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Fig. 1 Process of wastewater treatment plant for calculation

TIOVIZEBS K & 2588 L 2 miRE T v o
ASM3 12, ASM2d @ V) A SUSE IV &R 724 %
HERET D), HEHRWOATIEHBE% BOD & L-ET
)I/S,IZ)VCGZF)%O

REWM R LT LU T O4 R % Fig. 1 IR,
AdtE Q (m®/d), fEERTE Qc (m®/d), WEFME Qr
(m3/d) ® A, 0T, 7aJyxkiE% Qs (m*/d) &
L7zo BRSO, BESE  MmEREE  if
GAli=1:2:3% L7

2.2 BHREZHHEEE&GHFEMG

TOKAMBEESG AT A FAKOHBZE & A0 3
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DOFHEB L ORK - f/MEEXRT, TITTRL
HHIRAKEY I 2L —F~OANHEBIZAIET %,
BOD (X & #1550 T & 5 5 55 F1E A B & IR C
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# &, MLDO # filffi& & L7zo RE TIE, MLEK
IREDMAF TR EAREHRGIEL, Wl EEET
FHE A X 3 D AR TR S 725 b Bk LV ETE
Wtk 'E Td %5, BOD 10 mg/L, 4% % 10 mg/L,
&) A05mg/L & L7 COHEHEIZ7uy, fEER
Ry 7, BERYTOEIIEL, CO: HFHE Qco,
(kg/d) 2 D) TEFRL 720

Qco,= (@sUs+ QcUp+ @QrUr) Uco, (D

7 a7 ENFEEA Us=0.0260 (kWh/m?), K> 7
BHIFEHAL Up=0.0250 (kWh/m?) (W34 & EIE)
&L, COy FHAL Uco,=0.555 (kg-CO2/kWh) ® & L
726
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L 720 Table 2 \Z7% L 72 H8 i 58 0z 4= {4 DO 16 B i &=
$%bbH Qc=15Q, MLDO=15 mg/L & 3 %
FHREREFRL E L oo, fEk1 L0 CO,
PEH & Qeo, K S 5 EfE L L T Qc=1.0Q,
MLDO=10 o #l| # 7 X % it £ 2, Qc=05Q,
MLDO=0.5 Ol =k 3 & L7z

Table 1 Average, minimum, and maximum of setup diurnal fluctuation

FAREQ| BOD |ZofEtE|2EXR|7TUEZTH|HEEE|ZVA|RYY VEE|TILAUE| SS DO
m*/hr) | (mg/L) | B | (ng/L) EE =% | (mg/L)|  (mg/L) (mg/L) | (mg/L) | (mg/L)
(mg/L) (mg/L) (mg/L)
FiiE 422 92.2 42.0 27.6 19.2 0 2.08 1.59 137 44.5 0.5
=/ME 250 72.6 31.1 22.8 16.0 0 1.72 1.38 114 39.3 0.5
xKXIE 544 135.3 65. 1 36.5 26.8 0 2.55 2.42 169 47.0 0.5
Table 2 Standard operating conditions (@: influent flow rate)
HRT BOD-SS RBERREC | BERE R MLSS MLDO
(hr) (kgBOD/kghLSS - d) (m®/d) (m°/d) (mg/L) (mg/L)
EEBGREN 18.3 0. 061 1.50 0.5¢ 2000 1.5
xakiE"” 16~20 0.05~0.10 1.50 0.50 2000~3000{1.5~2.0
Table 3 Control methods for calculation
P HIEHICAWEER EEIRER
FRAFRE Q| MLDO | IR KK E | CO M & Qoop | RAIKIKE |TRIRIRE Qo| 7RV EEE Q5
e @) (@) — — — 150 MLDO =15
€ SR Il 10 | fiE k2 @) ¢ — — — 1.0Q MLDO = 1.0
HEE3 @) e} — — — 05Q@ MLDO =05
122244 | MPC ) 0] ) @) — MPCEHEE| MPCHEHI{E
MPC2 @) [@) @) @) @) MPCEE(E| MPCEHE{E
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Fig. 2 Block diagram of control system of
proposal method
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SR pER LI X D HIE L 286 0FEEx vz,
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Table 6 | EIRIEREICHT 2R EHZRT. AT
TR Winax DT FEFE D T KALELS; O HER = O
FIRMEEZ 2% L L7ze AJTORMZ b= O T ERE
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ETHE L2, BIZIZRX@TEFKT S 1 HHOF
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Table 4 Values for dimensionless parameters

(m*/hr) | (m*/m*/hr)

fBiRiR=E | 70T EE|COHktE| BOD
(kg/d)

£E%H|2YA | MLDO
(mg/L)| (mg/L) | (mg/L) | (mg/L)

633 7.13

1230

10 10 0.5 8.92

Table 5 Set values for dimensionless controlled variables

(*: dimensionless parameter)

Table 6 Set values for dimensionless
operating manipulated variables
(*: dimensionless parameter)

r w’ Y Vi Ymax Vina
BOD" — — — — 05 10 whelu | du/dtl ;| du/dtl,,.,
e — — — — 05 10 ™ e A/bn) | (A/h)
= ' Q7| 3 |01 22| -44 | 44
£Yh — — — — 05 10 r
. MPG1-10 QS| 3 |o1] 24| -48 48
I Qcopdt| [ (-0.5)dt MPG2: 3 — — — —
MLDO* — — 0.078 0.1 — —
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3) EEFLL  BRERMAFMHEIEHBEY RSN
25, 2HHOARAEEHEZN1.25
(EANESS e GO
CREMASGM SRR REIND
25, 2 HHORFEATLED 2 512
2L, TAKEDOREEH L,
BHEMREREN 25 mg/L &% 5
G MABMIZ—EE 5,

5. AERREER

5.1 BHEFILOZYEEHE

Table 7 |2 AT v 7 A% 5 & HIHE O FIg38H
#EFHERTEO MLDO %771, #HRIZFIEED
005 X h kEnwz txFY,

Table 7 (a) Tl A% EiERE Qp*, Qc* & L
720 IREE 1 Z3EH L 2B O EiEHER 1T Qs*=0.86,
Qc*=0.33, IRAE2 TIT Qs*=1.03, Q:*=1.00 THh -
7o BINIER O MHFP A2 WEMICT 5720, &
TV TR SIRETOEBBEREOEGD 1/2 £ 1) b
K& L7z FIZFETOFENTe<005 &%), —H
] O P FR 7= ALEL K K D R TEAL DA AE D 5%
Kie o7z LLIREEL T Q™ % 0.1 U726,
omg>005 & o720 TO¥A, [FEIC MLDO
023 mg/L &E/hNEL oz,

Table7(b) TIEXANZ Q*, &HEF* L L7, Ih
537 —AAY T4 TRESELHRASTM LIS 5,
A7 v 7&lE Table 1 IZ/R L7 2 NENDREETA
SHDORAEE Lzo 1 TEALEDEMET <005 &5
7o L L, EEmE(EEZ AN E LA LRI,
MLDO 75§/J‘§ < bk gz >0.05 Lol

JERRIEE 7V O Wy BUS O 3 L IR M D 5R
Monod . CTHEEINTBY, DOEEN/NEILL DL
BT D, FD0 ernpe DREL o720 L
ML, RREOHHEHTIZ MLDO # #lffi&E & LTTh
IR R R A BT, BT T oA & )
FILCTWE70D, RENPKELS LRV EEZ LMD,

Table 7(b) Tl¥ QF & &&HE* DA 2, MLDO

>15mg/L & T BT, emno>005 & o7z, 2
DY E b FUSEEDOIERIEENRATH S5, Lo L,
BOD, &%#%, &) AL Vo ZBAKKE &38R %
0, MLDO IZHHIMEIX 2 v S 512, H\vr72 Monod
XD DO T 5 fMEMIL05mg/L TH D,
MLDO 2315 #E L) § RKRE T, ARG HE
WCRERENITI RV, Lo T, 22 TORE,
HIARS BE ) b & v 9 T TUEMRET R 2 SR 0O E
Th DD, WHIKKEDOMFRII B I WEEZ LN
5o

P&y, REEICHWHREZEET VI, FEREE
TIVOWEME TN & LT & HW L 72,

5.2 H—RRX2T7 4R
1 RESZTHE

Fig. 3 IS LRORAREOEE &, EKITIL
SNTHEAOKE B L N ERBFEOEH R il
HARND S BHEk 1, 1€k 3, MPCl1 % lL#k L7z, 1
1 TREITRTOKEHRGEE TH 7225, K3 T
W EEEDPKERIED 1 28BE3 55 - 72,
—77, MPC1 Tl ¢ _XCTOKEHFMHEZ T - 72,
MPC1 OEsn#fEeix, 1 H B3 L7228, ALK
DEEZENEZHT 5 2 HEP HMARELEIIG L
ToHR A AR ) K L2 FOMEIZ2 HE THIZKEL
ol BB, BWHMAETIE, fER1BIONERS
LT RTOMBKTRERENEZ TH -7z, Zh
0, COHEHE L S &5 7201 EIREE %
HAZPNE L L2tk 3 TIRFAREDELISHIGTE
W EDG o 7,

MPC1 ¥4, 1 HHIZKEDS B2, CO,HE
HE AT 2 8RS Dz T DHROMIIK
DOEEFROEIZ, 7o v EEEEIFRTEEOWINT
L L 720 2O, FATGEEINC L 2 &8RN0
FHMLEET 2, MEBLZHIZAEDETHRLIKED
EALEEMIL - E 2 5N b, BOD &£ ALl
BRI BIFZ o 72720, BRICHIENC e 1IT
29, COHFHEMEMKEZHEL oz EX BN
Bo B, GEE21I6EHK 1 LItk 3 DEROTMOMHE
ZaR L, ETOMHEKCTHRERENEEZ ThE- 720 F72

Table 7 Average errors against step inputs and MLDO at the end of calculation (italic: &> 0.05)

(a) Step inputs of operating manipulated variables

(b) Step inputs of influent values

I BE — o —=| € opx| € 2zx«| € 2yss| € mox| MLDO e BE — == | € Boox| € 2zzx| € 2ysix| € mpox| MLDO

An KRB ATVTR A SN O S men]| AP [RERTVIR ST ST ST S e
1 +0.1 0.007 | 0.011 0.004 | 0.009 1.11 1 +0.22 0.029 | 0709 | 0.028 | 0.022 0.24
0. -0.1 0.013 | 0065 | 0.007 | 0.020 0.23 Q" -0.22 0.001 0.023 0.005 0.053 1.72
B 2 +0.1 0.020 | 0.019 0.035 | 0.037 2.36 2 +0.22 0.034 | 0.042 0.006 | 0.045 0.59
-0.1 0.029 [ 0.021 0.004 | 0.022 0.90 -0.22 0.020 | 0.025 0.015 | 0095 | 3.02
1 +0.4 0.022 | 0.030 0.012 | 0.019 0.42 1 +0.52 0.013 | 0.057 0.001 0.019 0.26
Qr -0.23 0.013 | 0.009 0.003 | 0.013 0.48 T -0.52 0.008 [ 0.027 0.005 | 0.026 1.34
¢ 2 +0.4 0.037 | 0.043 0.021 0.031 1.61 -~ 2 +0.52 0.016 | 0.030 0.014 | 0.037 0.74
-0.4 0.024 | 0.026 0.019 | 0.021 1.69 -0.52 0.010 | 0.031 0.043 0.070 2.69
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Fig. 3 Profiles of influent flow rate, dimensionless effluent qualities, and dimensionless operating
manipulated variables in case of rapidly-varied influent flow rate (*: dimensionless value)
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Abstract

To develop an on-line control system of wastewater treatment plants for CO, reduction in
compliance with effluent standards even in the case of rapid-varied influent, we examined a model
predictive control, which does not need any cost function to set target values of effluent quality and to
economically evaluate the quality. The controllability of achieving effluent quality and reducing CO.
emissions were evaluated by computer simulation with rapid-varied influent flow rate and concen-
tration of total nitrogen. The comparison between the proposed method and conventional one which
maintains internal recycle ratio and MLDO constant resulted as follows : 1) Rapidly-varied influent is
sometime treated insufficiently by conventional method, but sufficiently by the proposed method in
all case studies ; and 2) Reduction percentage of CO, emissions is estimated about 20% in the pro-
posed method compared with the conventional method set at standard operating conditions.

Key words : wastewater treatment, CO,, greenhouse gas, optimum control, activated sludge model




