 °
Zinc sulphate heptahydrate 31 £ , 006
CcOD C02 Copper (II) chioride dihydrate 27 w0 ) :
Ammonium heptamolybdate tetrahydrate 77 © \/}\w‘w oo
Nickel (Il) sulphate hexahydrate 22 2 [y ; ‘
Aluminium potassium sulphate 70 s © ' . - . s’

Time (Days)
—o—N-NO3- N-NO2- —o—N-NH4+ outflow —e—N-Urea outflow ——Total N inflow



Compartment IVa

Oxygen and Food production

Light IV Blomass

Non Edible Parts of Higher Plants

Fibre
degradation

COMPARTMENT |
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Limnospira indica, also known

as Arthrospira platensis
(axenic culture)
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Photobioreactor

De Dietrich A\
PROCESS SYSTEMS v
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Compartment IVa: new illumination system
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(D. Garcia, microalgae and photobioreactors session) (| FAsEAL
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Compartment IVb: new illumination system \\\\;esa UnB i
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x1 x2 Q(L/h) Ll (%) ! 5 £
| 0.030 1800 40 2
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1 -1 71.21 19.17 oomsd | 1o : ‘ A L 135 5 +
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-1.41 0 20.00 52.65 0.015 | — S ——=—7t20
0 1.41 50.00 100.00 800 1 s
0 -1.41 50.00 5.30 0.010 - 600 :
9 0 0 50.00 52.65 400 1 o , \[ 10
10 0 0 50.00 52.65 00057 000 L 05
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065 0.000 A 01+ . . . ; ; . . . . . . . . L 0.0
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13 0 0 50.00 52.65

Time (day)



Compartment IVb ¢-esa UnB {‘2
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Higher plants: lettuce, beet, Plant Chamber

wheat
NIVERSITY 7 uennomsmney
g‘GUELPH S JFEDERICO ]

Oxygen and Food production

Light Biomass

Non Edible Parts of Higher Plants

Fibre

degradation

Volatile
fatty
acids

Minerals

COMEARMENT IV
Vs Vs
\/ Higher Plant bacteria
Sriin Arthrospira platensis

NO;

NH,'

Minerals
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Non Edible Parts of Higher Plants

Fibre

degradation

COMPARMENT IV
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Integration Strategy: C.lll/C.IVa/C.V

Top requirements for the MELiSSA Pilot Plant

1/ Progressive demonstration of MELiISSA concept Integration logic based on the
most advanced compartments in

2/ Stepwise integration terms of knowledge, model and
control

3/ Capitalization of knowledge

Gas

ol Y >
i b Liquid




Integration of compartments: ClVa + CV

connection by gas phase
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eSa

02 and CO2 measured
in C5 = inlet of C4a 02 and CO2 measured at

trhe outlet of C4a

5525.63 21.31

TT_5006_02
Temperature (°C)
22.0
Hurmicity (36Rh)
51.2

AT_5006_02

TT_5006_01
Temperature (°C)
208
Hurmicity (%Rh)
54.5

m AT 5006 01

PT_5003_01

1355 !
]

PT_5003_02
e — TT_a005_01

AT_4006_AVG

¥

FQRC_4003_04

Inlet Liquid Flow s

Pressure (Pa)

. i WEEE
=1

LED_5005_01 i

PV_6100_03 g
—

IN - OUT OF THE CONSUMPTION OF CARBON SOURCE NON ILLUMINATED ZONE
CONTROL VOLUME (Growth m\‘r dependent on light (CO2 >> KS\ IN THE REACTOR
CONTROL , Zi: av+v (e (X .,,,Sv \ Xops % {(1 - darcpree) dV|= 0
LIGHT INTENSITY SYSTEM OXYGEN . 5
(manlpulated varlable) CONCENTRATION INACTIVE BIOMASS EQUATION l
SET-POINT f,, a)::; Wiy J; a);.:; e fv (Hmasxeps * Xeps ) %‘ l{ o - darkaav <o GROWTH LINKED TO ILLUMINATION
MODEL | | -
DISSOLVED CARBON DIOXIDE EQUATION
.'—"‘A ‘:; (_,l\ul_'. fv‘%dv + L |:7: bimax + (X = Xups) 7:050: = PI{—V:- (1 - darkyyec) *h:f‘, fmarseps  Xops .7‘_05‘_’: 5 v!% (- dark,m“ k- 091 (c‘;\é“ 55555~ ?":‘)II’V =0
- CARBON DIOXIDE CONSUMPTION DUE TO PHOTOSYNTHESIS ON DIO! ISFER TO LIQUID PHASI
l‘..» GEPEB cONTROL VOLUME 1/ Gaton doid o' doamind basd n e Ko

2/ Only dissolved carbon dioxide in the liquid phase is considered for the gas-liquid mass transfer.

PT_4007_01

Pressure (mBar) | Pressure (mBar)
|80 | 58 |

PT_4007_02

€L4002_ESTIM_OUTLETLIQUIDFLO)
Liguid Flow (Lih)

0.77

> Outlet
Liquid Flow

AT_4009_AVG

Biomass Average ()

0.156

Pressure (mBar)

122.7

Light Intensity (%)

60.00

Volume (L)

83.0

Flow (L)

0.76
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Integration of compartments: ClVa + CV

connection by gas phase
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from L. Alemany et al,. Biochemical Engineering Journal, 151:107323 (2019)
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+ CV, gas+liquid. v
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WP6: inte_gra_tion of compartments: Clll + ClVa + &&W&esa UNB IV el |
CV, gas+liquid. (E. Peiro, Ground demonstration session) =
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Gosa ure|  MIELIZBA PILOT PLANT Sk Gosa Ure|  MIELIBBA PILOT P! fe,

T S MeLssA P MELISS
- - | e ot e wanscmmo - " [rere | veums seven smcomuTer v
e = a0 = jmmmms

Sampling__
pors o point ")
_ + &= LF1 LF2 | I——y \l -
- o) NPUTS s
g wwm G e VIR =~ m P > i
o o A 7 A e o i Booan , 2 | 0l pm) 1/ » T3 volme (1) 7 1
I «L ‘Lt* = e e < L z
g B 3 Pressure (mbarg) 80
m Cow (AR 30°C) (giL) 0.00757
Weight kLa TOP Section (%) 85
Samplil TOP SECTION LOWER SECTION TOTAL
point
Towmie | M0TOP | ouee Claa Con Rz M Rea Nox TOTALM | MATERIAL BALANCE
Interface Disolved O,
C3Feed Load €3 Actual Load % molmol) Disolved O Aq Sulk O transfer rate | O, transfer flow 0y - 0, transfer flow | TOTAL O, trans. B — a by
w | mope* : (ppmvd) (Umin) (1) (im) 0, 5 o% "':"; o liquid §a3 to liquid wonn gastoliquid | flow gas to iquid lx-m'uo.m
(o= Conv.:92.3% €3Gas Phase "“:'M“')‘ = §OLB) (§02h) red (0sm) §0m)
NORMAL OPERATIONAL | 1 | MODE1 367 342 3.0 | 31995 [ 52785 [ 49.8 0.00300 | 80 | 0.00605 0.06245 0.37155 0.10302 0.10817 0.4797 0.4579
® CONDITIONS 2 | mooE2 608 567 3.0 | 31995 [ 52.785 24.0 | 0.00571 30 0.00505 || 0.11710 | 0.69675 | 0.19315 | 0.20285 [ 0.8996 0.7593
@ MODE 1 DESIGN CASE 3 | mooe1 251 235 3.0 | 31995 [52785 | | 485 000742 | 80 | o0.00605 0.04372 0.26013 0.07213 0.07573 0.3359 0.3140
4 | MODE1 436 +3 3.0 | 31995 | 52785 | | 24.3 0.00855 | 80 | 0.00605 0.075%2 0.47554 0.13136 0.13345 0.6140 0.6062
5 | MoDE2 1286 195 3.0 | 3199 [ 52785 320 |[Jooi2ss | s0 0.00605 || 021847 | 192 | 0.36044 [ 037346 | 1.6784 1.6046
MEMBRANE DESIGNCASE | 6 | MODE2 1714 1595 3.0 | 31995 ['52785 || 380 [[o.01520 | 80 | o.o0s05 [] 02526+ | | 174119 | 048275 | 050693 | 2.2481 2.1380

() MODE 1: LOW N LOAD MODE ; MODE 2: OXYGEN CONCENTRATION




Control architecture for the loop

(C. Ciurans, poster presentation)
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Designing a hierarchical control structure for the MELiSSA
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Integration of MPP: future steps
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Integration of Higher Plant Chamber (gas and liquid phase)

Operation with urine

Non Edible Parts of Higher Plants

Harvest system for Limnospira indica (solid-liquid separation)

Integration of waste degradation technology

Final demonstration of the complete loop
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MELIiISSA: from concept to a solid reality
through a collaborative effort

The MELISSA Pilot Plant was dedicated
on April 26th, 2011 to

Claude Chipaux (1935-2010),

Founder of the MELISSA Project,
As a tribute to his visionary and pioneering contribution
in the field of Closed Life Support Systems

( “On the Moon are children

{ i?; . Qui regardent la terre en révant. Who see the Earth and wonder:

. - Croyez-vous qu'aussi loin - Could there be some human-kind
Far away. out yonder?”

o ,
(L l Lt wf‘ Iy ait des humains?”

The first MELiISSAloop concept

The lake, a model ecosystem

The future MELiSSA loop...
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"MELSSA ~ A micro-organisms dased made for CELLE develcpment
Froe. 3rd Eur. Symp. Spac. Therm. Can £ LSS, Moardwik NL, 3.6 Oct 1988
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MICRO-ECOLOGICAL

LIFE SUPPORT SYSTEM
ALTERNATIVE

THANK YOU.

Francesc Godia

MELIiSSA Pilot Plant — Claude Chipaux Laboratory
francesc.godia@uab.cat

www.melissafoundation.org

Follow us
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