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Abstract

This paper focuses on activated sludge process, which is known for its utilization of microor-
ganisms in advanced wastewater treatment process. Removal of chemical substances such as
organic matters and Nitrogen is accomplished by having the microorganisms react effectively.
Aeration is known to activate the behavior of microorganisms from old times. Today, still new
operational methods including plant layouts and equipment are being proposed and argued in
order to achieve more stability, efficiency, cost performance and so on. Introducing external
carbon dosage, the new manipulation, legal effluent quality can be met. However, it would be
inefficient in terms of financial cost if one were to dump in external carbon dosage as much
as possible, despite the fact that the effluent quality still might meet the legal standard. The
goal of this paper is to maintain effluent quality of the wastewater clean and to maintain low

operational cost simultaneously.
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Fig. 1: Pre-Denitrification Process
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Tab. 1: State Variables of ASM1

Description State Symbol
Inert organic matter 21 Sr
Readily biodegradable substrate ) Ss
Inert organic matter 23 Xr
Slowly biodegradable substrate z4 Xs
Active heterotrophic biomass 25 XpH
Active autotrophic biomass 26 XBa
Products arising from

biomass decay 27 Xp
Oxygen z8 So
Nitrate and nitrite nitrogen 29 Sno
Ammonia 210 Snu
Biodegradable organic nitrogen 211 SnND
Biodegradable organic nitrogen 212 Xn~ND
Alkalinity 213 SaLk
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Tab. 2: Control Inputs and Outputs

(a) Inputs
Description Symbol Unit
Aeration Coefficient Kra 1/d
External Carbon dosage .2 g COD/m?
Return flow rate Q- m?/d
Circulatory flow rate Q. m?/d
Wastage flow rate Q. m3/d
(b) Outputs
Description Symbol Unit
Readily biodegradable
substrate Ss g COD/m?3
Ammonium SN g N/m?
Nitrate and nitrite
Nitrogen Svo  gN/m?
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Fig. 2: Proposed Extremum Seeking Algorithm
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Tab. 3: Saturation of Input and Parameter of Dissi-
pative Controller [3]

Parameter Value  Unit Parameter ~ Vale  Unit
Ko, sat 360 1d kot 056 —
Ucar,sat 600 gcopm3d || ko2 056 —
Qr,sat 40000 m3a kcar 04 -
Qc,sat 100000 m3d Cr 64 —
Qs,sat 2000 m®a Ce 6800 —
Cg 0.043 -—

L33, EHEERICE TSNS AXA—2 0 ORHLRE
BAVTA VKRBT ZROBMERIMEE (Fig2 ) 2K
HL.

3.2 RMEHIE

EOE(CRIREIC IS ERIEE R 2 B L, 0 OR#ER%
BH9 5 [4][5]6].

Fig.2 OWERERICE TS ¢, H; — H3 LI TO1T
HATEZBNS.

a1 sinwqt
¢@) = : (16)
ag sin wgt
Hi(s) = diag| o - woms | D
H,(s) = diag [ gl ... e ] (18)
Hs(s) = diag[k—s1 bsﬁ] (19)

A(16) X, AT LOHBEEBICINA ST ANMEETH
D, a.,w, FEEFEEINS. £z, XA, (18) 1%
NFN, NANAT4IVE, O—IZAT1IVETHB. R
19) ZEHF|TH DO, k. > 0 2R3, DLE, R(16)-(19)
WARRICE Y 2ERIE 7 VY XL THS.

4 HEH

TFKYIaL—% SIMBA ZfVEY I al—Y 3y
iC& b, BRFEOGALERRT 5. HHHERICE
35735 A—% ICBIL, COD {5k L 22l (K
WL B & 3 EE NI, Tab.3 OEEFVEHEEONRS
BY, y RN RBE S, WEREC X O SELEn:
R R—5 6, OB AORE L & H#T 5. 7L
BANOLBRICIE, BRI Tab3 OEEVG. X
5ic, BENIIEN DR (8) BRIVT, SAHNERE
HEL, TRy 2R, IR NFHERTS. IEH
513 B3 (16)-(19) TH 7285 A— %13 Tabd I
Big.3.4 ICBENER KT, COD L SRR
BICHL, BEFEMNEEHERICHENT, COD sy



18 B16 0 BREES X7 ARHIMIES

% (EICA) Wigeseks

Tab. 4: Parameter of Extremum Seeking Controller

Symbol Value Symbol Value Symbol Value
k1 100 k2 100 ks 10000
a1 0.05 a2 0.04 as 0.05
w1 12 w2 15 w3 17

whi 10000 | who 10000 | whs 1000000

Wi 001 | w 0.01 | wys  0.001
ka 5000 ks 800 ke 200
as 60 as 0.03 ag 0.0001
wa 19 ws 21 we 23

wh,a 1000000 | wps 1000000 | whe 12000

wi,4 0.005 wy,5 0.005 w6 0.01

Tab. 5: Cost Function Parameters[1]
Weight | w1 w2 w3z ws ws we
Set Value | 15 60 60 90 1200 0.234
Weight wr ws wy w10 w11
Set Value | 0.18 0.18 0.18 10050 55

2EFRBEZERBIIET 2L OREININRTA—2EH
WAL, HERVERMESN. Fighlc, W
FHI BT ZFHMEER y 239, FLNIVOMLEREESTIC
BWC, BETFEOANIX NETENTVS T LHHE
BIN. MTPERLET S L, 28.7% O3 X MR
ERE Nz

5 F¥&H

ARICBVT, SEEBE I N RIS x SHmREE
ELTHRAL, Yot AZBERIERNEE L TEXHL
72 FT, EEEOEVWYI 2L —% SIMBA ZHW:ZY
Tal—vavicky, BRAME o GBSy
T, COD 5 L 2ERBE» IR S B 7 RET,
ERIX NOB/MEEERT S ENTES.

BEXM

(11 i, DR, BA, 8« SRBER TKEGEILET
ot ADT5 2 U A R, BRER D HRE
(2003)

[2] M.Henze, W. Gujer, T. Mino ,M. Loosdrecht : Ac-
tivated Sludge Models ASM1, ASM2, ASM2d,
and ASM3, IWA Publishing(2000)

(3]

[4]

(5]

(6]

e R e — e T

TR T

.'!. :

AP P PR PR F ST

o e ;.
i Regulation ==} 4 J &=
o ad |
3 - ==
I — -y
L= 11 —T-

= =
% 5 " TR Al [33 i ﬂ
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Fig. 4: Total Nitrogen in Effluent
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Fig. 5: Total Cost Comparison
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