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Adaptive Control of Cell Recycled Continuous Bioreactor
for Ethanol Production
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Department of Chemical Engineering, Seoul National University

ABSTRACT

The optimal cell concentration and dilution rate for maximum ethanol productivity were

obtained using dynamic simulation in cell recycled continuous bioreactor, The good control
performance was observed using rule-based STR(self-tuning regulator) compared to conventional
STR. Rule-base contained the scheme to implement the STR in an efficient on-off way and
the scheme for the controlled variable to reach the optimal value in a short time. Since a
mathematical model was used to analyze and estimate the changes of the state variables and
the parameters, it was possible to understand the physical meaning of the system.
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Fig.2 The control results using conventional
self-tuning regulator.
viable cell setpoint: 164& /L, noise:
5%, sampling time: 6 min
(a)parameter estimation: - true value,
-+ estimated value
SGR: specific growth rate(1/ hr), SDR:
spécific death rate(1/hr)
SCR: specific consumption rate(1/ hr),
SPR: specific production rate(1/hr)
(b)viable cell concentration,
(¢) bleeding rate.
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Fig.3 The control results using self-tuning
regulator with rule-base.
viable cell setpoint: 1642 /L, noise:
5%, sampling time: 6 min
(a) parameter estimation: — true value,
-- estimated value
SGR: specific growth rate(1/ hr), SDR:
specific death rate(1/hr)
SCR: specific consumption rate(1/hr),
SPR: specific production rate(1/ hr)
(b)viable cell concentration,
(c¢)bleeding rate,
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Fig4 The control results using self-tuning regulator with rule-base after the disturbance
in cell concentration.
viable cell setpoint: 1648 /L, noise: 5%, sampling time: 6 min
(a)parameter estimation: — true value, --- estimated value
SGR: specific growth rate(1/hr), SDR: specific death rate(1 / hr)
SCR: specific consumption rate(1/hr), SPR: specific production rate(1/hr)
(b) viable cell concentration, (¢)bleeding rate, (d)profile of state variables
X,: Viable cell concentration (& /L), X4: Dead cell concentration (8 /L)
E: Ethanol concentration (& /L), S: Substrate concentration (& /L)
DE: Ethanol productivity (& /L /hr)



Vol.6, No.3

AolHt. Fig. 4(d)ell A2l A4 ’\](*
of mhe} JebdAck Fig. 4(d)ell A9}, 1to] 91401 T
of A3z itdlA 7haby] A1 wEsh Fobadiey) o
A vtAle] EAR Qs AN Holn R Y
BP0 whep Alabel: olebe pun qidbs) %
o] BSlth & FAY ¥rw ”0} iz rAe vt
s Stol A el 05 ek
S 9 TEA SR, 58 e o
BEUE QB 207 A0l16)0) B By oy
B o} Qi Ao HEE ez 4aye o
oA R3l0] A Fe @A AN wne
@ AL AR G A B b g
Uiz W AR e whA ﬂ} 7?‘4]?‘ T-§) {cell feeding)
Sz Wl At A FosHe wne AF ou
S s 2] Sl A8 RD AT el
[¢]

o S b gon AR F N g

lo 031
o
HL

4)

o
SHHOR FAAAE Akt ekl oioal A
7 oS Bt 2 Al A ge Ao m(22) Al

|
B T Aol g Aaee A wy 4
Aok 1y R wAHe) Fu v Hagun =
FA AN AR Bas,

Z2 E

oAee GU4S Adw s A9 mue wn

9 18 FU4EE ), 4 Fasui A4
,

o gk 045he' 02 AASHA AP WHS7) e A
ofeE EMO BLEE 164 g/1. FA87] Yt A
N2 AZA 70 rule-based H7FsE A 1 ok 18]
75 ol&34 713 -’1“2}—*“5:: ARSHA FAsta
FEEEE 29 VEAE FEas 9o dzd
A28l rule-base s E 33 *P’l%—izlt 71E9] A
7152719 WEte AlojAdsol ¢4k,

BT Afse #2 (2)e7 2 sy

Appendix

HowAbo A ARG mdA(]

15) theat 2o},

dXv =/1XV_BXV (/\_1)
dt
dXq =rXy—BXg

dt

A Xy =D (So—$) (A=2)
dt
dE —7Xy—DP (A—-3)
dt
_ an 1 [ Xt Jae 5
wo [0 [R5
k=klp+k2

Y=—pn/ Yxs—Ms
r=aexp( —bXy)

Parameter values

#=024 hr, al=0.85, a2=1.1, Ks=05% /1., a=0.55
b=0.0061, Yxs=0.12, k1=0.208, k2=(). 100208,
Ms=0.27. Xqu=3208 /L, Im=908 /1, Se=1508 /1.

NOMENCLATURE

A ¢ parameter matrix of state equation
Axy 1 row vector of matrix A for viable cell

Axd ¢ row vector of matrix A for dead cell

Ag ¢ row vector of matrix A for glucose
Ag > row vector of matrix A for ethanol
D . dilution rate [hr']

B . bleeding rate [hr']

E : ethanol concentration [ 8 /1.]

Em  © maximum ethanol concentration [ 8 /1.]

F ¢ feed rate of glucose solution [I,/hr]
. glucose concentration [ 8 /1]

So * glucose concentration in feed [ & /1]

At . time interval [hr]

Vv : volume [L]

X ¢ column vector of state variables

X4 . dead cell concentration [g /1.]

Xm © maximum cell concentration [ & /1.]

Xt © total cell concentration [ & /L]
Xy @ wviable cell concentration [ & /L]

Y . observed variable

Greek Letters
* matrix for recursive identification
. parameter vector for recursive identification
* parameter for recursive identification
> forgetting factor
¢ specific growth rate of cell [hr]
I specific death rate of cell [hr']

™A R > 5 >

* specific consumption rate of sustrate [hr']
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. A. Margaritis and C. R. Wilke (1978),

. A. Margaritis and C. R. Wike (1978),

. . . - t

o specific production rate of ethanol [het]

: information matrix for recursive identification

: known function vector for recursive identification

. known function for recursive identification
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