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Fig.1 Layout of wastewater treatment process for evaluation
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Fig.2 Proposed total cost minimizing control scheme
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Table 3 Weight parameters for total cost index
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Table 4 Parameters of extremum seeking control by return
sludge recycle ratio

INTGX—% [0} wH a KI |NOs-Nlim | NH,~Nlim | PO,~Plim
Hifr [rad/day] | [rad/day] | [%] | [—] | [gN/m°] | [gN/m°] | [gP/m’]
:J;i;%g@m 3.14 1.57 2.5 ]0.2821 14 1 2
;iﬁg’]ﬁ 3.14 1.57 2.5 ]0.0564 14 1 2
ji_i%gjﬁ 3.14 1.57 2.5 10.0014 14 1 2
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Fig.4 Relation between return sludge recycle ratio and total cost
for different influent COD concentration
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Fig.5 Return sludge recycle ratio via total cost minimizing extre-
mum seeking (initial recycle ratio=50%)
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Fig.6 Convergence value of return sludge recycle ratio and corre-
sponding total cost

Table 5 Comparison of total cost and its components among
pseudo-optimal operation, operation by extremum seek-
ing control of return sludge recycle ratio, and standard
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Fig.7 Return sludge recycle ratio via total cost minimizing extre-
mum seeking (Influent COD=520 gCOD/m? initial recycle
ratio=50%)
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Fig. 10 Convergence value of air flow rate and corresponding total
cost

Table 7 Comparison of total cost and its components among
pseudo-optimal operation, operation by extremum seek-
ing control of air flow rate, and standard operation

Tl NH, | NO, | PO, |@MTAF|[@aAl
oAz [gN/m®] | [gN/m?®] | [gN/m?®]| [MH/m’] | [F/m?]
<f§j?fif2§;> 178 | 814 | 104 | 128 | 327
ﬂgﬁﬁfg> 174 | 809 | 110 120 | 327
<3§§fifiﬁzy) 093 | 725 | 220 127 | 336

%12, Fig. 1112, #EEWHME% 1,600 m®/day
E LT, WAPOPIEER 055D 1.8 gP/m® 124
WL CRRMERIE 2 @ L 72 E o R EE ORRY T —
¥ xRY o MAKDY YOEME/NS LT AL, Fig.
IR L72& )1, RIS VIREED ROEIREE & 72 5
A, Fig 11 05, el 2 IREE D ZS LIS RIS L T Jal
ERFREIN VLI bR s, 7275, 208
AN BB 5 FTI2IE 100 HREEZE L C
BY, REREOZLIZTFITRSLHTH 5 LEND
%o

4,000

3,000

EEAE [m3/day]

1,000

0 50 100
2@ [day]

Fig. 11 Air flow rate via total cost minimizing extremum seeking
(Influent PO,~P=1.8 gP/m? initial air flow rate=1,600 m®/
day)
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Abstract

This paper investigates the applicability of the so—called extremum seeking (ES) control as a total
cost minimization control for wastewater treatment process. The ES control explores the minimum
value of a given performance index where the total cost that consists of the operational cost and the
effluent cost is used as the index. The feasibility of the ES control is tested for two types of pseudo-
anaerobic-oxic process control : one is the return sludge recycle ratio control, and the other is the
aeration control to keep lower aeration rate as well as lower DO level between anaerobic zone and
aerobic zone. The simulation study illustrates that the total cost by applying the ES control can be
reduced by approximately 2.7 to 3.8% compared with typical operating condition without control.

Key words : wastewater treatment, optimal control, extremum seeking control, simulation, total cost

minimization




