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Abstract [ Objective] Driven by the " dual carbon" strategy, the precise quantification of carbon emissions in the water industry is
the foundation of its low-carbon transformation. The carbon footprint accounting of existing water treatment systems generally suffers
from issues such as excessive universality of emission factors, lack of dynamic update mechanisms, and insufficient systematic
integration. [ Methods] This paper developed a localized carbon footprint dynamic measurement method and integrated system for
water treatment systems, proposing a three in one accounting framework of " dynamic factor database-real-time data stream-life cycle

model" ; electricity factors were dynamically obtained at the annual, quarterly, and real-time levels through application program
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interface ( APT) integration with the power grid; pharmaceutical factors were standardized and localized based on the supplier
environmental product declaration (EPD) ; transportation factor was dynamically calculated based on global positioning system ( GPS)
trajectory; a hybrid prediction model combining mechanism model and machine learning called extreme gradient boosting-long short-
term memory ( XGBoost-LSTM ) had been developed for the difficult monitoring of nitrous oxide (N,0) process emissions, which
supported daily adaptive updates. The system adopted a four-layer architecture, integrating multi-source data collection, hybrid
database (PostgreSQL+InfluxDB) , parameterized lifecycle model ( OpenLCA), and artificial intelligence ( AT) diagnostic functions,
forming a closed-loop management from precise accounting to optimized regulation. [ Results ]|  This paper took an example of a
200 000 ton per day anaerobic-anoxic-oxic wastewater treatment plant( WWTP) in Shanghai. In the first half of 2024, the total carbon
emissions were dynamically calculated to be 18 450 t CO,-eq, with an intensity of 0. 51 kg CO,-eq/m’. The emission structure were
62.3% for electricity, 18.5% for chemicals, 15.2% for biochemical processes, and 4. 0% for transportation. The carbon intensity
showed significant daily fluctuations (0. 42-0. 68 kg CO,-eq/m’). Compared with traditional static method , this method reduced the
total emission estimation deviation by 3.5%, improves the accuracy of identifying the proportion of process emissions by 35.7%
(increased from 11.2% to 15.2%) , reduces uncertainty from = 18.5% to + 8.3%, and improved time resolution to the hourly level.
Al diagnosis had identified three key emission reduction measures: aeration optimization, chemical dosage adjustment, and biogas
recovery. It was expected to achieve an annual emission reduction of 13. 8% (annual carbon emission reduction was 520 t CO,-eq).
[ Conclusion]  This method effectively overcomes the static lag and localization deficiencies of traditional accounting by fusing
dynamic factor database with real-time data through spatiotemporal dual localization. It provides a feasible technical solution for the
water industry to transform from macro compliance accounting to micro real-time optimization of refined management.
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17 SCADA FR 4, -7 £ Wi I 5% 5 K 5 2 8 (an
COD Z A TN TP DO ,pH) , H i B E AL 7]
SE IR S B A
4.2 HIEESSREHNE

W IZ) T 2023 FARAFE A TERE Lk BLAR
IR,

(1) REFE AFEBFEHL 0 2 850 J1 kW - h, Ab#f
HLFEH 0.39 kW « h/m’,

(2) 255 #E . 24FIHFE PAC 24 1 800 t, PAM
45 1, SRR 600 t,

() TEW = E A E . B =& K 80% 145 e
20 80 t, &5 iz BB ik
N 45 km,,

(4) FE KK . 4F 3K COD Jit & W JE N
320 mg/L, & A 35 mg/L, TN 4 45 mg/L,

TE) WAL = PR BT i 38 20 A e 2 b A% B R
G, WOFECE R 2 GRS & [ & 16 A% P S b HE AR
(CPU),32 GB WAF ], 4R H PostgreSQL (X &R Al
BRI ) 5 InfluxDB (I 8048 122 ) AHZE & IR 5 %
PEZERE , DL 20K A B AL FR AR K
4.3 ThEBEFERE

(1) H I HER IR 7 2l APT 32 A K H R AE AR
SRR RER LT SRR R g, 2024 1
AESEHIHERL TR 0. 583 kg CO,-eq/ (KW - h) , 523
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B E W B, R R 29 R 0. 65, 7 [H] R
THABUR 5 TR TR R 0. 48 2244

(2) Z5FIHECA T« SR AR Ak B | 3+
BN ETEALAY EPD, PAC HEUH 14 1. 25 kg CO,-
eq/kg; PAM W) EPD, 2% i Ecoinvent AR
AT T Z AR B A F 5. 8 kg CO,-eq/kg; L RN
HFZ% 17 SR, BUE R 1. 8 kg CO,-eq/kg,

(3) iz HE R F 2 15 Je 1z i R FH AL S8 Th AT
X HE A T 2% GE L8 4 K A05 G HE T
Bl AR FE B ) SR, BUECR 0. 12 kg CO,-eq/
(t+ km) kg CO,-eq/(t « km),

(4) S ARRHER A F £ % N, 0 HE, R VI kb
[ LSTM 4 7SI S50 | A58 Ui 7K TN DO 7K I 55
SIS EO B AR, 7RI IE 4 R B
TRIIPERE [ P REL(R?) = 0.87, FKRBAIGEHS
flRE 87% WIERIEAE ] .

4.4 BZEERSIESH
4.4.1  ShAHRELRFE

X 2024 4F 1 H—6 A it Bda it 17 22 sh &
AR F BRI T

(1) S 55 AE 2P AE BRI HE A& 18 450 t
CO,-eq, FT /KA BREHEHER N 0. 51 kg CO,-eq/m’

(2) HERCZE L < H g PR R 7 3 b, o L
4 62.3% s R 2550 ( di el 18.5%) Ak
R (A N0, SN 15.2%) Keis iy (&
bR 4.0%) .

(3) B 3. B iHEHR EE R 0. 42 ~0. 68 kg
CO,-eq/m’ 78 5 B BUK 12. 7% , P 5 5 532 5Lt e
TR R FE AR 25 5 e it K A7 far AR AR BR B

AN A R R A B H BRI 1 A 2R
AR G AT S, R HEBCR R 2R 0. 48 kg CO,-eq/m’;
3 H—4 HBUKIE BT 75 0836 PE 35, N,0 o B2 HE
B e 14%TH 2 16% 55 H FESEARH J138 i, & (8]
FH 7k B B 25 T B, H B SR B2 0. 15 kg CO,-
eq/m’ ;6 H it AMERT 2, i 7K vk B s B 5 7K 14
FHE G  BHEBOR B AERFAE 0. 51 kg CO,-eq/m’
4.4.2 SEGEHEEE T EX T

J R S AL IR L, R R AL Gi
BT i HERCE 2R F 3 AR S AR
BRAAT Y 2023 AEAE AR HL [ AP 24 P F- [ 0. 581 kg
CO,-eq/ (kW - h) ], i FEHEBCR A 1IPCC 848 J7 ik
i, XTHLEE SRR 1 s,
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Tab.1 Comparison of Results between Dynamic and Traditional Static Accounting Methods

T LR AR s T ik AT SIS T ik AR 22 5/ 1 ]
SHERCE/ (1 COy-eq) 19 120 18 450 -3.5%
AR S 11.2% 15.2% 35.7%
SERAHEVE (95% BAF X M 5L ) +18.5% +8.3% FEARZY 55. 1%
I TR] 3 4R UNGES S “ G RAZ T B T AR (1 B
XfH o BT 2B i 5o R A O A IR R, ik

(1) shFS 7k R SE I f ) B 5 RS e
S AR HE R I S HE R A B A R B AR S AR
3. 5% , BT SEPRis T 5

(2) A& Tk R T R HE O R )
K

(3) ALK F 5 RGEAME MR,
AR AR R S, AW E AR T

55.1%;
(4) /DIFEAYIRER]p B N S s AT e d it
T RE LR

4.4.3  FLTF ALSWIAIRHER J153 87

RAENEM ALIZEBHU LT 3 4> 5C 4
IHEFRTT

(BRSBTS B
FHOCHE Y 45% ., B UCHE 5 B T HLAS 5 ) RS 1
WS AR RS, oA VL5 i, O T AT SEBZ AT
8. 5% 115 L S8 HE

(2) =B AL - 433850 PAC BImAF#E 1L
Z3 (), ESGE BN S HT , R RIS e 0B
[) 53 W, 76 DR HIE HH 7K K B A B R, T80T T U HE
3.2%.,

(3) HRWEE R G A %) IREH A HIE S
WEE R LR 85% , 18 1 2% B ootk 5 & T AL AL, K5 ke
FERARETHF 95% , Wit nl AHROEHE 2. 1%,

St FIREEA AT R, BT R HE L
MR N 13. 8% , % N B s HE & 290 520 t
CO,-eq, BRI T B AAL R I ik X is AT AL g 52 B 4
FHE.

5 g

AR SCEF XS 7K Ak B 2R G e A2 A% B v ik A7 1)
HEl R F A HALAS /2 B [R]85 0T e S R et i 2k
G, M T — BT B A N TR - Se e EoE
iiieta SR L1 A Ml VA N RN 1R ) = Wy
BRI RS, WFoE B ey TwE iy 257 a2

T =02 IRA AN ASR T4, 508 T HE
DR 775 2 (] (DA DX B3 T 3l /A3t 17 4 ) 5t ) ( AR
FER/INGF G ) ROBE 1) WU A i Ak 5 sh A 5B,
o L SR Tl T APT B2 S B 2 sh SR 24
FINPRF-URAT IR BT 7 it 7 B A4 A b Ak 5 4 o £k O
T a5 R 7 3k F 52 Pr GPS 54 i B sh A3
BEXFAELL BRI A N, O s REHERR , BH PE s T %
T EE HLHEAR A 5 P18 2% 2] (XGBoost-LSTM ) AY R
A TN | Sl T ST A e

DR RGATE S RG0S T SPO E SE S oan s
T R IE B T T R A A M S
BFRcH:  ShASAE S RA DGR AL T feHE i 25 5
JEE (H B HE TR BE % 3R 0. 42~ 0. 68 kg CO,-eq/
m*) , Bl ARG FRAS T B L TR S A
B E PEFRAR L 55. 1% (95% B A5 X 8] A +18. 5%
WA +8. 3%) , IR R HE B IR B0 B R T T
35.7% ., RGHERN AL LW Dige vk — U0 H g
S Al 2GR B R R 5 TR A D S S B HE R T
T2 et AT SE AR D HE LY 13.8% , JRIL T A
RS  m2 1 T UL AL RS BRI PSR SRR D

AR SC TR B B0 2 D AR T ik EL A AR ) 3
S, HAGODESR S S A T R o A
fR&5 , BRE b ] s B (R sk B S5 T2 BiE 7K
AOERT HE ) AR T AR OAS b Ak 1 HE R
Chn X3 e, BB 4 EPD ) 55 4% AR 1 S
Bl R AEILA . AR, BEE K55 AT ML BT K 1)
3 £ T 55 AL 7 B i 5 B B RN i 5 k3l
i SaaS HbHRE WA RS FH IR, SE3AT L 24
| I 7 N N/ 1Y 3 RS B UM PR = - o
K, BAAM RGN AT REHERC O DL K Al
W B HLN] BT AR SE PR ) T A AR [
AAO EALYE JEAEY N 4% T2 (MBR) % ] #E47 4T
XPPERCE 502k, A0F5E 7 S50k LCA B
LA ST HESE ) IE X F T 250G B M it T R g
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