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Motivation and objectives

3



Extract from Varsity SOW

“In the framework of the MELiSSA project, system studies are crucial at all levels of developments …

VARSITY project – Motivation and objectives
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However, mechanistic models as well as predictive control have been demonstrated mainly 

at sub-units and within limited range of process behavior ”



VARSITY project – Motivation and objectives
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Main
VARSITY
objective

Focus on the 
Global Network

Control loop strategy

Mathematical models

System simulation

Industrial deployment 
of ALISSE

ALISSE V2 development

ALISSE criteria for a  
Mars Transit Mission

FOCUS OF TODAY’S PRESENTATION

Extract from Varsity SOW

“In the framework of the MELiSSA project, system studies are crucial at all levels of developments …

However, mechanistic models as well as predictive control have been demonstrated mainly 

at sub-units and within limited range of process behavior ”



VARSITY – Lessons learned #1
Mathematical models
• MRL - Assessment
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VARSITY – Lesson Learned #1 
Mathematical models
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C1

Process 1

Can we describe it in terms of stoichiometry, 
kinetic and mixing?

Do we have equations, experimental data, …, ?

Do we already have a model that has been 
proven/tested/verified? In which language?

What are the assumptions, limits, …?

Process 2 Process … Process N

Same as for Process 1

C2 …. C5

Same as for C1

More details in UCA’s presentation (L. Poughon)

MODEL ASSESSMENT
Mass balanced (stoichiometric) 

models 
Dynamics (standalone models)

C1

Several stoichiometries for an 
OM  of variable macro-
composition - Ref TN 132.1 
(2021)

AWC : Matlab toolbox for anaerobic digestion in a 
membrane reactor – too complex, never validated 
or checked

C2
Single stoichiometry (with a 
variable yields) - ref TN 132.2 
(2021)

Not yet developed

C3
2 stoichiometries (2 strains) -
ref TN 90.4 (2016)

Nitrisim : autotrophic nitrification in fixed bed 
column – Matlab language

C4a
Light variable stoichiometry -
ref TN 17.3 (1994) – ref TN 79.2 
(2007)

Photosim3 : JF Cornet – reference model for light 
transfer in bioreactor – Fortran language
Photosim M : update of photosim3 in Matlab
language

C4b
Several plant stoichiometries
(edible/non edibles parts) - ref 
TN 32.3 (1997)  

Not yet developed

C5
Algorithm for solving the mass 
balance in TN 79.2 (2007)

No fully mass balanced model
S-block Simulink model only

Model Readiness Level



VARSITY – Lessons learned #2
System simulation
• State Vector (SV)

• Sizing issue

• System Readiness Level (SRL)
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VARSITY – Lesson Learned #2 
System simulation
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Melissa loop – Functional model Issue #1: models compatibility

➢ E.g. CHON / CHONSP formulation (stoichiometric model)

CIVa stoichiometry

𝑟𝑒𝑎𝑔𝑒𝑛𝑡𝑠 → 𝐂𝐇𝐎𝐍 𝐟𝐨𝐨𝐝 + 𝑜𝑡ℎ𝑒𝑟 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑠

CV stoichiometry

𝐂𝐇𝐎𝐍𝐒𝐏 𝐟𝐨𝐨𝐝 + 𝑜𝑡ℎ𝑒𝑟 𝑟𝑒𝑎𝑔𝑒𝑛𝑡𝑠
↓

𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑠

Interface issues between compartments

Bin

Source

C=carbon
H=hydrogen
O=oxygen
N=nitrogen
--------------------
S=sulfur
P=phosphorus

CHONSP
formulation

CHON 
formulation

CHONSP food

CHON food

More details in Sherpa’s presentation
(B. Thiron)

State Vector (SV) definition to 

avoid incompatibilities

First definition of the State Vector for MELiSSA (TN 142.1)

✓ APPROVED BY ESA

NOT THE 
BEST 

SOLUTION

BETTER SOLUTION



VARSITY – Lesson Learned #2 
System simulation
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Melissa loop – Functional model Issue #2: sizing

➢ Current models of MELiSSA compartments and connections

(distributors, pipes, …) do not consider volumes (mass 

balance models) or are validated for fixed volumes (e.g. C4a) 

System simulation scenarios are limited

83 L

P

I

C

CO2

O2

3 rats

WHAT IF

2x 83 L
P

I

C

P

I

C

PI

C

1x 166 L?

REDUNDANCY SIMPLICITY

Mechanistic models of 

MELiSSA compartments 

need sizing

How to take into account 
system sizing?

Which is the best strategy 
for system design?

First introduction of 

System Readiness Level 

(SRL) in TN142.1



Conclusions
Insights for future system studies
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Conclusions
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Mathematical models

Model Readiness Level (MRL)

• Non-homogeneity of knowledge and 

modelling of compartments 

FUTURE SYSTEM STUDIES

⏩ Plan activities to close the gaps ⏩ MRL as reference to plan this effort

System simulations

State Vector (SV)

• First definition approved by ESA
⏩ SV to be agreed between partners ⏩ Models to be updated accordingly

Sizing

• Current simulation scenarios are 

limited

System Readiness Level (SRL)

• First definition in VARSITY TN142.1

⏩ Mechanistic models of compartments need sizing

⏩ Discuss with ESA an engineering strategy for compartments connections 

(e.g., favor redundancy over simplicity) 
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