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95 partners : research, technology transfer, accompaniment, competitivity clusters, ...
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Environmental and societal challenges (including global warming)

— Use of renewable raw materials starts being generalized in the
plastic field

- New biodegradable plastic presenting interesting and
well performing properties

Development is somewhat lagging in FWVL INTERREG
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Dynamic optimization of
continuous microalgae cultures
SECO
biosciences

INSTITUT DE RECHERCHE EN BIOSCIENCES
DE LUMONS

Laurent Dewasme U M O N S

Systems, Estimation, Control and Optimization (SECO) " Université de Mons
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Polysaccharides

Extraction and fractioning
of byproducts

Production and . ‘ ". IRY Fermentation

harvesting of 1w L LD
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Structural characterization
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Dutline

Microalgae culture modeling

Optimizing control — Extremum seeking

Lab-scale validation

Perpsectives

Université de Mons
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(Bernard, 2011) discusses an extended Droop model (Droop, 1968) taking
photo-acclimation and photo-inhibition into account:
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= Real-time optimization (RTO):
* Model parameter adaptation (Batch-to-batch)

= Modifier adaptation (Gradient and constraint
cost functions match with those of the plants)

= Direct input adaptation (Extremum seeking)

= Extremum seeking control
= Measurable objective function

= There exists an input u exponentially
stabilizing the system to a steady-state
equilibrium

* The objective function is convex and
unimodal

Process
1y /*“\\55= h(u)
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u |-
I u* u
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YT = Goal: optimize the biomass production assuming:
(n A = Continuous process

‘ ‘ = Convex static map

(P - | = Unimodal static map

= Stable neighborhood
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= Simulated experiments (Scenedesmus obliquus) applying light intensity changes

(disturbance)
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= Experimental application (Scenedesmus obliquus) applying light intensity changes
(disturbance)
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Experimental validation




= Experimental application (Scenedesmus obliquus) applying light intensity changes

(disturbance)

Max growth rate

Time period (d) Light intensity (n Em—2 s7!) P(g L-td™Y) D (d-1) X (g/L) %
0to7.75 800 0.3 0.6 0.5 1.2
7.75t0 10.75 400 0.2 0.66 0.3 0.94
10.75to 15.45 1000 0.25 0.4 0.65 1.14
15.45to 19.75 800 0.3 0.6 0.5 1.2
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" Optimizing control applied to microalgae cultures (ponds):

= Convergence acceleration using Newton seeking or other
recursive techniques (Max Likelihood ES);

= Multivariable ES considering light intensity as a second input;

= Application of nonlinear model predictive control (requires a
well-identified model) to continuous/fed-batch cultures;

= Other Al tools: neural controllers, software sensors, ...
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Thank you for your attention!
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