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Overview
• Biological reations Modelling

Biological Carbon and nitrogen removal
Mass balance model
Model Simplification

• Accessibility and reachability
Dynamic bihaveour
Target and accessibility
Switching number

• Suboptimal control
Optimisation objectives
PMP principle
Reaction time duration
Switching parametrisation

• Conclusion and perspectives



Biological Reaction Modelling
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Carbon and nitrogen removal

• Two modes of treatment are needed :
aerobic for Carbon removal and Nitrification
anoxic for denitrification

• Three substrates and two biomasses are available
S1: Carbon 
S2: Nitrogen Ammonium
S3: Nitrates and Nitrites
X1: Heterotrophic Bacteria
X2: Autotrophic Bacteria

• Two Biological phenomena are taken into account:
Carbon removal 
Nitrogen removal (Nitrification and Denitrification)
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Biological reactions
• Three reactions: 2 1
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Mass Balance Model for batch reactor
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• Aerobic model
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Model simplification  -1-
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Model simplification  -2-
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Accessibility and reachability
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Dynamic behavior  -1-
In aerobic 
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Dynamic behavior  -2-
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Target and Reachability
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At most two switches are 
necessary to reach the target
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Optimisation Objectives
Reach the target C from the initial conditions in minimum time.

Find t1 and t2 to minimize the total time
u

t
tft2t1t0

Use the minimum number of switches



Sub-Optimal Control
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PMP principle for minimal time control
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Optimal control
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Particular case: without switching
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Switching Instants Parametrisation

• tf when trajectory reach the target
• t2 when the trajectory reach the switching surface
• t1 ?

S3N

S2N

S3

S2

1st commutation at t1

2nd commutation at t2

End of reaction 
at tf
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Reaction time duration For general case
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Anoxic phase duration
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Simulation and compareson 
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Conclusion

• Model simplification for controlability and
optimisation study

• Dynamic behavior and trajectory analyses
• Control and Time minimisation for batch reactor

• On line Application on real bio process

Perspectives


