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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
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Carbon and nitrogen removal

« Two Biological phenomena are taken into account:
»Carbon removal
»Nitrogen removal (Nitrification and Denitrification)

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

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

Three reactions: 97 il
S, > X,

02 ¢2
S, > X, + 35,

S, +S, —2 X,

Growth rates: o, = 1, (S,) X,

®, = H, (Sz)xz
@3 = Hj (81183))(1

1 (S #0) >0, 1 (0) =0, X;(0)=0
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Mass Balance Model for batch reactor

e Aerobic model e Anoxic model
%:pl(sl)x1 d;il = 5 (81, S3) X,
=X, ~z=0
%:—Kﬂpl(sl)x1 %?Knua(sl,sg)xl
d(j%z—Kzzpz(Sz)X2 dd%:o
dd%z K., 1, (S,) X, %?ngug(sl,ss)xl
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Model simplification -1-
Control ue/{0, 1}
For aerobic modeu=1  For anoxic mode u =0

X, 00 1 1 0 1
d Sl 0 0 _K11 _K11 0 _K11 | l-j1(81)X1
<X (=00 0 |+ 010 Jull mG)X
S, 00 O 0 K, 0 | [|K(5,S8)X%, |
_83_ __O 0 _K33_ L 0 K32 K33_ h
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S, + K, X,
S, + K,, X,

=0

=0

S, + Ky X, =5,(0) + K, X, (0) = M,
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Model simplification -2-
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S; +KypX, =5,(0)+ K, X, (0) =M,

XZ_SZ—MZ
K22_

0 -1
1 0 |u
K22 Kll i

2(t) = T(z(t)) + g(z())u(t)
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Dynamic behavior -1-

In aerobic K
Sg -I-&S'Z:O 53_83(0)+K—32(82_Sz(0))20
- 22
=“1(81)(81_M1) $(t)>0 [
In anoxic
. K.. . K33
53_i5120 83_83(0)_K—(S1_81(0)):O
Ky 11
S, = S,(t) =S,(0)
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Target and Reachability
C={(5,5,5,) eR'/8 <5,.8, <58 <Sy| s,

At most two switches are San %

necessary to reach the target /
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Optimisation Objectives

Reach the target C from the initial conditions in minimum time.

Use the minimum number of switches

Find t1 and t2 to minimize the total time
UA

t0 tl t2 tf
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PMP principle for minimal time control

Let Consider  z=[S, S, S;] ue[0 1]

Minimizing e for S f()+ 9O

Hamiltonian H(z(t),u(t)) = A(t)( f (z(t)) + g(z(®u(®)) + 4

dAt)  OH()
d oz

(U if AM)g(t) >0

um: it A(t)g(t)=0
U if A(t)g(t) <0

"~ max

J\

Optimal control u” =
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Particular case: without switching

: K
In aerobic S, —S,(0) + K—?’Z(S2 -S,(0) =0 33,

22
All the trajectories in $3N |
(2:{(81,82,83)6F2‘°’+ /S3<—&82+83N}
Ky SZN " 2
verify
+S,
At,)=(1 0 0) or (0 1 0
A()g((t) <0 San
So y =1 for (5.,5,5)eQ L
SZN Sl
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Switching Instants Parametrisation

A
End of reactlon 1st commutation at t1
at tf
«— 2nd commutation at t2
> $2
S2N

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

CARI04 18



f%gggggj i Cl;)r:'rlimlunity Research
U114 IN?A ‘éy Conrring tne ermatona,

Reaction time duration For general case

Us
1 R
t — taeroblc + 1:anoxm 1:aerobic
0t 2 .
tf S1(t1) SIN S2(t1) S2N
aeroblc = Idt + Idt max _[ a(ejS * _[ a?s ! '[ ha(js T _[ ha(js
t0 t2 Sl(tO)hl (S) Sl(t2)h1 (S) S2(t0) ' 2 (S) S2(t2) ' 2 (S)

S2(tl) dS S2N dS S2N dS
aerobic — j J. - j

s o - Does not depend on u !
h2 (S) S2(t2) hz (S) S20 hz (S) P

S2(t0)
t2

1:anoxic — jdt
tl
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Anoxm phase duration

Let: I(t)0 S(t)-S (t)_i(ss(tl) S;(t)) telt, t,]
K 11 K32
Al I(tz) = K33 (S (t1) S (t )) K33 (830 T Kéé Szo S3N)
S, (t) = S, (tl) (t)
S,(t) =S,(t,) - Ka (t)
dl dSl _ _hae _ __hee . .
dt:_ dt hy" (S,,S;) = —h, (Sl(tl) l,S,(t) I)
f I dI
l:anoxic = | dt tanoxic = L(S,(t),S I
J T o som l(() (M)
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Trajectories and Target

1000
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Substrates Removal
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Conclusion

Model simplification for controlability and
optimisation study

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

Perspectives
On line Application on real bio process
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