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Novel Phosphorus and Nitrogen Removal Process for Municipal Sewage Treatment:

Performance Evaluation and Design Optimization
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(1.School of Municipal & Environmental Engineering, Harbin Institute of Technology, Harbin 150090, China: 2.Key Laboratory of Yangize
Water Environment of Ministry of Education, Tongji University, Shanghai 200092, China)

Abstract: A novel modified A>/O process (MMAO) was developed for nitrogen and phosphorus removal of municipal sewage. Bench-scale
study was conducted to evaluate the performance of the MMAO process treating practical municipal sewage at normal temperature. Activated
sludge model CASM2D) was used to simulate the MMAQ process and optimize its design and operation. It was found that the average treatment
efficiency of COD> TN, NH;" -N and TP achieved by MMAO were up to 85.7% >, 66.8%:97.35% and 78.1% > respectively. When influent
COD concentration of the system was more than 300 mg/L, a better nitrogen and phosphorus removal efficiency of 70% and 90% were
achieved. After being calibrated and validated by the experimental results, the activated sludge model of MMAO could simulate the biological
reactions occurred in the systems excellently. Optimization design and operational parameters could be accomplished by the mechanical
activated sludge modeling. Furthermore, the model could also evaluate the process performance under peak load and low temperature and
presented a whole scheme toward the unit combination and operation control. The effluent quality of MMAO process under stable operating
could reach the first (B) standard of Municipal Sewage Treatment Plant Pollutants Discharge Standards ( GB 18918-2002). The effluent of
anaerobic unit was pumped directly into the anoxic unit to supply carbon source for denitrification instead of internal recirculation of mixture
liquid, which would save operation cost significantly. The total hydraulic retention time of MMAO was lower than traditional biological organic
removal system, so it was very suitable for the improvement of existing plant.

Key words: municipal sewage: phosphorus and nitrogen removal; modified A*/O process: activated sludge models No. 2D; design
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Fig.1 Scheme of the MMAO process
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Table 1~ Values of key model parameters

WKMoy A7 cop tefil/ 9 T 245 IAH(20°C)
BRREERE NS 5.52 FIEHE R RZECY) 0.71
SRR LS 22.06 EEREINE S (@) 0.48
TR AT WL C XD 31.03 EER IS (PP 0.24
A WEMRAE I X 33.66 EERELB3E (@ )P) 0.10
FFRE X)) 7.44 FFRE K R ) 5.70
EERECYNERLESUE QTN 0.449
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TR, TWEERH 5 AR s AT B AR IE S
B A AT S0 UF . SRR A 56 F 45 S 5 8
I8 B R AF VLG, WA S ey, o) FH T~ 5 B
TEHIT FLAEAEL; A5 W), R 4% R AT A Y (9 A G
TAE.

RS 1E R 26 2 B BOi 50 2ol , 3% 20 415 A
R UER A 1 B BORSe S, 36 17 41,
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B L2 AL R v, 7 S5 T AN [ ) 4 B
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RIS AT, 1X T2 TF ek 75 R A 2l K 2 I [0 FORS
77, AMAE LS T 2 S AR L IE . 4 ik, ARAE S
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ACT T L SR NE Pl ey iYL I R Bt v e ey
AT A . T2 75 v R O #f e 127K K
B KSR KRR e, DURES 5 K75 7K o ¥t
KA, BE VT 350 000 m?/d, H 7K B v
TRALER )5 Ge Wy HE TR HE ) (GB 18918-2002)— 2 B
P, AR T 4R AR W3R 2; @ i 1T S 8,
P EI . R = 509% » PR 480t 22 6 40 it 1 =
0.4Q, IF %t DO = 2 mg/L, IR & ¥ MLSS = 3 000
mg/L, WL 20°C, Jeii® 10 d oAy s @ 4% 50w
FUI T2 u A AR L, MR 4 It i 54T 45 LU BOK, 7
JE 5 IS IIMIAR BAR s QUL & e AR, AEORAIE
IKIEFRIIEOL T A B TT R @A 5 1) T2
HEAT R gy (1.2 QO IR C10°C)2 R ARG 3~
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Table 2 Characteristics of influent and discharge standards/mg*L~"

i H COD BODs Ss TN NH; -N TP
K 338 155 91 40 27.3 5
Hi7K <60 <20 <20 <20 8(15) 1

RS AIE , PRUEAF) T8 F H 7K E 8 ik b5 ; © ik
T Y [ L R R IR 1 R R A S5 I8 AT S 80 AT
EMRAIBAT R
2 #RE5itHE
2.1 LZEBITER
2.1.1 COD £k

Kl 2 & MMAO T 2% COD 2 BR 2R, coD,, ~
COD,, 7 A2 n k7K coD iR % H 7K coD, HiAl$5 bx
IARELE 3K COD 7E 153 ~ 641 mg/LZ 824K I,
7K COD h 27 ~ 60 mg/L, "V 34 L BR % 85.7% . AR
/K COD ¥ 85 K AH R 48 COD 1 2 B R 8l
FasE, th7K coD KT 60 mg/L.
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Fig.2  COD removal of MMAO

2.1.2 TN HZEER

HEZK TN 1E 32.2 ~ 51.07 mg/LZ A2 ALI, K
A TN 2.69 ~ 18.19 mg/L, V34 LB % 66.8%
(K 3) . HIZKNOy -NF 3 A7 HiZK TN 1 93.4% . %)
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Fig.6  Effluent COD by experiment and calibrated model
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Fig.7 Effluent TN by experiment and calibrated model
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Tk MMAO I 240 2% F B 2% Fh oo X AR 2 AT
etk , &5 W3R 3 FIZR 4. 384 T2 A e vl it £k
FE UG SRR A« SR AL B 1 R B X — S N %

LRI AEAT N T AR
#£3 MMAO TZHIRRMMA It HR/m
Table 3  Different design optimization schemes of MMAO process/m®

BTN REB  FEB B R TR
ey 3125 6458 3350 2500 1250
oAt 1 3125 5 500 3350 2500 1250
it 2 3125 5 000 3350 2500 1250
fitbiit 3 3125 5500 2500 2500 1250
fifeieit4 3125 5 500 2 000 2500 1250
A 5 3125 5 500 2500 2000 1250
kit 6 3125 5500 2500 2500 600
et 7 3125 5500 2500 2500 400
etk i&it 8 3000 5500 2500 2500 600
Ptk isert 9 2 500 5 500 2 500 2500 600
Ptk it 10 3000 5500 2500 2500 600

H1 4 AT AN, 2 U S B A R A 25000 m® 1S
LA BE ) R BE, S 30 K TPNH, -NIREE KR T
DRI I 158 52 P SR B AR M5 500 m® s 6 SRR At 1 1 4 )
B, R BCAE R 32000 m B, K
NH, -N¥#KEE L TFA 2.61 mg/L, 5 &3] T 216 @&
P AV 2 FhASR) T 00 138 47 Faoe 1, B0 A
BEARFUN2 500 m? s 245 AL 5 MR B, R Y L2
A2 000 m® I, T2 A0 BE J) )™ 552 2 5% 0, (1
W LB AR 2 500 m® s Y3 Pk A B I AR, 4
BB ZE 400 m® I, 7K TP 3¢ B e H i R AR, F
P2 BN 600 m® s 555 PR A BEAA AR, Y
ZBA B 22500 m’ I, K TP WK E RN 2013
mg/L, A PRUEBRBERCR , BOE IR A A3 000 m' s
B JE R T AT R, 45 R W, % IidRbn i fe
Wi HE ISR A, I B A — e ik B o )

F4 MMAO T ZHIRE A FRITHRIIE K /mge 1!

Table 4  Effluent of MMAO predicted under different

design optimization schemes/mg*L ™!

Witk COD  BODs sS TN  NHf-N TP
(L asany 32.2 10.82  14.23  9.93 0.94  0.47
et 1 32,18 11.02  14.24  9.96 2.04  0.48
fitkisit2 323 11.78 14.25  11.12 435 0.48
fifeeit 3 32.22 10.8 14.23  10.73 1.82  0.48
fefeeit 4 3227 1013 14.24  11.2 2.61  0.48
At s 32,41 1245 14.24  13.16 7.96  0.48
kit 6 32.19  10.5 14.24  10.11 1.12 0.5
fifeeit 7 32,18 10.99  14.24  10.06 0.98  0.89
et 8 32.24  11.2 14.24  10.17 1.12  0.48
et 9 32,22 10.63  14.24  9.98 0.92 2.13
et 10 32,29 1032 14.24  10.17 1 0.5

2.4.2 =V A A AL
L2 BT B AT 4 5 JEAT w5y 06 47 Ay
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AR C109CO2 AR S A1 N 1 L2k, 45 R
5 ARG AR, AR W U N AR BT TR
8 S 7K IE R HE T R B2 B R 10°C I, 2
AR AR H 22, tH7K TNWNH, -NIR BB b
%5 BEARFMKENC?2 MIERT T ZEEL K/ mg 1!
Table 5 Effluent of MMAO predicted under peak

load and low temperature (10°C )/mg*L~!

iH COD BODs  SS
TR U B A AR A
R A (10°C)

TN NHf-N TP
33.28 12.78 15.33 11.11 3.8 0.53
40.16 19.86 21.01 26.21 24.13 0.6

N TSGR N T2, W T A
RUSATSHOF AT PR AL, 25 W3R 6. I U B
AE RSB DO H1 2 mg/LETH R 4 mg/ LI, fiAL T2
HK AT IE AR, H SSVTN FINH; -NA5Fi5 b O 422301 HE i
PRt R T H s L AT R AR K I A B A R
#496 000 m* > DO B A 4 mg/L, W T2 H 7K % BT 45 b
Byl ishs, FE A — € MR sh W B, A T2
AT 58 5, B e LA Ry - DRAUBE - IF A B - AR
B R B U4 B = 3000 m’ 1 6000 m’ 22 500
m’ :2 500 m’ 600 m’ ;s RIS K IJIF R RIZ 4 7 h,

R TH MM A0 L2, I 4 A0 T ZTHOA
R L ZME M T2 Sug i, K A0 T
SR BLCA BO SO IR B I A BLCo BO )
7 B SR AE B AR S A IR ) s AR IR 20 IR AR
By i Ap B R SR B v e RIR AR

#6 MENCCOREBTERMZITEH

FHTHIZHEME K/ mge 17!
Table 6 Modeling effluent of MMAO under the altered unit volume

and operational parameters at 10°C/mg*1.~"

i H COD BODs SS TN NHf-N TP
DO =3 mg/L 40.21 19.12 21.01 24.18 21.79 0.97
DO =4 mg/L 37.55 16.95 19.27 18.23 14.4 0.6l

AR BEARA6 000 m®  34.57 14.83 16.45 15.72 11.33 0.6

2.4.3 BITSHMN

(DEMRE W 7 P, fEsok &40 N, ik
T2 A BRI i i B R A (DO, B DO, R
1.5 mg/LINS, T 240 38 7K R & A HE T v Ve A7 A
I U 45T M R AR T T &8 i, B sy 0
g & DO, Al DO, 4E+F7E 2 mg/L, {K¥ T DO,
DO, 4EFFAE 4 mg/LA A

#x7 AEBMREEHETH MMAO TZ R HE K /mg-1.-!
Table 7 Effluent of MMAO predicted under different DO levels/mg® L.~

iH COD BOD;s ss N NH{ -N TP
DO, =2 mg/L, DO, =2 mg/L 32.16 10.53 14.12 10.33 1.09 0.5
DO, = 1.5 mg/L, DO, =2 mg/L 32.23 9.51 14.24 9.74 1.03 0.49
DO, =2 mg/Ls DO, = 1.5 mg/LL 32.3 10.34 14.23 10.29 1.01 0.51
DO, =1.5 mg/Ls DO, = 1.5 mg/L 32.23 9.65 14.24 9.74 1.2 0.62
DO, = 1.0 mg/L, DO, = 1.5 mg/L 32.17 10.01 14.24 8.95 1.47 1.14

Vs RFNR LA 6% 1F DO it
LG R B A, UL T E RS e Rl L, A
PGSR, Y R B2 409 I, T2 H7K TP W8
brs RAETE & KGN REREFE: GBI R N 45%
~55% AEBCVE DO~ VG R B U RO BE 45 41, it &
L 0.350 ~0.40Q 7T 2 AT K

3 g

(DMAAO T2 H PR BB IR 5 % 5 B X
B A BEHR 3t S Ao B U ED A 17 268 e 1 O S0 I 8 2k
R RGXT COD TN NH, -NFI TP #1134 25 B % 7y
N 85.7%66.8%97.35% K 78.1% , ke € iz AT th
K AT UIE B O s K A BT 5 G HE bR T ) (GB
18918-2002) 2 B i AHFRBERCR 52 HE/K COD 5
2K, 24 COD fIX T~ 250 mg/ LI, B 280 R 25 A4k,
B2 B A B 2 B 24 COD 7E 300 mg/LEL FH,

It S 3% Tl AR 38 L T 3 IS E 70% A 90% > H.
IBATRRGE .

(2OMMAO L2245 25 K& B P IR, 19 m /i
SRR A VRO A, 32 AT 9 T ) SRR AT s AR G0 e A B I
) L A A% S8 00 L& BRAHLYS G oh 32 i) A=y b PR
L EIMEAIG, 1% 2508 360 B AT AN H AT 3t 0B 1o
Dhfers/K) B ioE

(3 EE TR0 25 R 7. 1) MMAO T Z 30 B Y
D7 AR AT, 6 % BC A A AT AL AL, 1R
FZITANR] TR () T 20847 RO, SE8L T 24
Lo Wis T S 8k, A T2 0T KM ok A7 S 47
RS S HE
S 3Hk:

L1 ] TS0, pit 50 TS K I U i L 2 B o [y 1. A

BHEOR A2 2R BT R 15D 5 2003, 2001): 85-87.

2] kA, R, MR, . A2/OTL 2000 AT i R0 5 SR 5T
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