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Abstract [ Objective| This paper systematically analyzes the carbon emission characteristics of small and medium-sized wastewater
treatment plants ( WWTPs) in Yancheng and proposes targeted carbon reduction strategies, aiming to provide theoretical support for
synergistic pollution control and carbon mitigation in regional wastewater treatment systems. [ Methods ] Thirty-two typical small and
medium-sized WWTPs (0. 05x10*-10x10* m’/d) in Yancheng, Jiangsu Province, were selected. A full-process carbon accounting
model was developed based on the " Technical Guidelines for Accounting of Greenhouse Gas Removal Co-Control in Municipal WWTPs
(Trial) " and " Technical Specifications for Low-Carbon Operation Evaluation of WWTPs". Life cycle assessment was applied to
quantify carbon footprints using 2023 operational data, enabling systematic analysis of emission profiles across the wastewater treatment
lifecycle. [ Results| Result revealed three key findings: (1) Carbon emissions of Yancheng's small and medium-sized municipal
WWTPs exhibited substantial variability, with unit treatment volume emission intensity ranging from 0.29 kgCO,eq/m’ to 11.78

kgCO, eq/m’(average: 1.38 kgCO,eq/m’) ; (2) Electricity consumption constituted the primary emission source, accounting for 48%
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-97% of total emissions (average: 70.4% ), followed by direct greenhouse gas emissions ( 1% —30% ) and chemical inputs (3% —
52%) ; (3) Economies of scale and operational efficiency significantly influenced emission intensity; each 0. 05x10* m’/d increase in
treatment capacity reduced unit carbon intensity by 41. 37% , while a 20% rise in load rate decreased electricity-related emissions by
38.56%. These result highlighted treatment scale, operational load, and process design as critical determinants of carbon emission
intensity in WWTPs. [ Conclusion]  This paper establishes a systematic carbon reduction framework integrating technological
mitigation, energy substitution, and management coordination. Technologically, system upgrades, precise chemical dosing, and
process optimization reduce energy and chemical consumption. The energy pathway promotes renewable alternatives including waste
heat recovery, photovoltaics, and biomass utilization. Management-policy synergies are concurrently enhanced. These outcomes provide

empirical support for developing carbon control inventories for Yancheng's wastewater sector. Furthermore, the tiered and differentiated

strategies establish a replicable technical-management paradigm for similar WWTPs in the Yangtze River Delta and alluvial plains to

achieve dual carbon goals.
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Fig. 1 Carbon Emission Proportions of 32 WWTPs in Yancheng

Fig.2 Carbon Emission Proportions by Category in WWTPs
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Tab. 4 Statistics of Total Carbon Emission Intensity of 32 WWTPs in Yancheng

X35 T5RAEER BBRHECR/ (1C0,eq-a™")  SACBUKEL/ (m®ea™')  BMRHEHOREE/ (keCOseq-m™)
YC YC-WWTPI 9 120.39 31 548 700 0.29
TH TH-WWTP1 1567. 10 1757 800 0.89
DT DT-WWTP1 6222. 11 14 847 255 0.42
DT-WWTP2~DT-WWTP11 102. 94~ 180. 43 65 700~322 115 0.46~2.20
YD-WWTP1~YD-WWTP9 199.77~371. 98 171 600~364 292 0.78~1.85
XS-WWTP1~XS-WWTP10 71.77~285.06 6725~ 661 608 0.43~11.78
ERIRTT 32 JETE K AL F T K B HE R R 1.38
4 [ SRS 7K A B K S 34 HE O 0.59
AR b XIS K A ) I 7K S ) i 0.5~0.8
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YD DT 5 XS X (B ) V57K H I R ge sy, Hoo g
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0.29 kgCO,eq/m* ) FHZZE 1. 5~40 155, '™ B T 20 hE8%
KR 5% ML 25 22 G P s , A 20 1 S B HE R 1)
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Fig. 6 Line Chart of Total Carbon Emission Intensity
Distribution of 32 WWTPs in Yancheng
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Fig. 7

(a) Total Carbon Emission Intensity Distribution; (b) Linear Relationship between

Total Carbon Emission Intensity and Carbon Emission Intensity of Power Consumption of WWTPs
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Fig. 8 (a) Total Carbon Emission Intensity; (b) Carbon Emission Intensity Distribution of Power

Consumption of WWTPs with Different Operation Load Rates
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JE F& & 1.36 kgCO,eq/m®, H DT-WWTP5 ( 2.20
kgCO,eq/m’, G fif R}y 21.00%) Fl XS-WWTP10
(2.00 kgCO,eq/m’, T faf 6y 23. 45% ) {5 R B H 5
TR BRI E 5 671l R AR TH 2 40% ~ 60% I, F- 1
W5 S 28 F F& & 1.23 kgCO,eq/m’; ¥ DT-
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PAFEA AR B AT e f e, W A 18 AT AU RE 36 B i
I, FUREZK TR 22 e A1, e HE 0 3 IR A T S IR K
-, LIRSS TR HE T 1T A R R AR T K Ak
BT R SR A B HE BICRAT B

(3) AbFRT 25
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i T5/K/15 U8 MU A DT AN [A], REFEA K22 5%,
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Wy 5 7t + TR R T R B S e A D HE P i
FCRARRAHETCIR BE (0. 09 kgCO,eq/m? ) K ] 435 HE ikt
SHBE (0. 03 kgCO,eq/m’) H Ry fefik, EEIH K T #
IREESRAL T B B R0R BAE 58 1 2008070 2 40%
V5 R I e, AT S 2 B AR IR % R AE B SRR HE B 5
QFMIE T L Z R T AR S0t Ros 5 e i
o, H R HE R B (0. 13 kgCO,eq/m’) 5 (8] 2
R HE B 38 (0. 04 kgCO,eq/m®) 5 BT &5 4 34,
@ AAO Akt + Y8 A gt/ 28 b T 2R A

Y LA LA v )22 Bt I s i B A AR A T 2 i —
EHMZ 0. 11 kgCO,eq/m’ | SRR HEHCHE BE 15 0. 17
kgCO,eq/m’ ;@ ST fb A5 4 U b + g A< A= 1y i ™
Pl 22 0 b 7K S48 2 TR R v W I st 7 oK, Bl HE
TR FE 3k 0.21 kgCO,eq/m®, i 6] 422 B¢ HE il o JiF
(0. 09 kgCO,eq/m*) Ik T AAO A= fb it + € #i € 1/
MRUEM T2, @A+ N TR T2
FEHER 98 P (0. 36 kgCO,eq/m’ ) K o B HE il o &
(0.43 kgCO,eq/m’) 494 fie /&, (] HE RO B %A
e BRI RO E R R E, X—HME FEANR
F A5G 45 R G BEFE W R, Ho G 4 0K 5 e
TEA B G077 I8 20 N 5 B8 o e ol DA 4 4 b BRSO
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Fig. 9 Total Carbon Emission Intensity and Indirect
Carbon Emission Intensity of WWTPs with Different

Treatment Processes
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(2) FERs 8 B HE IR T 18T, 15 7K Ab 38 e HE
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JETReS/SA bR N C e d SV YRRl =k N P i
PHT AR BT o | A W 5+ N TR >
FAEACA: P i+ B S AE MU > AAO T2 >4 1k
KT ZE>AAO AW Ryt + G EE T2,

(3) NIX I A Sk, 3 rh 45 MR Y5 K AR BT
Bk HE 7 i b B F 9 YC-WWTPI > DT-
WWTP1>TH-WWTP 1, Ifi ik HE 0 5 HE -5 ik HE ik
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WWTP1;3 XL 1 /N A 5 K Ak 3T v sk HE Tk
SRR YD X (H) >DT X (H)>XS K (&), %
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(B BYRRIE . X RRHE AR 5 58 B 0 S 1 HEFF
F W TG K AR B A BRRRASE | T AR X S5 7K
FEPERTBRHE A 255 5200
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BT R HE 3R A A 4 W5 K A B S A AR
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R B YD DT 5 XS X (E) 5K ab 3~
Ttk 5t BRI 5 R HE OO0 55
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BEIZEME, BF5ERR, B IHFE RS
NS A AL B Rl HE A 2 R IR s ik s HE
MR BR TS o T HOR DB HE - R U5 1R - 2 b
)" B 2R 4 JE 4, mT 3 o = K R s A S B R 3 Tl
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x5 HETH RN TT AR BHE AR R

Tab.5 Carbon Emission Reduction Countermeasures for Small and Medium-Sized Urban WWTPs in Yancheng
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SEAERIR) I 43 A ST S SN AR R TS K AR B TR
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Tab. 6  Analysis of Potential Carbon Emission Reduction of Small and Medium-sized Urban WWTPs in Yancheng

T e Bt I AT Bieci
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SRHERIRE / (kgCO,eq-m™) 1.38 1.35
PARLAERE/ (kWhem ™) 0.35~0.45 0.28~0.32
B ) 53 Hr SEELH T EL 2 960 kW -, 4F 23R 1 557 «
PRALZ T F R RHE S L 21.4% 17.7%
BT ) 43 Hr AR 2GRN BRHE R 950 t
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AR T DAL BRI TC 15 2 g SR
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Tab.7 Analysis of Potential Carbon Substitution of Small and Medium-sized Urban WWTPs in Yancheng
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