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Stable Operation of AAO+MBR System with Low Consumption
REN Cheng, MAO Yun-fei, ZHOU Ke-fan, LIN Ling, LIU Zhi-gang
(Ningbo Municipal Sewerage Co. Ltd ., Ningbo 315192, China)

Abstract: The original phase [ project of F municipal wastewater treatment plant in Ningbo
adopted AO process, and the effluent quality was required to meet the first level B criteria specified in the
Discharge Standard of Pollutants for Municipal Wastewater Treatment Plant (GB 18918-2002). To
improve the effluent quality and increase the discharge standard to surface water Class IV standard, the
plant was upgraded by dismantling the original phase [ process and constructing a new AAO+MBR
treatment process. The measures for solving the problems were explored such as high power consumption,
low TN removal rate and high carbon source dosage in MBR commissioning. After upgrading and
optimizing the operation, the power consumption was reduced by 6.6%, and the dosages of carbon source
and PAC were reduced by 28.7% and 3.8%, respectively. In addition, the effluent TN decreased from 16.4
mg/L to 9.3 mg/L, the effluent TP decreased from 0.61 mg/L to 0.21 mg/L, and the effluent COD decreased
from 19.69 mg/L to 15.55 mg/L.
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fe G Y B AR T A, R
BRIBARH M4 8 , MBR T. 25 R 4 itk COD \NH,-N
TN, TP ¥ & 43 %] Jy (150+50) ., (15+5) | (20+5) .
(3.3+1.2) mg/L,,COD/TN £} 6. 3. JHikizfrH &
B, MBR 7K U5 fifp S0 B2 i i, DR AU B AU A d i
B (ORP) AT, i A PR 4 RS A JHAE Ko % 30 e 48
B AR BB A AR AR

EHEEXT MBR T 278 T U Fim K AR BH T #2
Pl i i HAE O, ¥R MBR T 2 R 4c bz
P R, 256 2019 4E VA Sk 17 LUK AY 5
B O, 76 H K K B 2 ISR I T4 T, 40 #r BE AR
BRI AR 7k, B TE R [R5 K b 3 iz
rift=%
1 TEBL
1.1 IiENE

JE5 K AR BT oy SRy — RN 4, PS5 b K
S 10%10* m¥/d, Herp—Hi5 K Ab 3 i8R 3%10° m/d,
TV K AR R 7x10° m¥/d, ) X i T R 2 R
5.4 hm’, 4@ bR B0E TR R — 1 T2 RER IR A
MBR T.ZE &G CRHALEZE R 0. 1 pm 1y 25 27 4
JIES) L BT Ab B Sl Sx10° m/d, Ji 3 A B 7%
10* m*/d 7 28 5x10% m*/d, $EFR 0 T RE B A
B A 95 2K A BT PR IS
1.2 #HAKKRRIZRE

T F V5 KA S B K K B AR R T K T
PR A, TR B A7 A o i fomr , V5 K AR B 2015 4F —
2018 A 7K AR BT o WL 1,

F1 20155F—2018 F kK RIFR
Tab.l1 Influent quality from 2015 to 2018

mg- L
WH | COD | BOD, | SS |NH-N| TN | TP
20154 | 2359 | 89.0 | 150.5 | 21.8 3.8
20164F | 2359 | 94.5 | 162.2 | 23.7 3.4
20174 | 2373 | 92.7 | 1640 | 214 | 29.1 3.6
20184F | 188.6 | 72.7 | 1299 | 20.1 | 26.6 33
M | 2244 | 872 | 1517 | 21.8 | 279 35

Fi5 K Zb 31 2015 4E—2018 4= g /K DA A 7% 75
KA T K ERRE . PR AT, T U F {5 KA B
LA h— 8, T2 mBRwmE L s, R

— I I TR AT B T AR A, AR T 2R
K A B e e i K B , Feh T XA K
2l — R,

TR T
(3x10* m*/d) (7%10* m’/d)
ik FFRANE K
— I FLA T
(awmoe) [ EVRE | (B )

l

[ ammecn —f e | ()

St

AT
15T

g

i:E y
PRk 4L 2

HK

B1 REFMEN XIZiRiE
Fig.1 Flow chart of wastewater treatment plant before

upgrading and reconstruction

PERR R Z AT, F 5 KAL) H KK T O
BTG K AL BR )75 Y Wy HE R #E ) (GB 18918—2002)
— 2 BhRE, 2015 4E—2018 4F 5 — i K K 5 fi5
&2,

&2 FE—HHHAKKEESR
Tab.2 Effluent quality of original phase I of the

project mg- L™
Wi H CcoD SS NH,-N | TN TP
20154F | 22.15 17.6 1.04 17.4 0.76
20164 | 20.23 16.2 0.69 16.5 0.69
20174 | 19.55 18.4 0.75 16.1 0.58
20184F | 16.84 15.2 0.48 15.6 0.42
EIME | 19.69 16.9 0.74 16.4 0.61

PEPR R 5E R  FI5/KANE T T2 n A an & 2
Fim o JE— 1 TR AR S bR i s S AR R, B 5 8
## AAO+MBR R4t , — W4 bn it J5 B 4 TR 32 Ak 1
T BAKTIERR IS AT 1 T HE bR
MBR T.Z 15 21| 7 2 IV 2K AR (TN 45 ] 7E 10 mg/
LN o ASBFFE 32 24T X — W bR le J5 MBR &
SLB AT U T 2 Ak 7 R HEAT A, oy B it b
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Fig.2 Flow chart of wastewater treatmet plant after

upgrading and reconstruction
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Fig.3 Flow chart of MBR system
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Fig.4 Cumulative frequency of power consumption per

unit water volume
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Fig.5 Cumulative frequency of carbon source

consumption per unit water volume
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Fig.6 Change of DTN, NO,—N and NH,-N along MBR

system
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Fig.7 Variation of parameters under different reflux ratio

of aerobic to anoxic section
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Fig.8 Variation of denitrification rate under different

60

reflux ratio of aerobic to anoxic section
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RAHTHE T, BRI FR ARt A2 [R1 5 TR A Y v i i 41
BT Be o AR EI, Bt A i PR RS B4R 3. 4~5
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Fig.9 Variation of transmembrane pressure with aeration

rate
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UF AR B i E AR T R . BEE KU TR A
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i 3 AR S BT & L, MBR 22 40 P4k B X R
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T PNV o B (VA 22K T 40 em, 38 1 B A A R
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Fig.10 Adjustment of carbon source dosing points
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Fig.11 Change of nitrate nitrogen concentration along the

process before and after optimization
4 RACBATRR AT
4.1 HkKE
Sk X A 2GR B AL AL, GE T
AR A AR B2 T T AR A R
PR R4 = . PR AK S MBR Z 48 9 HE 2K K J5 1
N3 PR

#3 MBR &4t th kK RiER
Tab.3 Effluent quality of MBR system

mg- L™
W H | COD | NH-N | TN TP SS
11 15.65 | 0.108 9.7 0.19 <5.00
2 A 15.77 | 0.128 9.0 0.21 5.03
34 16.00 | 0.118 9.2 0.22 <5.00
4 H 15.65 | 0.205 9.2 0.22 5.03
51 14.38 | 0.395 8.7 0.24 <5.00
6/ 1532 | 0.117 9.5 0.20 <5.00
71 15.77 | 0.158 9.7 0.19 5.10
8 16.22 | 0.264 8.8 0.21 <5.00
9/ 1523 | 0.137 9.7 0.23 5.16
T | 1555 | 0.181 9.3 0.21

23t T 2MALIS L KK B A5 2 KR BE 42 e

Horfr SS BRI B I, F2HA B 70 B SO AR LU TE
th [ SR DT A B R 28 A3 5 /K TN Bl iR —
W16 16. 4 mg/L AKX 2 9.3 mg/L, /K TP H1 0. 61
mg/LIFEAKZ 0. 21 mg/L, Hi7K COD [ 19. 69 mg/L &A%
£ 15. 55 mg/L,
4.2 HRALBIEEEFERTLE

2ot UL Z R AR S  MBR RETERaE i
NIV AEHEbRHERRTEE T (515K ) Pril 254
FIREFEFEMN (MBR RAEBFEAGITHE RS . 1L
AT T 5 55 I K 20. 34 me/L, J§ A K 308. 10 J3 I8/
4 iF 55 PAC 4 10. 32 mg/L, Ji. 75 4 108. 30 73 JT/
A TR HLFE M 0. 362 kW -h/m’, Jl A< Ky 396. 39 J1
JCAE s AR BT SR AS S 812. 79 JTJ0/4E . DAk )E BF
TR A 14. 50 mg/L, LA K 219. 64 J5 JT/4F 5 T 5
PAC 4 9. 93 mg/L, B4k 104. 21 J7 JU/AF ; BT il i
FE R 0.338 kW -h/m*, il A2 370. 11 T3 J0/4F ; i fk
J& BVEA R 693. 96 1 T/ . FiE H 34 5x10° mPAb B
WA, St A s | IR 25 FERE MK 28. 7% , B34F ik
PR A ] 524 88. 46 J1 70 (COD 5 0. 52 mg/L 1Y &
iR B IR A Sy 825 TT/) 5 FLFEREAIR 6. 6% , Fg:4F- 1]
W5 L L FE AR 26. 28 7T ; PAC 25 FEFRAIK 3. 8% , &
AR LY AR 4. 09 7T 5 BAE RS AT AR W] T Yy
118. 83 J3 G, BRI 3K 14. 62% .
5 4

O  AERET #7581 &3, MBR & S kI3
5 hn 2 e 72 10 JE DR PR e S R 4 0 B R SR Ak
THFESE N, I FBU R AR R

@ BRIER 2 S BN 2, A RO R
I FH 265 3 Ao ek 0 R B 8 3 sl e 4 XU, T
HLFE AR 6. 6% , H LA G0 W 47 S il Ak s vz
T B IR BT 4R TN 25 BR, ( flk 5 24 FE PRI
28.7%; ZHAE T2 BAE T 2L 2% 26. 28 T 0T, 1Y
TR 2555 3% H1 88. 46 Ji 7T

@  ZIAREE ), 1 COD f4F S HESR
1 68. 60%, 1 m*{57K COD JskHE 42 T 14. 42% ; itk
FRAEARXT SS 1 A BA AR B T vE T [ AR TR TR AT
BT, HK SSHALEFEE 6 mg/LLIT .
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