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Estimation and Characteristics on Carbon Emission of Typical Rural Domestic Wastewater

Collection and Treatment System in Shanghai
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Abstract [ Objective] The treatment of rural domestic wastewater is an important measure to improve the living environment in
rural areas and promote the implementation of the rural revitalization strategy. Against the background of carbon peak and carbon
neutrality in China, in order to evaluate the carbon emissions of rural wastewater, explore suitable models and technologies for rural
wastewater treatment from the perspective of carbon reduction, and achieve low consumption, low pollution, and low emission operation
of rural wastewater. [ Methods] This paper took different collection and treatment modes of rural domestic wastewater in Shanghai
(decentralized treatment mode, village centralized treatment mode, and incorporation urban drainage network mode) as the research
object, constructed a carbon emission calculation method for rural domestic wastewater collection and treatment system including
wastewater collection, wastewater treatment, tailwater discharge, etc. , calculated the carbon emission situation under four scenarios,

and identified the main control links. [ Results] The carbon emission intensities under four scenarios were 1. 616, 1.560, 1. 101 kg
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CO,/m*, and 2. 113 kg CO,/m’, respectively. Proportion of carbon emissions in the wastewater collection stage were from 34. 79% to
72.62% , the wastewater treatment stage were from 19. 32% to 61. 02% , and the effluent discharge stage were from 4. 20% to 8. 05%.
The wastewater collection stage, especially the septic tank, was the main source of carbon emissions, contributing rate was from
34.79% to 66.74% of the total carbon emissions. The indirect carbon emissions accounted for 10. 79% to 56.23% of the total carbon
emissions, which could not be ignored. The unit energy consumption carbon emission intensity of 0. 119 kg CO,/m’ in artificial
wetlands was significantly lower than other processes, and ecological treatment technology had more advantages in energy conservation
and emission reduction. [ Conclusion] Tt can be seen that from the perspective of carbon emission reduction, the carbon emission
intensity per ton of water is relatively low in the centralized treatment mode of rural areas and the centralized treatment mode of villages
with lower energy consumption. Moreover, if considering with the requirements of resource utilization, the carbon neutrality rate from
8.3% to 16. 6% can be achieved by considering the tailwater for agricultural irrigation.

Keywords rural wastewater centralized treatment decentralized treatment wastewater collection and treatment carbon emission
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Tab. 1 Overview of Wastewater Treatment Samples of Towns and Villiages in S City
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Tab.2 Influent and Effluent Quality of Villiages in S City

ek KR ﬂFﬁﬁzﬁijﬁfﬁ Hkﬁﬁzﬁiﬁf
(—% ABRIE)  (—2% B bnifF)

pH i 8.5 6.0~9.0 6.0~9.0
SS/(mg L") 200 10 20
BOD,/(mg-L™") 210 10 20
COD/(mg-L™") 400 50 60
TN/ (mg-L™") 50 15 20
A/ (mg- L) 40 5 8
TP/ (mg-L™") 5.0 0.5 1.0

CO, HEBASINANRZ TG, 8] Bz fic HE 50 % i v 7 78
FERMZGFHIHEFEHEIY CO,
1.2.1 i5K0dE
1) k283 CH, HEcR
AR B K Ak 2 AL B BT Py Tk v HoA
15 KAN it AR FEh AL B, AR 4 A 5 15 7K o s e ok
TR, 0 T 75 K L BB A 26% , 6 s/ e/ HoAt
T KR L BIUE R 74% , S K T WL 9] BU(E A
70% TN e BIHUE Hy 85% )tk b it CH, HE
R (2) A,

Ecn, = (Mg = My For) X BoF gy Gy, (2)

Hrr . B, —CH, HEE kg €O,/ d;
M ey ——FEFEU R 5 K L) BB kg
COoD/d;
F——EAT RS Ak 1045 B 10 3% 1
et AN 0. 55
a—HLFEALTE ¥ B 28 e, V5 U 25
BrimK A L e, BUES 0.5
B,— 547 i f COD %A 4k /£ 1 CH,
i JUE A 0. 25 kg CH,/ (kg COD) , kg
CH,/ (kg COD) ;
F e —— 38 CH, R E N T, BUE R
0.5;
Gon,——CH, ZBRIGIRTE S, WU 28
kg CO,/(kg CH,) ,
2)15/KE M CH, HEjk &
(IPCC 2006 4 [ ZE i = M HL 46 B 2019 &
TTRRO) AT 7K Ab 38 AR B 3 A7 P74 B R B4
(T/CAEPT 49—2022) fi5 /K 45’ CH, HEf &2 5K

MEIAR B IE KRR, S ROREA —EXEE
O FH MBS 7K 2R G A B 5 D e A 1 AR i
) PR E R CH, RHF T s (3) ~ X
(4,

Ecu, = My By % (1 e ) x 28 (3)

M

Hirr.m,——COD 7E 20 °C F IR E AL R B
ER 0.221, B (4) 18,
M s os—13 7K B W B 75 K A ALY B
kg COD/d;
(— BB 5 K- $K 45 8RB ) A5
THHUE 9 0. 6 m/s, 38 70 3 B BUE N

0.6,
Ny :7720‘9T720 (4)
Hrpr, e——BIER - BUEH 1. 117;
N,—— COD 7E 20 °C F By R A b %
HUE A 0.221;
T—5 /K 88 W 4 45 S 247 18 B BU(E R
20 °C .,

3) VGKEEFH R ul = A 1Y) CO, MRIHERRHEL
15 KSR TH 22 3 772 AR 1K) CO, TR] B R HE i 5
n=(5).
Egis = Wy POJco, (5)

Hrp By —— 15K i 2% b #2 rh $2 Rl 5 17
= Az i e FE IR HE L I, kg CO,/d;
W UG REFE, kW - h/(m’ - MPa) ,
HUE M 0.9 kW-h/(m’+MPa) ;
P—% Uk JE %, MPa, 45 ™ 31 B B {E
0.003, B A £ 8 km & MITEHETF 24 m,
YRR 0. 24 MPa,B .C A 2 km & M
2t 6 m, U R K 0. 06 MPa;
Q——Q=1x10" m’/d R I REREL Ny
0.4 kW-h/(m’+-MPa),0<1x10’ m’/d ]
FEIEREFEZA N 0.9 KW -h/ (m®-MPa) ™ ;
Joo,——H77 CO, HFRLIA T, AR X L )
HER A FHUE A 0.792 1 t CO,/ (MW +h)

1.2.2 J{5/KAb B
1) 75 /KAb 3 CH, &
15K FE CH, Heika n=(6) .




weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 44 ,No. 10,2025
October 25th, 2025

ECH4 =Q X% (CCOD,ﬁm - CCOD,H‘%?k -SP,p,) X
B, FCH4GCH4 x 10* (6)

H . Coop o —HE7K COD W, Bt e 46
R, FEE Bk L R, &t 21
000 m Ay B I 3l , COD 1 BOD, () F-1
BRI N 9. 249% 1 37. 35% , AN}
B 1000 m (453 COD FH EBRFEN
8% ,A 8 km 157K’ COD 3[R FHL
49% B A .C A 2 km 75K ™ COD 2%
FHL15% ,mg/L;

Ccm),n'.;k—'l:ljﬂ( COD i), mg/L;
S——I5 /KA BT = A T R & ke
DS/d, fF A A AR 1 15 7Kl Ak BRI it
PURTE e= 5D T5 U= R IUE N 05

P —— 5 RMAAE LY

p— 5T H LY 5 COD ¥ 1k

ES ¢
Fc114—??7km\lg CH4 @}IE[EI% ,HX{Ejﬂ
0.03,

2) {5 /K AL N, O HEif

T57KAE B N, O HERCEE I (7) .

Eyo =0 X (Conk = Con) X
Sr0Cxom,Grnpo X 10° (7)
Hefr: By o——N,0 HElc: 1 CO,/d;
Con i —— L BB OK b TN B 3] B A
h 85% ,#&it TN Ji it 43 BUE S 60% 5
Con po——H7K TN FREIRE , mg/L;
Sro—N,0 HEFL I F, 0.016 kg N,0/
(kg TN) 5
Cyon,—N,O/N, 73 1 HUfH, HUE R
44/28;
Gy 0N, 0 4 BRI il ¥ 35 ML, UM R
265 kg €O,/ (kg N,0) .
3) BERIHAEF=E 1 CO, Rl ERkHEL
TSk AP AR P BT K AL IR A
P THFERBIR, 25 7= X LU AR IR = A= (Rl B i HE i,
A (8) .
Eyge = Wfco, (8)

Horp s Eyge—HLBE A2 7™ ] 45 Bk HE TR0, kg

C0,/d;
W— L kW -h/d, 4 B T 25 i FEHC
0.55.0.70" 0. 15 kW -h/m*""7" F1 1. 50
kW-h/m*"®
4) FRITHFE LR CO, (R EmHE L
157K AL B R v S THAEZ ), B A 2R B T B
A 5B HE RO = (9) .

E gz = Mgz faim (9)

o By — 250 MR ke CO,/d;
My — 23RN, vd, 75 18 K AR
HERY S, R PR B TP Ik AR HE L, A B 5%
KA BRI 2, BRIk HI R &
SALER, PUT S A —2 B HIKARHER
SEBR T2 B BRBE 25 R W B i 2 L
3k 2.36 F12.011%
Fosm— 2R BRHER K, BUE R 0. 53 ke
CO,/kg.

1.2.3  HkHEk

1) 244Kk CH, HEiltE

TR CH, HE R =L (10) .
ECH4 = QCCODH-'./J(fCH4 x 28 x 107 (10)

o, fo ——2 2K CH, HEBCH 7, B
0.028 kg CH,/ (kg COD) ,

2) Z YK N, O HEjil it

Z KA N,O HECE = (11) .

ENZO = QCx fxzo CNZO/NZGNZO x 10" (11)

Hrfrof o——N,0 HERL A T, 5 0. 005 kg N,0/
(kg TN) ¢
2 ZEREMITIL
2.1 BEcHERYFE
ST A B.C.D K75 K 8 Ak B 2 Gt Sk HE T
FRAE Q3% 3 R 1 BT s, R i HE SR B2 43 90 ok
1.616.1.560.1. 101 kg CO,/m’ F12. 113 kg CO,/m’,
Horp ¥ oK W 4R B Be ke HE TR O 34.79% ~
72.62% , 57K A BRI B 5 oA 19. 32% ~61. 02% , 11
IKHER Y B 5 He ol 4. 20% ~8. 05% . 15 K e SE 3R
TR R EZORE T A B .C FHE &G K
B B HE TR SR B B T, Sk TN TR b
AEFRT 250 C R B REFE AR HE A9 B2 0. 119 kg




W, MRS, E W, S
T LR RN A 1 15 K R SR AL 2R B HE O B RRFIE Vol. 44, No. 10,2025

COy/m® AR T HAL T 25, AE BBk HE il i 7 1
RIS R AT LA R T REFE R R AL B T 2 ik
S rp A ARG C AR 7K e HE A 3 RE A XA

&3 ST AN BALCHAM DGRBS
JEBBRHFRCRHIE (B07 . kg CO,/m’)
Tab.3 Total Carbon Emission Characteristics of
Wastewater Collection and Treatment System in Village
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Fig. 1 Total Carbon Emission Characteristics of
Wastewater Collection and Treatment System in Village
A, B, C, and D of S city
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Fig.2 Carbon Emission Characteristics during
Wastewater Collection Stage
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Fig. 3 Carbon Emission Characteristics during
Wastewater Treatment Stage
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