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Development and Application of Digital Process Operator System in Urban WWTPs
WANG Lihua"*, CHEN Huijuan’, ZHU Mingrui'

(1. Shanghai Chengtou Wastewater Treatment Co. , Lid. , Shanghai 201203, China;

2. Shanghai SIPAI Intelligent Systems Co. , Ltd. , Shanghai 200233, China)

Abstract In the context of China’s economic and social development transitioning towards greening and low-carbon transformation,
wastewater treatment emerges as a critical domain for pollution prevention and greenhouse gas reduction, facing dual challenges of
enhancing treatment efficiency and reducing carbon emissions. This study aimed to establish an intelligent digital process operator
system driven by production data, employing a variety of technologies including statistics, fluid dynamics theory, and machine
learning. Focusing on a specific wastewater treatment plant (WWTP) , this research utilized the XGBOOST machine learning algorithm
to develop a comprehensive sewage volume prediction model that takes into account factors such as upstream pump stations, regional
temperature, and weather conditions. Based on the operational principles and historical data of the wastewater treatment plant, process
parameter prediction models for various process segments were developed by integrating " mechanistic" and " mathematical" approaches
using machine learning and fluid dynamics theories. A digital process operator system for the wastewater treatment plant, comprising
three-tier architecture of production site layer, control layer, and decision layer, was constructed and applied in the WWTP. The
research findings demonstrate that the digital process operator system enables intelligent scheduling, process parameter prediction, and
other intelligent decision-making functions for the wastewater treatment plant. Compared to the same period of the previous year without
the system, the removal rates of total nitrogen (TN), ammonia nitrogen, and total phosphorus (TP) have increased, with an average
decrease of 4.98% in electricity consumption and 4. 11% in chemical usage, achieving the goal of pollution and carbon reduction,
while enhancing the digitalization, greening, and intelligent level of the WWTP.

Keywords digital process operator machine learning intelligent scheduling process parameter prediction  pollution and carbon

reduction
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Fig. 1  Process Flow of Urban WWTP



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 43 ,No. 9,2024
September 25th, 2024

SR STV KA BT K TR A A 5 TS
JKALFRT™ 2020 45 9 H—2022 4F 9 A X 2 £ H
A B 5 DI 2 AR | I T A RSN AR A A
WE 2 Fros, BE 2 1AL 5K B H Ab B
SR R I OE A OCSOC &R, TR H AL B 1
SR IR R BIEAH GO R, [FIEE #F 58175 7K
AR5 B b i WA A AR AR 25 2R a0
K3 Fin, ME 3 ATH, %5 KA B H AR & 5
VR R AR R R BEM KR, T L
WEAE AT, L5 oK) /3 d HAABE & 77 3 d °F

PRREE HT 3 d BERTIE Y H 2 B RN B A R
BASR, LATE oK) H AL H R S8 R A
XGBOOST 5.3k ## 7. 75 /K ) H Ak Lt 761 0 455 A
DL 3R i 4 1 1 2 A8 B00HE 19 70% S U 2R AR
£ 30% h IR R AR 48 E AT I 2R RN 2 2, LU
XGBOOST #5825 £ 4 2 85, Horr, 22 2] S AL %
BN gbtree, 22 2 Rk 0.3, W ) B RIRE B N
5, BRI R e vERT T 98. 8% , i 48 vERA 1 Ky
96. 8% (&l 4) , Jhy B T 5 7K Ab B T K o 48 A3
XL

2 FARF R B DT il R A Al

Fig.2 Variation of Daily Treatment Capacity with Regional Average Temperature and Precipitation

3 HALREES AR A A
Fig.3 Variation of Daily Treatment Capacity with

Upstream Pump Station Flow and Water Levels

B4 oK P A A 1 0 45 SR AN S PR 4 R0 L
Fig. 4 Comparsion of Predicted and Actual Results of
Predicted Model for Capacity

2 EKAE TZSHMNEREN
X 5 KA BT s AT R S T B AT

FEHEAT 8T, R Ge 22 HE AR 22 HE BLa
2R ) SR AT LB BB (5 K Ab B
T T 2B S INARL 5542 T 2R 55 2 B0 A
R AW R SN2 TN V5 e 2R G55 BT AR A
M2 R G SE A
2.1 RARZSHFMEE

EEXHRTE RGBT IR, R AR ) 2E e
SRR TR AR AR, DR R TR
YUBATRCRIEAT SR PPAR S 3L B vPAl I o i
T R AN TR) I S () 2 4 AL FOAS R K O T
PR HRCRARAC I, X G 22K iz Bl b &
WA G, Do R 2T R ALk RIS T,
Hpradtm i Rasm=(1) .
Uﬁ -0

AU

(1)

-P
H=(H, -H) +——"+
pg

/E\ZEP ;H—:f}ﬂ‘f‘%,m;
H,——H 5 WAL, m;
Hq LRI, m;
P,—RJ5 571, Pa;
Pq ﬁﬁﬁ}f)’j,f’a;




THAE, PRetE , R 5.

WA K AR B Ry T2 B RGO R XV

Vol. 43, No. 9,2024

RJF WARAHE , m*/h;

vy
v,—— FERFATHE, m*/h;
p—— R BE ke/m’;

g—H I m/s%;

[ LT
R 1R 2 RSB 1 s L

IR SR m,
RIARHBCRIH A RIE N (2) .

) =IIZ“' x 100% =pg?7‘H' x 100%  (2)
i=1
Hrpy Rl AR
P, RAABINFE W,
P, FAMEATIFE, W,
0, s, m/s;
H, K, m;

RAFANDEEG
P,—HRHBERNEATIER,W,
2.2 HEYRZSHTMEE
RF & — e slUAT W= ) Bk i i it 2

3 500
3000
2500t
%2 000
=
1,500
1000

500

0
100 200 300 400

i&ﬂ(CODCr/(mg-L“)

(a) #7KCOD 434
2000
1500
1000
500
0

0 1 2 3 4
APPBAIHDO/ (mg L)
(c) LEWP A IHDOSM i

1250
&1 000

K 1000}

AP RIFEAR DA TN S T 23 i LA
FARBEBINRLE AR EEE 5| ABEHLE , A 3L
PETF T AR AR (0 A BT RE T, BRAR T i L&
WS . AR, RF FEALBRAST- i it S B R4 I 201
iR 22 | e IR 35 v ) A 0 G A ik ke 22 P
T 1) R AR R

VR GERTKT B TG TT, W5 K
I ERRIBEFERIC, AWM RGBT RIJE &
ARG AL PR A5 K AR BT REREAK O, S Sk
BTG IKAL BRAE ) R AR e T RERRAR IS AT, B
WIS R %K) D s AT i KAk
Fits A (COD, ) (HEKZ A S AW Bt th s
fit 4L (DO) R i ) K 2 A E AL LA, AN 5
HI &l 5 W%, % T5 KRBT COD,, R EEH T
100~320 mg/L, #/K 2 Ak £ P T 15~ 35
mg/L, DO BTt L L T 0.8~2.8 mg/L, /KA
R EWRIEET T 0.986~1. 319 mg/L, HP-H{EH />
5k 226 24. 64 .1.87 1. 01 mg/L,

FE_L R R 1, LLitEZK COD, ik & A Al

2000
1750
1500

750
500
250

10 15 20 25 30 35
PR E A/ (mg L)
(b) HKERS i

2500 F

2000 F

1500 -

500 -

100 105 110 115 120 125 1.30
AR E R (mg L)
(d) AR IR E RS i

5 BEK COD., &AW B 1T DO (KA RG34 R

Fig. 5 Statistical Analysis Results of Influent COD.,, Ammonia Nitrogen, and Effluent DO and Ammonia

Nitrogen at Outlet of Biological Reactor



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 43 ,No. 9,2024
September 25th, 2024

A= R b A s K R A DA ) SOl
I DO A S5, R RF BEESLZAEY R SR
DO 5 A5 70000 A5 B 5[] i, LAFE 7K 3 4 | ik oK
COD, , # 7K 2 &, A ¥ ) i Wi DO | 75 ¢ ¥k JiE
(MLSS) FRLEE My A S50, D AE W) SOy B < iy i
HSE R RF Bk e o7 LM < A A H
kAo (3) M= (4) .

Do = /i (Ceopin» NNH3—in ) NNH3—0\11 ) (3)
Q. =/(0Q,, ’NNH3—iy1 s Coonin s Myiss 7Dl)0-lgl ,T) (4)

Hrp.Q,, — W R, m’/h;
DDO-tgL—éE % }i Fj ‘7’@, DO ﬁ ﬁl:u E 13%,

mg/L;
Coonn——T5 7K Ab B0k COD,, i it
%Eg,mg/[‘;

N 157K AL B0 3 7K 3 805 ik o

Ji°3 ,mg/L;

N o=V 7KAE BT A 1) S 07 AR

HKE R E W ,mg/L;

Q. — =W R B K, m/hy

My ss—E W0 5 B b 35 U B R R,

mg/L;

T—HE Y B IR, °C

RV N7 o R, UDT SR iz 4T 2020 4F 9 H—

2022 4F 9 H X 2 AEEAEAE ) 70% V5 R 24 ,30%
YRR Bl 2 1Y 709% /5 M I 4R 454 B T4
R G S0, PR R Y72 AL RE 7, A 30% /Y
s T I e A 3, o7 DA O A R 8 10 B0HE R T
ARSI By M B I A T RS RN ) T B R 25O
4. 1% ,MEREE R E N 10% , 455 01K 6 iR,

B 6 P TN R T 00 235 2R S g X L

Fig. 6 Comparison between Predicted Aeration Rate by Aeration Model and Measured Aeration Quantity

2.3 BiREGZSHINEE
ST IET Ve AR Y R B e B T 281y
PR, N7 A I A [ R A 15 e HEJE 2 il

B, AGRUE AR W SRt 5 e v e, fe ik RGO Fe
RGBT

(1) 1598 [l S R Tt A 7

PTG ARAE PR 5 U8 PN 1T 2 AR ) S L 4R
DX i [ 3L 22 e 4 DX, [l 3 e 7 AR 22 2 0 AN R
AT PA [ 9 8 00, 3 e 80 R [l 9 2R AR A ) A
Mgz /b, B, Bz T2 BR, itk i A
Py SO KA R 75 KT AR S K TN Ry i A2
B, VLA D 2R 8 i 280, R RF #2572 A [m]
TR PR, Fak i (5) .

Fy :f3(TTN-out7NN03’Qin) (5)

Horpr o Py —— B0 G204 St A 1A Ha
Ty AN 7K TN Ui mg/L;
Ny, —— AR WA Y R R

mg/L,

R ST kb AR e, L 2020 4E 11 H—2022 4E 9
A3X 2 AR AT By K LD A2 W SN R KRS A
157K AR 7K TN I P[] 30 2 430 28 B8040 1 70%
YERINREE ,30% 1E R MR AL AT YN 2R g 2], r
PN [ 3 2 A0 SR 000 AR AR (g I R T B R 22
94. 7% , M X 5 - ¥R 220 93.5%, &5 R Kl 7
Fi7R o

FE DY E] 0 S AR T S Ay L, 3 o4 [l R &
LELER RN AR 2 Rk R S (1) BIRT 58 4 [
TR AR AR AN N [ 4 A, BT AR 4
137 AR i e — AR R v i 2 U i A 20 [ K (6) ]
THEAR Y P Rl 2 0 i AR L e A K i, T
BN E RGN I, ik anst(7) .

h, =k, Q3 +szm(]J:P’i) + (f"”)zc (6)

s s

= QW) 100% 7
7 %mx 7




THAE, PRetE , R 5.

WA K AR B Ry T2 B RGO R XV

Vol. 43, No. 9,2024

(a) < TR - SRR

0 1 1 I 1 1 1 1 a2
010000 20 000 30 000 40 000 50 000 60 000 70 000 80 000
WGREREAG

® o

o RV N e VT e

0 L - 1 1 . L F:
0 5000 10000 15000 20000 25000 30000 35000
WHREREAG S

B 7 PN IRl SR AT A T AR R FT00 25 SR S PR 5 SR X L
Fig.7 Comparison between Predicted Results of Internal Recirculation Pump Frequency by Model and Actual Frequency

Horb b, — N PR B m;
key ey \C——TA R0 2R U i — 4 A A e

ESPNOVEEESY @
Qu—— BRI A, m*/h;

Fae—— P IS E % Ha
o —Il L.,
(2) 15 V4N Wl S5 AR 7
TP AN R O GE A 3 A OF
FEAMET A R s QPR ERSMENL Fe i 22 B W ol bifi
AP EE i Q K b R, A0 & 36 F 19 MLSS 45
[~ SRR R S A %1 I - S Rt T 81 Y A S |
A AR AKAL BT T PR SR PSR K2 B
WHENT AL H AR A | FO A R R =K (8) .

R :fA(MMLSS-tgHMMLSS ,R,) (8)

Horfr, R——T50 i AR D L
My s SO M 75 Y08 7 S8 2 1) H
bR, mg/L;
R, — BRI L
LA AT LA ET 3 e IR A ] i 5 e e 4
AR =0 (1) (A(6) K (7) TR,
W XF 2022 4F 5 H—2022 4F 6 Hiztriyisie
SMEIFE A TR AT A B, ST T AR N Y A [
DAY BT &5 R an &l 8 o, Fh &l 8 mIAl A
RURT 0 A a3 L 5 52 B A8 13 e S AR W) 4, 3
FHXTIRZEHR 9. 4%
(3) Tl 4215 e HEVe 2 H T e Al
R ARG e R GE WIS P W20 W HE R —
BT ARTEPETSVE , AR AR 16 M5 e Hh U E A
IR %57k O AR AR RNt A it e e
VEUTRE LU GBS AT, B0 4 h A3 RETSIRIES
W, FHEE 510,20 .30 min 75 JE TR, 3L T BT

e —UTMSERRAMAFE L © TR AR A L
J

250%
2 200%
§ 150%
= 100%

50%

0 1 1 1
2022-05-07 0:00 2022-05-17 0:00 2022-05-27 0:00 2022-06-06 0:00
Hif 1]

B8 AHhuli A P2 SR SR A RN [
Fig. 8 Comparison between Predicted Results of Returned
Sludge Ratio by Model and Actual Ratio

W 5 PR UTREREYE | il G140 Mr D iz 47 H HE
PRSI 30 min 15 e UTRERRES M, 2 HHER
IR, HRBE A (9)

Qs =S5(Ssys »Ssvao k1 5Ky 2 h3) (9)

H . 0 — 235K B RIS, m'/d;
Sevs—5 min F5IRHHELL ;

Sevzo—30 min J5YEVUTFE L
ky kg by —8035 50 A BT IR1 VA ) R
1E LR T AR R LAl L A SEERTS KT HEE Y
P, 7575 s U A L A 3 R AN L r T
1 Qg AL W IGFI AR5 HIE R G IR T L ¥
TS5, BIHEE 5 032 47 s (B R0 (B B A 1], o153 3%
k= (10)

QSR
t rate
TH o O Z) (10)
I 2% — SR
rated
Hrp Q0 —HFREBUE W, m’/h;

by ——HEIRAE URGE T TR min;
t, ——HEJRAE L YGEA TN RRHS , min
TR, 0 F1Q 0 AGE,



weook HoR
WATER PURIFICATION TECHNOLOGY

2.4 MARZSHTMEE

ZGFESR TG K AL BT REAE I B AL B 4), R
(ST ACY COSL VIRV S TEv 7y 1= RV N /%) | E2T I eI
REAE , 7 R AU UE Hh 3R & S AL 4R (PAC) /RN I
Pk ( PAM) | Ak Y5 43 o A Uk S IR ik n 24+ 1
BT,

(1)PAC/PAM Jin 2} i T 55 74

T AR K AR FR T H K TP 3l A2 H K S bR 2
KT R AL 2A bR EE T2 #E M Ut v it
BHN PAC 1 PAM 2550, HE TR b FsEEh 17 I
IR HEST PAC JnZh A A

BAETR £R AR R Ak 2 o R =X (11) o

AP+ H PO} — AIPO, | +nH"  (11)
BT Bl RO RS RTTTE L PAC $0
EIFERR N (12)

QPA( _,8 an( TP-in TPom)M _ Qm % a(lZ)

Cc

Hr. 0, —PAC 244 kg/h;
B,——PAC B &%k,
Ty — TR SCUTTE ML HE 7K TP o7 & Wk i
mg/L;
Tpou— 10 UL TE 7K TP H AR 1H,
mg/L;
M, —— FaR Ak 2 s g =X e Rk N R
HoarFEZ b, TR,

FmF/(mg-L )

Vol. 43 ,No. 9,2024
September 25th, 2024
Ui i€
o ——PAC B, /I PAC £ 2y & 1
KR Z L

S RE AR 2R, I AU UEE L 2022 4
1 H—2022 4F 6 H Py s #hne #K TP K TP 4%
BATEBARIEAT T 08T, @S BONR S m i vE it TP
EBRFRR, HORBEWE 9 fR, fEERS
BRI 2022 4F 7 H—2022 4F 10
A D3 B 78 5 A R R e AT 6 B A AT, X
B AE AR RT3, 25 R A& 10 frs, il 10
AL B T B0 2 5 SE PR B R AR &, F
PR 2E R 89.78% , Al Fl T15 /K]~ PAC Jin 25 & iy
B,

XoF T e BUCUE L PAM B0, W 25575 i /K
i JEK SS | K SS kK TP 7K TP, 2R RF 5

B9 PAC BUINRERALTITE M TP ZEREIR
Fig. 9 Relationship between PAC Dosage and TP Removal

Concentration in High-Efficiency Sedimentation Tank

«PACELIFEME |
- PACTE{W&’JH}_A 456
+ K TPEZIE

-« LK TPSZIE

H/H K TP (mg L)

2022-07-08 0:00 2022-07-28 0:00 2022-08-17 0:00 2022-09-06 0:00 2022-09-26 0:00 2022-10-16 0:00
1A

B 10 M PAC BN 5 SRl 30t L
Fig. 10 Comparison of PAC Dosage Calculated by Model and Actual Dosage



THAE, PRetE , R 5.

WA K AR B Ry T2 B RGO R XV

Vol. 43, No. 9,2024

BT PAM Iy ARl Ho s in=(13)
QPAM :fG( Qin ’ SSS—in ’ SSS—out ’ TTP—in ’ TTP—uut ) ( 13)

o Qo ——PAM £ kg/h;
See—1EK SS FriE kB, mg/L;
Seson—Hi7K SS BT VEJE , mg/L,

A5 2023 4F 1 H—6 A% 6 A Y 18 000 41

P s, AL R 709 BB VE I 2R, 30% 14k
PV R 4 | SR FH B ML AR 1) 12 28 ST R O A
R AR RS YRR 220 2. 58%

25

o3
(=]
T

KR/ (mg L)

(2) B AN
Y5 KA BE T SR B UE A 2 B, 5 38 A A ik
U7 SO RS RGBS N, P2 = 75 KA B T 2 BR AL
W GEFEIKE, #EK COD,, A= Hrith R i i
AR A IE R i AL, R RF 5595 57 A 4%
i oG AR FE BL AL [ I TN R as ek,
ST IRIR RN 5 N2 AR Z MR, LR
RIS TR T 11 Ay T R R ) o 2 2R
A2 S 5 SR 24 FE AR AT b, LT 2 2 X 15 2
4 0.97 Hz,FIHHXT IR ZEH 8. 63% .,
--- - bR
e THT TS %

—2HIIBRAR R
—— 2R

0

2023-07-27 0:00

2023-07-24 0:00

2023-07-30 0:00
i [F]

2023-08-02 0:00 2023-08-05 0:00

B A1 LRI IR A ) S b KA G AR

Fig. 11  Relationship between Frequency of Sodium Acetate Dosing Pump and Nitrate Nitrogen

in Effluent of Biological Reactor

(3) TR AN

U R M i S B - B A AR R A A A B
T VR K T T 5 A4 T 40 I R 4 i 5 4 i G
REAA D BENETEAEEMN, X FiEK) K
SATRENBE IR FE 25  r BE AR R S B bR e, 3k
TR H K G T S A SR RN 24 i 38 5 X L
RESEAE S B bR (E 228, R F AR 552 210 d
SEUCATRSA NN 2y AR R LAl b BT gl R
BATRRE, ST G R BN 2y 1 5 m 2 AR
[ SCFR, DIIT RN T F s 4740 %, 8 3 X i
J7 2023 47 H—8 A K 6 300 £H i 2 ¥ e 4743
B, FE ST T RH N B4 Jin 24 e TR AR AR | 3B
MR HAE X R 20 1,22 Hz, -2 A%
RZEN5.64% (K 12)
3 HFIZRESHERMNA

BT R KR | T ASE R e E
FTERARSG,IFT 2023 4F 10 HAE75 K AL # T it
13T HAE R R8T RAF RO

(DHBF T LR RGBT

VKA HR TS T2 B RGN 13 IR

M 13 ATAL IZB T TS R RS 3
2 KR BB E T KA TR AR R R
BTG KA PR FEA B AT A P B s h B2 R 2
BLETE KA & T2 B A sh ka6l PLC #841
RGPS SCADA R %5, sl it 2, —Jr
T SE BTG /K AR ER T 4% T 20 BE E sh Ak /N 3 g il (an
A SO RS R 78 SCADA &GN T.i% & DO
W ARG, RGENAT A shxd SAMLIEL TR T, SE i
KB PFER DO #EH HAR) , 75— J5 i, PLC #24
RGN RSB A S5 | 8
M A% 2 SCADA RSt , I 44 H % A7 2 8090 e
o I BRRPOR R ST AT I ST A K A K
& TS B0 | 38 ok S A 2 OB 12 Hh 1 4%
A PR BT RS K KR M T BT S,
Az AL 9 A2 72 4 4 K L & 2 SCADA M #%
RGN T 2B PLC I R G ATPAT (L TR



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 43 ,No. 9,2024
September 25th, 2024

5.0
45

40}
35
30 b
25
20 |

KR (mg L)

15 ¢
1.0 ¥
05

135
----- Iz s 130
— IMEFEHAR |
20 N
&
¥
15 B
10
15

0

0 &

2023-07-17 0:00 2023-07-21 0:00 2023-07-250:00 2023-07-29 0:00 2023-08-02 0:00 2023-08-06 0:00
H

B 12 WSRBRIBOMIRS MR RFECHR
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Fig. 14  Calculation Results of Digital Process Operator System Issuing to SCADA System
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Tab. 1 Summary of Application Performance of Digital Process Operator System

s VTR TR ARk TN PR/ R TR K P FREY
m’ m (mg-L) (mg-L") (mg-L™") (kW-hem™)  (mg-L)
2023 4E 10 H 990 J1 11827 35.65/7.08 3.24/0.08 29.90/0. 20 0. 328 11.99
2023 4E 11 H 992 J1 113077 36.71/8.25 3.84/0.09 30. 50/0. 23 0. 350 10. 17
2023 412 H 930 J1 112277 38.68/9.07 4.07/0. 10 33.30/0.21 0.378 9.85
2024 41 H 922 J7 940 71 39.72/8.55 4.30/0. 08 34.80/0.23 0.423 7.84
2024 42 A 834 71 923 J1 34.84/7.62 7.34/0.07 28.50/0. 17 0. 383 7.32
2024 43 A 979 71 1068 J1 32.67/8. 36 3.93/0. 06 27.70/0. 20 0. 389 5.95
2024 4F 4 A 915 71 1098 71 32.97/6.71 4.38/0. 08 28.10/0. 17 0. 369 4.23
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