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Abstract [ Objective] To address the core industry pain points such as low denitrification efficiency, carbon source dosage waste,
and lagging process regulation caused by the imbalanced carbon-to-nitrogen ratio (C/N) in the influent of urban wastewater treatment
plants (WWTPs) , improve the denitrification efficiency of sewage with low C/N, and promote the green, low-carbon and intelligent
upgrading of the sewage treatment industry, this paper develops the relevant technical system. [ Methods ]  An in-situ precise
biological denitrification technology system based on "real-time online monitoring-multi-parameter collaborative modeling-dynamic
precise regulation" was proposed. By integrating a high-precision online nitrate nitrogen monitor, an improved dynamic carbon source
demand prediction algorithm, and a programmable logic controller (PLC) multi-parameter collaborative control model, an intelligent
control system centered on the linked regulation of carbon source dosage and internal/external reflux ratio was constructed. A 12-month
engineering verification was carried out in an urban WWTP with a capacity of 100 000 m*/d. [ Results ]  The technical system
achieved remarkable comprehensive effects; (D The stability of denitrification was significantly improved, the daily average range of
effluent total nitrogen (TN) decreased from 4. 00 mg/L to 1. 50 mg/L, the variance decreased from 1. 04 (mg/L)* t0 0. 18 (mg/L)?,

the fluctuation control accuracy increased by 64.4% , and the effluent TN stably met the standard; @ The carbon source utilization
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efficiency was significantly optimized. Under the harsh operating condition where the influent C/N ratio decreased by 27. 3%, the unit
consumption of carbon source dosage decreased by 17. 6%, and the carbon source cost per 10 000 tons of water decreased by 17. 4%,
effectively reducing the operation cost; 3 The comprehensive benefits were prominent: online monitoring replaced manual detection,
saving 116 800 yuan in annual detection cost; the regulation response time was advanced by 6—8 hours, greatly shortening the response
cycle to water quality fluctuations and effectively avoiding the risk of water quality exceeding the standard. [ Conclusion] In
summary, through the in-depth coupling of algorithm optimization and process parameters, the intelligent control system breaks through
the technical bottleneck of denitrification for sewage with low C/N, provides a feasible intelligent solution for efficient denitrification of

sewage with low C/N, conforms to the digital and green development trend of the sewage treatment industry, and has important

engineering application value and broad promotion prospects.

Keywords in-situ precise biological nitrogen removal; low carbon to nitrogen ratio (C/N) ; programmable logic controller ( PLC)

intelligent regulation; dynamic carbon source prediction; multi-parameter collaborative control
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VIR AR 0B IR AR 29 Sk 29. 3 TG, LT AL A
ITE N

F1 BERASW

Tab. 1 Cost Analysis of Carbon Sources

| B i EleciE
AEFE K A/t 2394.997 J3 2228.302 77
AR FERR IR IHAE B i/t 1 629. 170 1 251. 865
TRIR e/ (mg - L) 68 56
BRI/ (J61 ) 1030 1030
R/ IT 167.8 71 128.9 7
T3 Wi 7K B AR / 76 700. 6 578.7

BERCRIETE D N TR B e S T2
A ERUAT AR N T T2 1460 h, 55
BlSRE AL 40% ; [FIRT, 2R 40 50 B0 20 7 F sl ik
Pl AR T A AR IR 2 AT RO akE T FREE XU
2.3.2  FReEE R G Ak A A A 1

1) RG]

REFEHET AT 64 TG, BARMAL. (1) #
W & B F NOS-N 8T 2 6, 50500 28 3 T Bk
AX SR, ks R 12.5 TTow/ &, S s e 14
AR T304 M B2 b SR M GRFE AT S
BeE it 25 o0, ARSI IO eokiE
SIHTHAR  TCARER RS 75 I [ Bl UE , D A X R 22
INF 5% i amE it 10 a, (2) B4 2%
5 PLC 225 Rl I B R T & ki AL b
PEMLA T A i B FHs x4 8, it 12 5 oe,
(3) FLERE M s A FE 15 S B B il 4 T2
IR BEINZE 5 P8 A Il 2 A8 A i v, 2631 15 506,
(4) AR T S A e R ol | vl B Al 1
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KRG A3 12 T,

2) 4 s Yk A

ERE B e A2 K 0.264 T 0,10 a Bith
2.64 JiT0, (1) WIS BT TCREM 5 HE,
IR R R EACHE 1 R, Bk B I 80 JT,2 B4R
KSR R 640 J6, H 5 AL T 1 T B Sk 1Y 22
BN TEE, (2) By 7w, A A
B HEAr S s 2 e e R 0.2 ot A Tz
771, B I BAR N BAHEHRSE B, A= AE RSP T
BA

ZE R, A I 10 a 2 Ah 66. 64
T IC AR LR AR 6. 66 TT TG,
2.3.3 BRSNS

WA & i  TCAEM SRR E K iz 2 s i
I, BE T4 40. 98 T3 TCHY B AR 2, $8%% IT i
1 64(J7IC)/[40.98( J1It/a) —0.264( J1Jt/a) | =
1.57 a, ZBF A AT RS
3 ZitERE
3.1 #it

AR TR AL A A A RS A 0 RO RE ) &R
4t NOS-N 7EZ W | 2 S 80 [A] 53 5 AT
BTSN, S T G R A SRS R 2 | ke T
TR T AP e B IR 2% 4 ) i,

TRERIEFR A FEE K C/N F#AIK 27. 3% A F]
FUET RGN Re IR AR e M, K TN H ¥9{E
W2z M\ 4.00 mg/L BEZE 1.50 mg/L, /7 2 M 1.04
(mg/L)* B 0. 18 (mg/L) > ; [F] B i Y5 4% Jin B RE U,
D17, 6% , J7 W KB IR A T B 17. 4%, 275 3 %5
B,

RGO HAET . OB A5 JRTE B IE R
B, BT T RIS SR TR B ; @FF K iR 5 N
AN H IR S R B S 2 SH R AL s O
AP PR R SRR, PR B B (8] < 5 min, 2T 6~ 8
h T K AR A 3 )38 1 15 B R 35 BT X B 2
SRR A T RN B S T Al
3.2 RE

Fn AT 7 i if— 25 itk R et g . O3
AL 2 > 5 (A0 S ) 4% 49 28 ) 2% | BE AL AR
)G Z RS (IR pH) |, FETHIR IR T
RIS B ; @FF & DO 556k U5 4% Jin 1 By ] 8 4 5
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W, i — DA R A 52 L 25 1 s T A [ LA |
ANTFK B 26 AR B RS UE, 97 R EOAR N HITE
RARGE NG KA TR C/N {5 KRR B T
BREAL AR TT 58 WS 5 KA AT B Al
ek EAA T E T,

S 3k

[ 1] ZfRzé, T, XS, 4. B ae s i il 35 4o b i K pir

JURLRETFAR [ )], 47KHEK, 2023, 49(4) ; 118-123.
Li C J, Ding Q, Liu J, et al. Construction and application
efficiency evaluation of carbon source intelligent dosing control
system[ J]. Water & Wastewater Engineering, 2023, 49 (4) .
118-123.

(2] kIb, Br&m, R, % R0 S bl Zm 25 R 5t
TETER) R T]. T ARET, 2023, 50(15) ¢ 139-141.
Zhang S, Jiao Z Z, Zhou J Q, et al. Application of precise
denitrification and nitrogen removal dosing control system in
sewage plant [ J]. Guangdong Chemical Industry, 2023, 50
(15) . 139-141.

[3] RFAT, ERER, BT, % WIS Kb 3 5 I 4 fig

BompEhlE R ()], BB TR, 2022, 40(6): 212-
218,271.
Wu Y H, Wang X D, Chen N, et al. Full-scale study of an
intelligent carbon dosing control system in a typical urban
wastewater treatment plant [ J]. Environmental Engineering,
2022, 40(6) ; 212-218, 271.

[ 4] Brfa J5K0H) BRIEBERINAERGEERS5EHI].
TRl 2024, 10(214) ; 58-61,70.

Chen J. Construction and application of automatic control system
for accurate addition of carbon source in sewage treatment plants
[J]. Straits Science, 2024, 10(214) . 58-61, 70.

[ 5] KhER, A, SR AAO T 20KS 40 Ak B S04 il e R AE 3 I K
SRR T]. HoKEAR, 2024, 43(12) ¢ 119-127.

Lu Y, Shen Y. Application of improved AAO process for refined
denitrification control technology in a WWTP [ J]. Water
Purification Technology, 2024, 43(12) . 119-127.

[ 6] GB 18918—2002 IG5 KALIE V5 Y W HE AR HE S].

GB 18918—2002 Discharge standard of pollutants for municipal
waslewater treatment plant[ S].

[ 7] RILH, BE&eE, BRME, & —Fh AU A4 P 5 &5 7K
AL BRI )7 . CN202310082051. 2[ P]. 2023-04-28.

Wu J W, ChuJ X, Zhao X J, et al. A control method for in-situ
precise  biological  denitrification  in  sewage

CN202310082051. 2[ P]. 2023-04-28.

treatment ;



