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Autonomy required
Utilize local resources
Mobility for Saence

A step-wise journéy from the safety of Earth’s orbit, to
the vicinity of the Moon and then into the Solar System



ISECG Mission Scenario &a” Ccnes €D g @esa . A f\ & EB © 7A
2020 2030 _-
Low-Earth Orbit
————————————————— O Robotic Mission

H International Space Station
h""’-*‘-

Beyond Low-Earth Orbit
Test Missions /N /™
| 1

Commercial or Government-Owned Platforms

A

‘, Human Mission
@ cargo Mission

o o o )
(Sampla Ratum) [Sampla Return) o0
Near-Earth Objects ppin Explore Near-Earth Asteroid
[E:xt;r;jed Staging Post for Crew
u on
Lunar Vicinity C o Lunar Surface
rew Potential Commercial Opportunities
Missions
i * Y
LADEE Luna 25 Luna 26 Luna 27 RESOLVE SELEME-2 Luna 2R/20 SELENE-3 H Assisted |
Chandsayaan 2 Sample Roturm) 5:':; o ! Humans to Lunar Surface
Moon | Aotential Commercial Opportunities
I — |
" Human-Assisted Sample Ratum
e e o e @ B= =) = Sustainable Human
MAVEN 15RO Mars ExoMars inSight ExoMars. Marz  JANA Mars Sample Retum Mission __ e — Missions to the
Orbiter Mission 2016 e Mar= Opporiunities Mars S m
\ Mars Frecursor Human Scale EDL Test Mission Opportunities )

Multi-Destination : b WEmm, ywmmm ool Human
Transportation _,11 an Indtial Carg_ Surface
Capabilities Ik ‘}r * G Lander Mobiliy
(Planned and Conceptusl) ¥ Bl - N ¥ eny E}
{;"_‘" Russian Deep S e a—; -.E.I:-B!W'Ed--
\con indicates it use opportuny. % Pioted  Elecinc Habitat & 5LS Lunar
Commercialinstitional lainchers notshoem. S5 System  Propulsion (Upgrade) Lander

|
ks

3
o Y
-

I
I
!
T
I
I
1




i . . \&\\L\k&k_ Ql Z
Main _requwements for Human Space Exploration &5\@688 UMB  wetigsa
an d I Ife S u p p O rt System S . Universitat Autbnoma de Barcelona u

Human Space Eploration main challenges

—= Trace Contaminants
Safety and protection for the crew. Radiation 0, 0.835) —s Heat(11.87)
] ] e Potable H0 {3.908) — — Haap:::uD:.fF[?ﬂf::i:lmd H,0 (2.227)
Advanced Propulsion. Reduction of mission time Food (0.617) —F =
— 4= Urine H,O [1.886)
Lifef support. Make the mission posssible m::;:,:';ﬁ]m
— i+ Fecal Solids (0.032)
Alr revitalization — & Fecal H0 (0.081)
HE

Water reutilization

Hygiene H,0 (.67~ 25.58)

Waste management Figura 1. Human Consumable and Throughput Values in kg (or

MJverewmambean day

Food production and preparation




Water Recovery and Managemer
NASA (www.nasa.gov)
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STATE-OF-THE-ART TECHNOLOGY INTERNATIONAL SPACE STATION

water recovery and management
system

urine, condensate and Sabatier water
physical-chemical processes

(VCD, filtration)

potable water
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The Intemational Space Station foilet.
NASA (www.nasa.gov) I




Environmental Control and Life support in ISS && es3a ) U"B _ udlfs
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ISS current life support and environmental control

b Open system. No food generation or waste

treatment. Supply from Earth

& Suppression

O, generation

CO, capture

Waler

Crew Syslem |
Water reclamation ﬁ
a I

P 1 h H nd  Shower
ash Waler
D pa Sh ving

Trace contaminants control

Metabolic consumables: 5 kg/day/person, 6 crew members, 1000 days (Mars mission): 30.000 kg
Including hygiene issues (20 kg/day/person): 132.000 kg
This is a too high mass for a mission ... long-term missions need regenerative LSS
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The MELISSA Concept: engineering a closed
ecosystem

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

Fibre

degradation

COMPARMENT IV

. Vs A Volatile
l : ) Photoautotrophic fatty
L% £ Higher Plant Bacteria acids
Compartment Arthrospira platensis
Minerals

NO5" @ PHOTOSYNTHESIS
\ : T - ¥ N7 A 4 } | woftil /8
=y e Rl £ O [l &0 A
NH;*(Ammonitam) o sy \ N : ) @ NITRIFICATION
o q = ¢ 5 et R ! { ’ Y

= > e s .
Wastes = L E - g NOs
\ @ PHOTOHETEROTROPHY

NH,'

COMPARTMENT Il

Photoheterotrophic Bacteria

COMPARTMENT 1lI

Mitrifying Bacteria
Nitrosomonas
Nitrobacter

NH,* (Volatile Fatty Acid) CO,

’ ANOXYGENIC FERMENTATION

NH¢
h

Minerals

Rhodospirillum rubrum
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The MELISSA Pilot Plant: technology Z5esa UNMB wSe
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Main objectives Layout (214 m?)
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Integration and demonstration of the Pl
MELISSA concept at pilot scale oD
Technology demonstration: _ =
5 IS
In ground conditions - —ls
: : 1] c

With an animal crew L& smso 3

With industry standards :

Long-term continuous operation i

Modelling and Control H@
Production of Oxygen: equivalent to =] =] o) A V=956 m?
one person respiration i 1 1 o B
Production of food: 20-40 % of a Comp. IVb Comp. mon rol an - Analysis
person requirements and CV Il and IVa ici

supervision Laboratory
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The MELISSA Pilot Plant (MPP) 2@Sa UNB  wctissa
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Function in the loop Biological component Technology

Volatile Fatty Mixed culture of 100 L
Wastes C. | Acids (VFA) thermophilic anaerobic
CO, bacteria ﬁ I il
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Waste Preparation Unit (WPU). Raw

materials

- Plant material (lettuce, wheat straw,
beet)

- Toilet paper

- Human faeces GPHS

ECO PADCESS ASSISTANCE




9

2@SA UNB  meciissa

’ Universitat Autonoma de Barcelona | <

=
=
7

—
=

P

i

The MELISSA Pilot Plant (MPP)

Function in the loop Biological component Technology

Nitrosomonas europaea 9
- . . BIOPROCES .
NH,* C Il NO.- Nitrobacter winogradskyi 7L @T'E%Hﬁﬂmaé e
O, ' 3 (Axenic co-culture, aerobic)
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The MELISSA Pilot Plant (MPP)

Function in the loop Biological component Technology

. : Arthrospira platensis ietrich A
Light = Biomass P pl 83L Retsemicn
. IVa (axenic culture)
CO, O,
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The MELISSA Pilot Plant (MPP)

Function in the loop Biological component Technology

Higher plants QFNIEEE‘%Y Amstrong
Light Biomass (letuce, beat,wheat) GUELEH  Engineering
C. IVb
C02 02 05-05-2017 19:14:32 . = > - .
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The MELISSA Pilot Plant (MPP) )

Function in the loop Biological component Technology

0 | »
FZ q C.V Wastes Laboratory Wistar rats "E‘
ee C02 ‘3?;




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

Top requirements for the MELISSA Pilot Plant

1/ Progressive demonstration of MELISSA concept

2/ Stepwise integration

3/ Capitalization of knowledge
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Integration WP1

Integration WP3
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First integration steps based on
the most advanced
compartments in terms of
knowledge, model and control

\ 4

Integration WP4  Integration WP6




WP1 integration. CIVa + CV connection by gas &@éesa URB  mciissa
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d Continuous gas phase connection 0, >
ClVa-CV at different conditions in CV -

(set points of % O,)

co,

d Clva illumination adjusted by the
control system to produce the oxygen
necessary to maintain set-point of O, in
CV, according to the knowledge model
linking O, production and illumination

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

trhe outlet of C4a
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CONTROL
LIGHT INTENSITY SYSTEM <:: OXYGEN
(manipulated variable) - CDP;E?LT;;:;IDN
MODEL | '
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WP1 integration. Experimental results.
ClVa + CV sequential test

Oxygen — Light control system

C.V Oxygen
concentration

-
"z

o

SP 21% SP 19% SP 20% SP 21% SP 22% SP20% SP 21% Ag

8-

Control
System |

inm
e

— —  Light mtensity (W/n2)

150 4 | TS | |
‘ 100 A Wiy |!.“ “:
C.lIVa Oxygen @ W 'W" ‘W” \hT‘ lz
production ‘ ‘

. 45 S0 &5 60

0 \
Control C.IVa Time (day )
System I Light The system response to CV oxygen set point changes is

consistent in the range tested.

Cda — — OS5 (R gas analyser (o)
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liquid phase and ClIVa + CV by gas phase
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—=— N-NO, (ppm N} #— N-NH," (ppm N)

—»— N-NO, (ppm N)

WP4 integration. Clll + ClIVa connection by
liquid phase and ClIVa + CV by gas phase
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MELISSA Pilot Plant: a team effort
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MELISSA: from the 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

( ‘:'\” “Sur la lune, il y a des enfants “On the Moon are children

Wi
\ ’ { "ﬁ Qui regardent la terre en révant. Who see the Earth and wonder.
{1l ! \! - Croyez-vous qu'aussi loin - Could there be some human-kind
. ‘ \ } Il y ait des humains?” Far away, out yonder?”

The first MELiSSAloop concept The lake, a model ecosystem The future MELiSSA loop...
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