ALISSE A MULTI-CRITERIA TOOL FOR
LIFE SUPPORT SYSTEM EVALUATION AND COMPARISON

ALISSE — Advanced Life Support System Evaluator

e,
@% esa ‘ EEJ)GIN I ‘

SHERPA



meSsn Environmental Controlled Life Support Systems

= Long duration space missions

= Long duration space missions, such as the establishment of permanent bases on the
lunar surface or the travel to Mars, require an amount of life support consumables that
cannot be supplied from Earth.

= Regenerative Life Support Systems are therefore necessary to sustain long-term
manned space mission in order to increase recycling rates and thus reduce the mass to
be launched.
= Environmental Controlled Life Support Systems

= ECLSS are systems that enable the survival of humans being in space, by providing,
among other functions, the crew supply with oxygen, water and food.

= The architecture of such an ECLSS widely depends on the mission scenario.



me&sn ' ALIiSSE — a tool-based methodology |

ALISSE provides a decision-making tool to support ECLSS trade-off for a given Space Mission

Reference Model
defines the
integration of life
support system
models with their
environment

Workflow

allows to assess all
the criteria by
chaining different
simulation models &
tools

Metrics
describe any
Environmental
Controlled Life
Support Systems
(ECLSS)

ALISSE is developed by a consortium led by ESA
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MEL|SSA . Metrics |

Evaluation and selection of ECLSS architecture is a comprehensive trade-off between mass,
technology, safety, lifecycle cost and strategic considerations.

Mass Energy & Power Crew Time
Coverage Mass Ratio: total system Mean & Max power consumed in Total Crew Time for operation and
mass over total allocated mass mission maintenance of the ECLSS

Sustainability
Need coverage level. Energy/Matter
external dependence

Risk for Human Reliability
Global risk index Global system reliability
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MEL|SSA . Workflow |

System Design & Analysis Global Loop Modeling & Simulation Physical Modeling
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MEL|SSA . Workflow |

System Design & Analysis Global Loop Modeling & Simulation Physical Modeling
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meégsn ' From ALISSE to ...

Various tool-based methodologies were derived from ALISSE

ENRUM
ENERGY RESOURCES UTILISATION MAPPING

System of Interest Life Cycle

 MELISSA — CONTROL SYSTEM DESIGN |

LcC, Architesture  UPe[Y

A Model-Based Tool for System Design and Analysis of Regenerative Systems

| ENGINI Eﬁ Global Control Loop of the Life Support System
SO




ENRUM
ENERGY RESOURCES UTILISATION MAPPING

System of Interest Life Cycle

L
>

Preliminary Design Development Settmg'up/ Commissionning | Exploitation Maintenance
Study Prestations
1 i i — 1
f

3 , T \-r b o
L i Calibrgtion T
LCC, Architecture Supefvision Optiimtisation

: MAP Confort , : Maintenance
assessment, Sizing Ene.rg!y Managt Code MAP Energetic Mohitoring
Optimisation onse Audit :
Control MAP bervices
Energy/Power data & results |

A Model-Based Tool for System Design and Analysis of Regenerative Systems

%esa ENGIN E SHERPA
SO HERP

Eurnpean Space Agency



MEL|SSA ' Circular Regenerative Systems |

Life Support System (LSS)

ECLSS MODEL

= ENRUM provides models and tools for
system design and analysis of
complex energetic systems

= ENRUM enables

= To do mass and energy balances

= To compute some performance criteria: )
index of mass and energy closure, W
recycling rate, resources intensity, autarky
degree

HVAC
| Cold ioop ‘ Heat loop Cabin

= To allow some functional design
= To assess different architectures and

_ _ o Powerplant
technology choices with the same mission (electricity production from

Rankine thermal cycle)
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MELISSA — CONTROL SYSTEM DESIGN

Recycling
Treatment

Global Control Loop of the Life Support System



MEL(SSA How to manage the complexity of the LSS

//// .

Air loop

— Crew Needs = f(crew number, activities ...)
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Systemic Modeling |

To design and evaluate
the global loop

Functional model: MELISSA loop
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compartement I includes (CI, CIl and Annex)
its main functions are:

- recuperation of waste from the crew

- fibre degradation and production of NH4+,
minerals (to C-I) and CO2 (to C-IV) by
thermophillic anaerobic bacteria and
photoheterotrophic bacteria

- storage and distribution of NH4+, minerals

«parts

Waste degradahon
it]

liquid

«part»

: Compartment III

Compartment Il is responsible for:

- recuperation of NH4+ and minerals (from C-1) and 02
(from C-IV)

- production of NO3- by nitrifying bacteria

- Storage and distribution of NO3-
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'“‘("5“ . Control of the Global Loop |

Flow definition — Global loop Simulation model
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ALISSE
ADVANCED LIFE SUPPORT SYSTEM EVALUATOR

More than a tool, ALISSE is a system Future works
approach to design and evaluate ECLSS

For more than 8 years now, all MELISSA ENRUM

activities refer to ALiISSE metrics = |Industrialization & commercialization
= Customization to specific applications

The latest by-products are

= ENRUM: focus on energy and matter viewpoints Control of the MELISSA loop
for space and terrestrial applications , _ , _
~ = Connection to detailed simulation models

= Control System of the global MELISSA loop >

= |mplementation of the Air loop control in
the pilot plat of Barcelona

ECLSS: Environmental Controlled Life Support Systems
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Thank you

FOR YOUR INTEREST
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Christophe.Lasseur@esa.int

g.perna@enginsoft.com

p.fiani@sherpa-eng.com

ALiSSE: other partners TCAST_

www.icast.org

ENRUM: other partners 22 CSEM

www.csem.ch

4 LIEGE

www.uliege.be

: l ¥ LIEGE
université

www.uliege.be
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EMPRESARIOS AGRUPADOS

www.empresariosagrupados.es




