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Abstract [ Objective] To achieve the goals of " carbon peak and carbon neutrality" , there is an urgent need to break away from the
traditional energy-intensive operational model of wastewater treatment plant. [ Methods] Through in-depth analysis of operational data
from 56 municipal wastewater treatment plants under a company, high energy-consuming processes in indirect carbon emissions were
identified, including biochemical aeration ( average energy consumption was 0.107 kW +h/m®), influent lifting ( average energy
consumption was 0.049 kW-h/m’), and anaerobic/anoxic zone mixing (average energy consumption was 0.055 kW - h/m’).
Material consumption primarily stems from phosphorus removal chemicals (average mass concentration was 54.0 mg/L, based on a
10% mass fraction of Al,0;) and cationic polyacrylamide (PAM) (average was 2.49 kg, calculated per ton of dry sludge). Further
analysis was conducted on 8 municipal wastewater treatment plants with similar treatment scales, influent types, process types, and
discharge standards. The energy consumption for lifting influent of transport ranged from 0.03 kW -h/(m-m’) to 0.05 kW -h/(m-
m’) , mixing energy consumption of water ranged from 0.01 kW +h/m’ to 0.05 kW - h/m’, and aeration energy consumption in
biochemical tanks ranged from 0.04 kW+h/m’ to 0.14 kW - h/m’. [ Results ]  Traditional energy-saving technologies, such as
equipment adaptability adjustments, intermittent or variable frequency operation, continuous flow intermittent aeration or precise
aeration, precise dosing, and sequential batch sludge discharge, had significant emission reduction effects in specific process stages.

By integrating digital technologies to achieve full-process automated control—including predictive state regulation ( feedforward) , real-
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time monitoring and timely correction (feedback) , optimizing process parameters through hybrid models, and transmitting data via OLE
for process control (OPC) to programmable logic controller (PLC) for execution—not only reduced repetitive manual tasks on-site but
also further enhanced energy-saving and emission reduction effects. [ Conclusion ] For example, at a wastewater treatment plant in
Linyi, after implementing full-process automated control, the aeration energy consumption per ton of water decreases by 4. 6%, total

energy consumption decreases by 9.7%, phosphorus removal chemical usage decreases by 10.6%, and overall carbon emission

intensity decreases by 18. 6% year-on-year.

Keywords wastewater treatment plant carbon emission
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Fig.2 Proportion of Effluent Standards and Process Type
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x1 AREGEMEREERGER

Tab. 1

Power Consumption of Different Treatment Capacities

WH HEARIE AR/ (KW ehom ™) PEAKERTHHLFE/ (KW +hem ™) PR FE/ (KW hem ™)
177 m/d BT 0.128 0. 062 0. 100
1 J7~4 77 m*/d 0. 100 0. 048 0.039
477 ~10 J5 m*/d 0.094 0.038 0. 027
FH{E 0. 107 0. 049 0. 055

F2 AEAAEMETEHFIERE
Tab.2 Water Treatment Major Chemical Consumption across

Different Processing Scales

SAAMIRE, —E R LT gt B g —
PR, BCBERE 8 JETE KT S AT, T AR A R R K
K I G H T0% ~ 120% 5 $E K Tl K 5 He AR T

iH BB (mg- L) [ﬁfgy] 30% ; AL TR G5 % St K 5 TR EE AL FR( FEIR T
PE HERL bR S T = T GB 18918—2002 — 4% A
LA R b i Bl 050 ARG 0K 3 R
1 J7~4 7 m’/d 51.3 2.36 2 ARG BRIEHE
477 ~10 J7 m/d 31.1 2.40 2.1 HKREHES
T 54.0 2 49 2.1.1  EFSG
TE.DS B4 TSR, ﬁ*Eﬁi{i%“ﬂﬁéﬁ ,%ﬂﬁﬁ?%’um7k*
*3 ERSWDAEFR
Tab.3 List of Key Analysis Items
fggf i:f%; ;;; T WETYE  BATE U R
1 5.007 100. 7% AAO EROUE  ARUEDE (P IRTL SR K TS B SRR E) (DB51/ 2311—2016)
2 50701 87. 0% AAO FRUIE W RURNE (BT KA TS P RO IE) (GB 18918—2002) —4 A Frifis
I3 10.0 J7 85.6%  ZH A0 WHRBEIIIE ARAERK (PO IR JETLR 0K 15 bR E) (DB51/ 2311—2016)
] 4 10.0J7 93.1% AAO  REIREEDIVE  BOBK (PO IRIT JeL oK 5 B HEicbi ey (DB51/ 2311—2016)
J75 10.0 73 91.4% AAO FBUIE W RURUE (TS KA TS R HE bR ME) (GB 18918—2002) —4 A Hrifis
I 6 1.0J7  96.2% AAO FARUINE  ARMEMLK  (CBURLE KA BT S Y HERPRME) (GB 18918—2002) — %% A Frifk
7 5571 82.7% AAO FRUE  AUEDE (U IRTT LR IK TS S B HE SR ) (DBS1 /2311—2016)
J78 10.0 7 75.1% AAO FEAIE AEURIE (DU IR YRR BOK TS S HE bR E) (DBS1/ 2311—2016)
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mk 4 i,
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x4 HKREFRGEERE
Tab.4 Energy Consumption of Influent Lifting System
VKT KR HEKIRTE RS MR IET R Gu L RERE
s BERHEHE FE/(KW-hem™) [kW+h:(m-m®) "]

1 65.2% 0. 04 0. 004
J 2 55.7% 0.04 0. 005
I3 87.2% 0.02 0. 003
I 4 71. 6% 0.07 0. 004
I 69. 7% 0.02 0. 004
I 6 60. 0% 0. 04 0. 003
] 67. 4% 0.03 0. 005
I8 — — —

& 8 RAAERMHIK,
BRI (RERE N 1200 m’/h, HFE K 40 kW;
NGRS 600 m’/h, IFR 15 kW RN 7 ~
8 m) , WA WURM 47% KiFHE = 2 68% , 4F 19 40
5.8 ot SRHETG K IR TR (TE N
45 kW, Jii 4 800 m’/h, #FE R 12 m) £ M B
B (TR 30 kW, N 800 m*/h, 0 10 m)
FLAFEM 0. 047 kW -h/m’FEAIKE 0. 024 kW -h/m’ 4F 15124
H17% 3.6 Jit,
2.2 RREAEHHERS
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PR P FE R 2 1 7 B A Bl & A R LA
Kt BRI S B3 D B SRR RRFE RN, AR
SRR 8 VS K T HE T R G AFEIIL T 56 HETS
K FEEIE (0. 055 kW -h/m*) , (HRFRAMT5K) R
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5N, SIHTIA BT B A BE R AN Y | S 3 3L
PiFE R G REAE L i i IR I [ I R 25 A ok
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AT R Y G A LR g F LA R A
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—ESERIE A TG AK) s, Iz K iR —
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Tab.5 Energy Consumption of Mixing System in
Anoxic/Anaerobic Zones

ke BE@%’%IXEE%E/ iﬁ;ﬁéiﬁé’aﬁt{f@
(W-m™) (kW<+h-m™)
1 16.24 0.03
2 21.12 0.05
3 10. 45 0.02
] 4 23.75 0.03
I 1.72 0.03
76 1. 66 0.01
1 6. 60 0.02
] 8 14.35 0. 04

5.5 kW), BEFERIIA 14 W/m® , % [] 3t 22 20 43k b 2
T BGaTT , &SRR HigtT 6 h, AF T2 i 3k
4.8 J7I0, RUARR-TE K T3 ik 2E % ek ) 4k A 2% Xt
HEMPEAR A BIZIT (3217 1 h 45 2 h), BEFEM
9.6 W/m’ [ZE 4.5 W/m’ 414 IR 6.3 JiJt,
2.3 XUE%
2.3.1 JAWFLER
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SR A AR IR B —Fh B A T2 AR
P SRR TS K T AR B K COD T i vk BE Ry
208 mg/L,BOD, JE IR A 103 me/L, A LIRS HAE
FFBAHIET 56 JE 15K S FIME (0. 107 kW -h/m?)
Hp s FH TR AR ¥ 7K ) A Ay FRE B I AR
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Tab. 6 Energy Consumption of Aeration System of Biochemical Tank

kg K CODRDKEODS e ek s OF G

(mg-L7") (mg-L™") (kW-h-m™)
1 186 100 5.3 20 7 0.08
2 290 139 5.1 19 e 0.09
3 272 112 7.4 21 S 0.14
4 254 132 6.3 21 7 0.09
5 206 109 6.0 22 w 0.09
6 85 49 6.0 18 b 0.04
7 138 66 7.0 23 = 0.04
8 234 117 7.0 21 = 0.06

PR A M A/ (BTG SR T 2018 22 8, L HE:
ZRBEEEAR, J5 & M A sh ik, At 1
X B SR A o
2.3.2 WS

(1) 3% LRI A] BRI

TS ] B A T 2 T I XUATL AR 0 5 2 g
A PR TR DL R 2 SRk e A8 s 26 ) AL, 15 2 el 3
T VERE R AR B SRR I LB AT T LA e i
S X R o A A 118 XU D) 7 A Akt AR i iR 11
R X, 5 —/IME B Kk, e B R R AL
SRR, BERRARRBFE A K Z A5

B AR5 KT A ey AN, H 3440 K
14 0.4 75 m’ , BRGES BN [ BB, AR AL T R
HLAFEM 0.219 kW -h/m’FEfRZ 0. 101 kW -h/m’ 4E{7
g 6.2 Jion, MUERIETE KT AR K vk
BEATR , o DA 3% S B Ay () B A, A AL B S L AR
i 0.04 kW-h/m’ MK E 0. 03 kW -h/m’ , 4E 72
P17.2 T30, ARG KT R TR A
RAR bR s AL, Bl PR R h [R] B S, FLAE AL 0. 180
kW -h/m* (AR % 0. 121 kW-h/m’ , 4E 35 25 /1, 25 24 12
Tit,

(2) FEHfIE S

Fa it B SRR A T R U HERICR , B A sh ks
I B v Rt R PR AR A —
TEBR T AT IR R A A, B H 5K
JU R 3 T S R AR R A &2 H AR ] S
Uk WG K B R ER T HE AT R ), S IOKG o
VIR EGEALE KK R AR K REREIR N 3 4>
WAk H A%, 3T D5 s B R R A T F | AR 3R R 7K

5 i far R 22 53 AL R SR T AR AR 2 A 1 T
KIS R E (DO) T ik, SR 5 TR R 4741
HWEETE I 1] B AL, 2547 43 XSG
i
2.4 BBHAF(L10%RESHE AL0, B@Z
$i1)
2.4.1 VAR R

e 2y Jy X 25 FE S IR 2, % hn 24 A3 fin 2%
i IE O] AR R A (PLC) Bk T
R4~ o il (PID ) 4 i T SEBURS B n2y . &
FUABHEK S LS 2s%e & | BRu 2 F180m
BRI TAS AR 56 18875 7K SF-H4{H (54 mg/L)
KT R A PR Ek R S BN B 2 77
(T 2. ) 4) ARt A7 P HE S SR 5 A B ok
WH (7.0 8) , k7 Ui,
2.4.2 JRHEZEH

Dt BASE TG K T AR G e i 24 7 X ek o AR A 4R
i, Dok R4 At B Sls s 2 432 2l o e vk
FEM 43 mg/L [FEAKF] 30 mg/L LLF,4E 1T AR 24
MFRL) 21 Jiot, WNNFTE KRB R R s
Tl 3 24 R8T, AR 0 s R S K I T R R A Ak A
FERBELG RN , 24 B VR B 29 me/L fFE R
22 mg/ L AFE T ABRBEZG 2% 19. 2 Ti TG,
2.5 RiiREEFEFZAFE (UPHEF PAM it)
2.5.1 VAR R

15 U iUt LB U K AL, ASBE 840 & HEE I
IRV E P RE  (EA LA 40 |, 25 505 A8 B SR
PEn , DR e Tt 2SRRI B E v i, 32 = ik
DU AR L SRR B 4 B Ra 1T, B RS
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®7T BRBAF AR

Tab.7 Unit Chemical Consumption of Phosphorus Removal

kT Ziiib K TP/ HiK TP/ MK 2546/

(mg-L™") (mg-L™") (mg-L7")
1 0.24 0.11 20.7
2 0.39 0.19 11.2
J73 0.44 0.11 30. 1
I 4 0.29 0.18 —
75 0. 64 0.26 23.9
J76 1.01 0.26 36.9
7 0.31 0.08 30.0
I8 0.29 0. 04 60. 9

7 8 LTI A SR, 2 BUN 225K S 25 B W i 7 b ofe
CORBTTS /RAR T 32 2K 75 Y W HERBRAE) ( DB 5301/T 43—2020)
AT TP KRR 0. 2 mg/L HERARIE,

KT ZRERE A T 56 JRET5 K] SEIIME 2. 49 ke/(t
DS) ], HAEH Pt =CHER 15 K i U8 tL e RE AN L
FE AR, Nk 8 FR
2.5.2  JRHEEH

N FG KT R FH I SR /K 250 SR A e st i A 7
WO, R U BT B MR FE N 10 000 mg/L 4 i F
20 000 mg/ L, X K AL P8 % M 160 kg/(m-h)
P2 175 kg/(m-h) JBIKHLELBEFEM 65 kW -h/t
AR 2260 kW - h/t 5 3 L HE VR Bl an &l 4 Frs
AR E KR A VR A A A HE W, IR
TR K RN 5 R TR, R 5 K AL o vk
HEFETE 35 000 mg/L L |, Z5%E8 2. 75 ke/ (1 DS) ,
AEFEN 42.32 KW-h/ (1 DS) , ‘HE=RI5/K] G
BRUAFBULH 28.8 m®, 36 I B Y 7K ik 18 1L b ek

®8 MiELLREREFMILE R

Tab. 8 Specific Energy Consumption and Specific Chemical Consumption of Sludge Dewatering

5K Gis TG/ (mg- L") FrAtEHEDR R AKHLHER/ (mg-L7") LLBEFE/ (KW h-t™") 25%8/[ kg (1 DS) ']
1 5286 = 18 029 53.93 2.77
2 7 847 & 16 303 33.09 1.62
I3 4 830 % 10 435 104. 57 4.73
4 4768 i 11 265 138. 57 5.71
"5 5540 2 16 909 43.80 1.99
"6 3350 oot 18 822 38.61 1.64
7 5277 B2 30 715 38.08 2.19
I8 4925 2 20 892 49. 49 1.29
b A3
G4 I PRE
FRRATX
RIS
ki 7 Rk
HKE S
FHMI | 1
T Tolea e
L THIH
HE TN

4 FHXRFBEEE
Fig. 4 Principle of Sequential Batch Thickening Structure

1 A Ve AT L =HE R, K AL e o Tk
M 10 000 mg/L 4 & %2 25 000 mg/L, 24 #E M
3.7 kg/ (1 DS) FEAKZE 2.7 kg/(t DS) , 4E 5 4 i 7K
2557 %% 4. 38 TG,
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Pl s 55—, S LA ) 2 BB R 25 TR R
W, BA R EK S HARED KR, A BT
B A EHAG TN H R 2, 20k A
LA HIZ A B IS, AN BEA B R AR5 7K T
TRAERE, B REUT iz B R A g 5K Eiz
IO TR T AR sk 53 F
BB AR MR PATHES G BB AR R
iV 7K A B AR v A B BN AB AT PR A
SHRTRE RS HETR SR T ) SR S TR R Ak
BEARMIAER D 3B 4815 | B i DR SR w0 2 1 e 3
B UL AR TR G il O i FLRBAE T S AL
SEBRLYE AK A B RS A0 A0 B, HE sl 5 K AR BRAT AL )
Bhefth ey L,
3.1 BN

BN FRFE H FFF & 1 BEThink SR, 18
TG WA TS50, 3 TH2 17 U3k (Rl 22 M FokG
HERE . #r 2W R T ESHURIR A ER 2RI
HLEEAAL T 25 K SR AR I BLIE IS AT LA (2548 L
F&) ARG T KR el TS 8UA .
3.1.1 BT
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Fig.5 Five-Step Method for Multi-Objective Aeration Control Based on Activated Sludge Model
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Beitihk/ (mg-L7") 50 10 10 5(8) 15 0.5
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T 55 P RO B S 18 A 2 UK AR,

7 MRAATRBAREE
Fig.7 Technology Roadmap of Optimized Process

P, WAE T R Geas B, AL 25 Ra 5 S s B o7 4] 43 B
TNAnE, BansEprd A 1 Hd 2 AR A
T, AR e U R AR 1 AR A 25 S PR A
1y 2 A 58 A TR A it b A, 55 280 b )Xo 7 - 4R
1 A 25 SERBR BB AR 2 A T R AR A
R —> B ARt TS PR A AR 2 S X AR AR v
TBHE L, N 8 IR,
3.2.2 il

D) $ETE R G5 . SR FH A8 WAL 1) i A X4 il
SEI AR PR 528 , Ml & 3 45 38 1R 45 PR 25 A iR
BEIRAAE, B 1E 2 G 45

)R REG R AU+ B+ R R %+ )5 R

B BB R

(1) “ZYG+R AL T2 S50, 8 it 45K
TS AT A AL S0 5 R AT AT A B ST ML B
BEARLFERAR A i IR A R V5K T 28
I8 N AF A A 15 0 8 AR E 4. DO W
(BB T S Bt 7K 7 i 28 Al B R A

(2) “HE R+ B+ J5 S il f a4
TSR R4 s 1l DX A= e ol 1 18 B A 7 i
Pt s XS XML B A R AT s i 5 o 208 ok S A
Fier SR o ) PR A i AR i SR IR AR

HARIRE N R A4 IX4E DO il 55— X
FH DO TR E N 0.3 mg/L) FISEBESHER,

— 113 —



ESHCN LT )

AAO T ARG REMHE S T F Bl A d i B W

Vol. 45, No. 4,2026

(a) SrE
S

Y ap-||n-<:

=

Ij?l:ﬁﬁ'#
n|:—n--<

2 S

{lﬂﬁﬁf e

230

hil
—BE —BIFR T..iﬂa‘mj 'me kD

| [

Y A3t 2

()

] =

(b)

e * = JL
AN /_v— L R e !_‘ KM ;- ﬁﬁﬂaﬁﬂhﬂﬁ
Ed B _'\~ 40 — ?ﬁ] 0. .
- p 4 - 0 e
UL o= | [ ———— | P % :M] 0

B8 (a)RBETZRE;(b) EFRIENMEN

Fig. 8

PEES K 800~1 000 m’/h; 45 — X I = [X BA 4l
KH DO #5 il (B W BE R 0.8 mg/L) . MRS SL PR
HEAKK K BT R, AR 8 J5 s 157 B A AR A
PR KN H SR 0 TF BE RIS , Hop
R B 45 % k30 ~ 60 min/¥K, DO 5 I 45 451 2% Ny
15 min/ IR, S Wi i) 32 B T 4 e A 45 W SRR 1A
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(a) Process Flow of the Model; (b) Actual Biochemical Tank Structures
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Tab. 10  Data Comparison for the Same Period

sk 2022 4 2023 4F Iﬁl/tlz

1H—6HA 1A—6H HKXR
AR/ (m®-d ") 58 926 65 887 11.81%
K COD/ (mg-L™") 159. 8 184. 1 15.21%
HKBA/ (mg-L7") 40.0 39.4 -1.50%
HEK TN/ (mg-L7") 47.2 48.5 2.75%
#7K TP/ (mg-L™") 3.82 4.80 25.65%
7k COD/ (mg-L™") 13.7 11.7 -0.15%
HKE A/ (mg-L7") 0.710 0.286 -0. 60%
HK TN/ (mg-L7") 10.0 9.2 -0.08%
ok TP/ (mg-L7") 0. 190 0.273 0. 44%
IR HFE/ (KW eh-m™) 0. 087 0.083 -4, 60%
SRS/ (KW h-m™) 0. 320 0.289 -9.69%
B2 m 2 it/ (mg-L™") 82.92 74.11  -10.62%
COD Y HL e/ 0.232 0.205  -11.64%

(kW-h-kg™")
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Tab. 11  Changes in Carbon Emission Intensity before and after the Implementation of Intelligent Control
] BRI R/ B S m HE B TR B/ PN B HE TR B/ PE BRI TET BRI
(kg-m™) (kg-m™) (kg-m™) R A R ) T R
202241 A—6 A 0.11 0.32 0.43 59.24 —
2023 4 1 H—6 0.08 0.26 0.35 72.06 18.6%

4 Zig
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iK% 54.0 mg/L, JG#E K 2. 49 kg/(t DS)
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TIRBRBE 24700 BAE , AN A PR PR SR RRIR G 10, A 1k
MWK TP B E M 0.24 ~1. 01 mg/L, 10% Jfi &
SVEALO, TS ZHREN 11.2~60.9 mg/L.

(5) B K 25751 H, B A2 Ak BEOK 52 W /N, %2 R
Aty e vk FE SEma 2K, 5l I X HE e i — 20
P = B AAILHE e v B, T R 3 PR e 75 e LL REFE
FIHLZGFE
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