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WP5 Objective (UNAM)

Design and test of a (sub-)optimal control strategy
for FedBatch bioreactors, treating Wastewater

containing toxic or recalcitrant compounds, as
described by EOLI Model 1 (EM1)

The Control Strategy have to be robust, reliable,
easy to implement, adaptive and low-cost




WP5 status (UNAM)

Performed

Planned

1. Optimization

(T +12)

2. Control strategy

(T +27)

3a. Experimental
+shock load (lab scale)
+comparison to FTC (lab scale)

(T +30)

3b. Experimental
+Long Term stability (lab scale) (T +30)

+ Field scale ED-TOC test

D5.1 Control laws based on software sensors
for optimizing the performance of SBRs

(T, +27)

4,
+2 National
+5 International

+2 International Submitted

D5.2 Report on full-scale performance of the
optimal control law and the software sensors
in terms of process and economic variables

(T +30)




1. Optimization

0 Objective: Minimization of the reaction time

O Control variable: input flow

] Measured variables: Dissolved oxygen concentration (DO), Volume
O Hardware sensors required from WP3: none

O Expected benefits: operation robustness; avoid the deacclimation of the
biomass; higher efficiency; smaller physical dimensions of the reactor;
reduction of off operation times; reduced costs of operation and installation




2. Control Strategy

Event-Driven Time Optimal Control (EDTOC):

-Robustness : to shock loads (inflow's peak substrate concentrations)
to parameter uncertainties
to model structure uncertainty
to sensor errors and noise

-Time (sub)optimality

-Needs only easy and cheap to measure variables

-Uses Software to Sense events (not the whole state variable value)
important for control
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3°. Experimental
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Comparison of the time necessary for degrading
the same quantity of 4CP by the
FTC and ED-TOC strategies
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3b, Experimental

[ eotoc.vi BB Software (Field scale):

E

| , LabView (scalable from lab
Lenado & Reaccdn W| Ayuda I Oxigeno mgt ( f 4 )
O ) oy e OPC (OLE for Prc.Control)*

ﬂ

Oz (madit)

SeEficiencia Muft)

PMu minime al &pagar Fin
Medio o Baio w| Sustrato n Fin

e Aglacon I/0 Hardware (Field scale):

Kla (min @Vmax) - Tiempos Reaccién (Minutos)

Oxigeno Minimo 1[]— S | imite (BeCkhOff)
h .
12 rSdrlaT:;mﬂﬂentacicjn BK9000 I/0 bus*

1 Tiempo Muerto
EY AntiMetabalito
{Wh}

mmﬂuemej‘? Integration (Field scale):
: Efiuente Allowed, easy,
il f *Modbus (Open Standard)

=]
(]

LA A R NE K §

|

EL

o (o [ o |

Oxigeno Max1 |:IITIII'I

. B— Max.
I

—JI

L NEAE WA AR NI WE R Y

g
= Volumen (litros)

Escenario

: = i EDTCC
Estandar i L R
- ; Llenado & Reaccidn |

| Leer | Guardar et .
Burbujeo Reiniciar/Cambiar Etapa ,
< »




Betancur, M.]J.; Moreno, J.A. and (2004). Event-driven control for treating
toxicants in aerobic sequencing batch bioreactors. Proc. CABY, Nancy, France.

Betancur, M.J.; Moreno J.A. and (2004). Practical Optimal Control For
Fed-Batch Bioreactors. Preprts of NOLCOS 2004, pp 1517-1522, Stuttgart, Germany

Betancur, M.]J; Titica, M; Moreno, J.A.; Dochain, D. and Guay, M. (2004). Event
Software Sensor and Adaptive Extremum Seeking alternatives for optimizing a class
of fed-batch bioreactors. Proc. of DYCOZPS 2004, Cambridge, Massachusetts, USA

Moreno, J. A.; Betancur, M. J. and (2004). Aerobic treatment
of toxic wastewater: problems, solutions, and open questions. Proceedings of the 3rd
IWA Specialised Conference on Sequencing Batch Reactor Technology-SBR3,
February 2004, Noosa, Australy

.; Betancur, M.J. and Moteno, J.A. (2004). Application

of the event-driven time optimal control strategy for the degradation of inhibitory
wastewater in a discontinuous bioteactor. Proc. 4th World Water Congress, IWA.
09/2004. Marrakech, Motrocco

; Betancur, M.J. and Moreno, J.A. (2004).
Blodegradacmn de efluentes altamente contaminados por compuestos fenolicos

utilizando una estrategia de control 6ptima, in Spanish. Memorias del X1V Congreso
de Ingenieria Ambiental y Ciencias Ambientales. 12-14/05/2004, Mazatlan, México.

Betancur, M.]J.; Moreno, J.A.; . and Moreno-Andrade, I. Control y mejoras

en biorteactores para tratar aguas residuales toxicas, in Spanish. Proceedings of the
Congreso Anual de Ia AMCA. October 2004, D.F., México, pp. 490-495.

Dochain

and




Conclusions (WP5 UNAM)

Performed

Planned

1. Optimization

(T +12)

2. Control strategy

(T +27)

3a. Experimental
+shock load
+comparison to FTC

(T +30)

3b. Experimental

+Long Term stability (T +30)

+ Field scale EDTOC test

D5.1 Control laws based on software sensors
for optimizing the performance of SBRs

(T, +27)

4, (collaborating
+2 National
+5 International

+2 International Submitted

D5.2 Report on full-scale performance of the
optimal control law and the software sensors
in terms of process and economic variables

(T +30)







EDTOC states

F=Fmax

0o

F=Fmax

S< S*

S>S*

F=0

S<Si

O4
end F=0




\ fast zone E Y
PY*
47 i
y " :
y=apc+oc .
/R, |
L

S, S* S



IL/h]

O [mg/L];

EDTOC Zoom of 2 fill-wait cycles

O (Dissolved Oxygen)

6 * . 40
_ 7 e yz*\ €2 e KW
. /\éy A% 3
SR 130
4
-3 / \ v \&///25
\
3 i /// \ §Q - 20
, | e R ~ \ ;15
/ i el et 10
1 Y. \\ \\
& Pump off — 5
\</ Pump on—>Cj Q
00 \ \ —0
0 ti=ts 0.2 0.4 t t+ 0.6 time[h]

(Q Inflow) O S (4CP) ——Y

—
[R—

S [mg/L];



