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Economic Analysis and Optimization Strategy of Advanced Denitrification and

Dephosphorization for Low Carbon Source Wastewater Treatment
TIAN Haicheng''* , YANG Honghong', JIAO Wenhai', WANG Lei', LIANG Yuhai*, LU Yufeng’
(1. Jinan Municipal Engineering Design & Research Institute <Group> Co. , Lid. , Jinan 250001, China;

2. College of Natural Resources and Environment, South China Agricultural University, Guangzhou 510642, China;
3. China Institute of Water Resources and Hydropower Research, Beijing 100038, China)

Abstract The wastewater treatment plants (WWTPs) are facing the problem of low carbon source at home, and the cost of adding
carbon source is increasing due to the increasingly strict discharge standard of deep nitrogen and phosphorus removal from wastewater in
different regions. In AAO process, there is competition for carbon source between biological phosphorus removal and denitrification
nitrogen removal. The cost of BOD; reagent to remove 1 mg/L phosphorus by biological phosphorus removal is 0. 154 yuan/m’, the
BOD; cost of denitrifying nitrogen removal is 0. 038 yuan/m’, so the BOD, consumption of biological phosphorus removal can be used
for denitrifying nitrogen removal of 4 mg/L. The total cost of coagulant reagent and the treatment and disposal cost of the increased
amount of sludge for chemical phosphorus removal is 0. 040 yuan/m’, therefore, the cost of biological phosphorus removal is 3. 85
times of that of chemical phosphorus removal. For advanced nitrogen and phosphorus removal from low carbon source wastewater,
AOAO + chemical phosphorus removal process, which uses chemical phosphorus removal instead of biological phosphorus removal, has
the advantage of low operation cost.

Keywords low carbon source advanced denitrification and dephosphorization biological phosphorus removal chemical phosphorus

removal AOAO process operation cost
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Fig. 1 Influent Water Quality of Various WWTPs
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Tab. 1 Standards for Advanced Nitrogen and Phosphorus Removal of Various WWTPs

WK TP, HIKEE,  HIK TN/
e TR VR I R BB M B AP/t ik
(mg-L7")  (mg-L™") (mg-L7)
1 bl ORI KAL) KI5 S HERCRRE) (DB 11/890—2012) A FrRifE 0.2 1.0(1.5) 10
2 RHEH MG AR B G HEEORRAE) (DB 12/559—2015) A FRifE 0.3 1.5(3) 10
30 (AR T REOK 5 S HER ) (DB 51/2311—2016) JREET5 /KAL) 0.3 1.5(3) 10
4 TR CRITEIRAETTE KA EL A Tk AT = KT Y M HE L R (E) (DB 34/2710—2016) 0.3 2(3) 10(12)
B HEIR BTS KA B
5 WIVEAR (RS KAL BT S SRS W HERChRE) ( DB 33/2169—2018 ) BUA AR5 /K AL Bl 0.3 2(4) 12(15)
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(ZE31)
78 SRR B BRI AT b I
(mg-L7) (mg-L7) (mg-L7)

6 WA GRS KA EL F2K5 Y PR E) (DB 33/2169—2018) B 8 g5 /K b 1T 0.3 1.5(3) 10(12)
7 WALE CRIFINREK 5 F I HERObRHE) (DB 13/2795—2018 ) 2% Ly il IX 0.2 1.0(1.5) 10
8 (WIS KAL) EREKTS R HE PR ME) (DB 43/T 1546—2018) — 2 bnifi: 0.3 1.5(3) 10
9 BEWITT (AR TS K AL BT S KT W FR (A ( DB 5301/T43—2020) A %% 0.05 1.0(1.5) 5(10)
10 R CitE AR B £ 2K 5 R HEBRA) (DB 5301/T 43—2020) B £ 0.3 1.5(3) 10(15)
11 ITRa 28 H oK 5 Y W HE bR HE) (DB 41/2087—2021) —2% 0.4 3(5) 12
12 QURABHTHOK S FIAEE, — M 0 T R) (B@K (20223 5) Hdis K 0.3 1.5(3) 10(12)
13 VLI (RT3 V5 Je i HEObR HE) (DB 32/4440—2022) A AR 0.3 1.5(3) 10(12)
14 TLIVE COREETS KAL) 15 Y HERORE) (DB 32/4440—2022) B #3ifE 0.3 3(5) 10(12)
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Fig.2  AAO Process Flow
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2.3 AL O, ( 10% 4 i) $5 34 500 J6/t P, N
FEEBR 1 mg/L 1Y TP, A4 BRwE 2570 A<l 0. 019
Jo/m’ AR R 2550 AT TSN 2 FR

R 2 A EERBER 2GR AT
Tab.2 Cost List of Phosphorus Removal Chemicals

ha=s e Bl HAfir
1 2B 1 mg/L
2 HLET Al & 0.87 mg/L
3 MBI L 2.3 -
4 SR Al 2.00 mg/L
5 AL O, Al 205 1 44K 53% -
6 SEhRAE AL O, 3.78 mg/L
7 AL, 05( 10% i f i ) it 37.84 mg/L

8 KB AL, 045 ( 10% R & i) = 37.84 o/m’

9 AL O5(10% T IR ) P 500 TG/t
10 2= B 25 70 AR 0.019 JC/m’

(2) P52, AE D bR R A 25 BR 1 mg/L
[ TP K275 EHAE 20 mg/L 19 BOD, ) T [ i1k
PR 1 mg/L B TN 75 ZWHFE 5~6 mg/L 1)
BOD, ™" AR R I5 K, 2R AR S R Ay
BOD, T IG5 2 S AE A B 20, R, R4S AN e il 4
D FE R BRI, 0 A TR AR R 1 X
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Tab.3 Cost List of Denitrification

A= TiH HufH Hif
1 S A A A 1 mg/L
2 B 1 mg/L N T2 COD,, 5 mg/L
3 RN COD, BRI Yt 0.78 -
4 T BRI LR A i 6. 41 mg/L
5 CTRAN (259 T it V) $ e 25. 64 mg/L
6 ZFREN (25% T T80 s 1 500 JE/t
7 S A R 2 550 AR 0.038 I6/m’

(3) bR b R A Ak I AU SR A A= TR B St Ak, IR
SR thu s 2 XoF T R [ R v A A R R R AT il Ak 2%
B, LS ARAE RIOE e T IR SR A, 8 e T AR
AW, RA SRR R Z 5, 76 BE A i
MRER A O, MR LT B R A ek 1T .
MR AAO T.Z 8l & AAO 1.2, UCT A5 MR
UCT T 2255 AAO ZBJE T2 (& 3) #x 5 e Rl i
HEAT ORGP DR, — cE FR 2 BRI 175
U R0 VR F i PR R 0 DR AR B ASCR A5 e, {HX T
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SR R T R B R 10 mg/ L, BRIE AN T & LR
5 LIARD ) D 906 e A v S il A5 2T AR 50 mg/L 1)
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SBAE , T SR TR A A SR B AN B, LGP IR
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AAO T 203 ¥4 fin Jm e i 4R XY O Uit — 2D R
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KA
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Y T BRBE 25 A Y 8. 1 f5, AL YIBRBEIN 25
FIBASTHR AN 4 PR,

XoF FARBRIR TS 7K, FE7K BOD, i A /2 LAk /2 B il
ARSI | A ] R FH Ak 24 Bl 0 AR AR W bk
W K BRI e T SR L, R AL 2= B
LR 1 me/L (1) TP B 45 24509 BOD, A] LA &
KZ) 4 mg/L I TN 2Bk, RAMCFEBRIE S 2 IR
FEACFRT 5 G, Hie RN 1 kg Al 2/ 4 kg
TR ARER BB IR el 2.3 SRS AR
1 mg/L TP /%4 8.01 mg/L 1598, T “i5 MK +
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Fig.3  Process Flow of AAO Deformation Processes
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R4 EYBRBER R AT
Tab.4 Cost List of Biological Phosphorus Removal Chemicals

i TiH Hfe L

1 HE Y BR 1 mg/L
2 BOD; JH#E Lt 20 mg/L
3 LIR%N COD, B Y i 0.78 -

4 PR RN 25. 64 mg/L
5 P Z BN (25% T i) & 102.56  mg/L
6 RN (25% T8 i il ) I 1 500 JC/t

7 A W 1 2 500 AR 0.154  Ji/m’

&5 AFBRBEIZT BRATTHE
Tab.5 Total Operation Cost List of Phosphorus Removal

Chemicals

=2 gE| Bl CX A
1 b2 Bl 1 mg/L
2 BT Al & 0.87 mg/L
3 FMEE/R LE 2.3 -
4 TR Al 2.00 mg/L
5 BB 1 kg AL IG5 e it 4.00 kg
6 A2 BRI I A T 5 e 8. 01 mg/L
7 75 e b 5 Ak B Ay 2 663 JB/t
8 ALFBRBEEMAE AT S A ERA 0.021  5T/m?
9 A2 R BERG n  245 50 A 0.019  Ji/m’
10 L BRB AL B A G 1 0.040  Ji/m’

ZE R MBS AAO T2 A KA it A B
BORTAT A AR B AAO T2 B8 AAO T2 UCT
T2 R UCT T 205, JFARMR R IR 5 K T B i A
PR BA AR T2, XHESE AAO T 2171k,
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PN TR | = W 15 o =W R 1 9 = )
AOAO+L2ABRBE T2 (I 4) X FARAR IR T5 K IR
T A SRS T AR TEAIG
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b 3B 2 B SA E K s B K SRR
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95 % ok it A 72 7K K BT, % 15 T 9 7K K 5T B 5K
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O — I St 2 AR it 1 A R ) o R TR KR
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HEC, Ta1 Rz R HE il A 455 Fi 6 R 245 %6 7 2B I HE B,
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Fig.4 Process Flow of AOAO+Chemical Phosphorus Removal Process
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FHAEYIR R 1 mg/L BN, BRI FERY BOD;
Wl BN 25. 64 mg/L, HHE(2019 4ERE T E
Xl A2 2 L HE I R ), SRR AN B RsHEICY
HON 1.6, AP BRBE R 25BR 1 me/L BUBRFHER N
41. 03 mg CO,/L, 22 b BRuiHE R = /Y 6. 69 1%,
PRI, T A U 75 7K 10 T B8 o R PR 8, AOAO +1k
BT T AU BT A ST, EA AT
RAAR T A AL B AR HETL
3 g
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