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Carbon Emission and Carbon Neutrality Pathways in Municipal WWTPs
ZHU Jie®
(Shanghai Municipal Engineering Design Institute <Group> Co. , Lid. , Shanghai 200092, China)

Abstract [ Objective] To clarify the sources, characteristics, and intensity of carbon emission from wastewater treatment plants
(WWTPs) and propose viable carbon-neutral pathways, this paper systematically analyzes the carbon neutrality approaches of four
representative  WWTPs ( covering above-ground/underground designs and diverse wastewater/sludge treatment processes ).
[ Methods] Based on the Intergovernmental Panel on Climate Change (ITPCC) calculation method ology with China-specific emission
factors, the carbon emission intensity and influencing factors of each WWTP were quantified using data on influent/effluent quality,
operational load, energy/chemical consumption. The carbon sequestration potential of different mitigation measures was evaluated.
[Results] Carbon emission intensity ranged from 0. 510 kg CO,/m’ to 1. 086 kg CO,/m’ (highest at WWTP B, lowest at WWTP
A), with indirect emissions from electricity dominating (47%—70%) , followed by direct N,O emissions ( 19% -36% ). Chemical-
related and CH, emissions contributed 2% —11% and 6%—11%, respectively. Indirect emissions (0.300-0. 748 kg CO,/m’) were
primarily electricity-driven (82.2% —97.4%) , significantly influenced by effluent standards, construction type, and economies of
scale. Direct emissions (0.210-0. 438 kg CO,/m”) were dominated by N,0 (63%—-75% , positively correlated with TN removal ) and
CH,[20%-26% , linked to biochemical oxygen demand (BOD) removal ]. WWTP B achieved 0.369 kg CO,/m’ carbon offset (33.9%
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reduction) through water-source heat pumps, photovoltaics, and water reuse. Post-offset intensities were 0.484-1.037 kg CO,/m’

(highest at non-offset WWTP C). Photovoltaic power generation could offset a maximum of 10% of the electricity consumption related

carbon emissions, while reclaimed water reuse could achieve an offset rate of 20% in WWTP B. If all the tail water was utilized for water

source heat pumps, the resulting carbon sink would be 1. 5 times the total carbon emissions of WWTP B. [ Conclusion ]

Water-source

heat pumps represent a feasible solution for WWTP carbon neutrality, warranting large-scale implementation.

Keywords carbon emission emission factor nitrous oxide water-source heat pump carbon neutrality
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Fig. 1 Carbon Emission Accounting Boundary of WWTPs
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Tab. 1 Values of Carbon Emission Factors

5 BRHECN T/ (kg €O, -kg™)
BRIR R 0.5
RAEFEAH (PAC) 1.62
R EER (PAM) 1.50
AR 0. 68
PR N 0.92
R 8.01
=&k 2.71
ZTREh 0.623
AR S 1.6
ity 1.6

1.3 ERHEEATS KR B REER
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Tab.2 Main Influent and Effluent Water Qualities of

Four WWTPs
TiH coD BODs  Ss MAE &R N
AT5KTT #K 300 140 180 35 27 4.0
k50 10 10 15 5 0.5

Bi5/K)” #AK 500 175 330 63 38 6.6
Ak 30 6 5 15 1.5 0.3
CisK) #K 300 150 200 40 30 4.0
thk 20 4 5 10 .0 0.2
D5k ik 400 150 160 50 40 5.0
ik 30 10 10 10 .5 0.3
. SS—EEY
4 FETS KT KA T2 5 e b BT
IKFRE | Jebn i A o N2k 3 B,
4 FETS KT W HL ARG FE I DL AN 4 Fs
2 HR5IHE
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HEWL, A7 EEA 47% ~70% 5 5 — REHFOR: N,O Hi%
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44N RIEERHE G R 0. 300~0. 748 kg CO,/
m’ L FE SR R R I TR HE AL, o5 TR) B HR T )
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4 5K ) A ] e b HRTBOR B AN 8] 3 B s, L AE (]
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Tab.3 Sludge Treatment and Disposal Technologies and Wastewater Discharge Requirements for Four Case-Sample WWTPs
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Tab.4 Chemical Dosages and Electricity Consumption of Four Case-Sample WWTPs
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157,
(m*+d”")  (kW-h-m™) TREEH PAM BAK RERE A WM RYRREMER  RER
A 1577 0.28~0.32 3 329( BiFRER) 85.8 4 290 1 874
B 2077 0.48~0.56 2 517(PAC) 150 3000 2 000
C 16 7 0.55~0.92 930( PAC) 227 792 6 650 240
D 60 11 0.38~0.43 6 000( PAC) 80 1 874 1 200
o2k 77| A HE A e R IR o R s FEMIEERE
OCH, FfHEmAHF 8N O PR ~ 0.800
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Fig.2 Carbon Emission Composition and Proportions of
Four WWTPs
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Fig.4 Direct Carbon Emission Intensity of Four WWTPs
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Fig.5 Carbon Sink Intensity of Four WWTPs
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2.2.2 JiRAkH
2020 4F 4 H E K 5 #E&E S S0, EiE K
AL FR AL 256 F F b a3 1) @ OBk A i 3

=3

WL (ke CO,m ™)
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VKA EET 1 B B AATT , ANt AR O R —
DU S S I IO 2 8], ) X Sk sy Fl A SR
TSt i 22 2 AR vl

HT, FETG KA BERE J13k 2.1 12 m’/d, #e B
AN SEE AT % 5 MW IR B B TR , H TR
B Y5 K ) AT @GR B B RSDE R 25 W, (HA
F7E 2 0, S i5K) B BT A ST 4 12 T5URAL 50
WG b 5 352 B AR K rLISE 7R A B B RE e e S R
KT HEFER 1710, AT, A 15K F B
19K AR RE R fHE 5 0 0. 257 kg CO,/m’
F10.532 kg CO,/m’ A J57K) F1 B 15K etk & H
7R B BRIC SR B 4 5 R 0.026 kg CO,/m’ Al
0. 045 kg CO,/m’, 2 (5 FRAERRHEL 1Y 10%F1 8. 5% .,
2.2.3 K

15K AR K 8] FH e EL R B 5 2 A 7K 5 i i ke
FZ2EIIRE, B 5K A TR EK LT HIX,
80% I e /K #EAT T AR, FE 28 0 Tl Aol £ 1t
WHIRK RN T2 R A=K, RIS, 24 B 157K
R K AT A K Il B, 7= A (R AT LG
MK 20% B HERL

B HRTH G , 528 4 A5 KT RO B
0.484~1.037 kg CO,/m’, JF4h B V57K ) (AR HE K
5ER 35 A e (LB B N ) R HE S A )
4 1. 086 kg CO,/m’ KT AL 0. 369 kg CO,/m’ )7,
R RHETCR N 0. 717 kg CO,/m* T C 15K)
FH T BRI , e 2 b HE IO B e e o

B T _ERBRICHS I, 15K ) B Y5 e i R A
ARAE PR I S EDSCRI R T 75 P AE R L B ™ 15 e
BERe s A R i Vel IR Rl A5 B e ek 2 T
KT B

15 KA BEARE T 242 T Fis 1748 B S 3y ek
FEARMESC IR AT, S SeBtax R B AR 15 2 1 Ah
T KARBR ) SR R V5 e DR AT Ak + B I5E 7 1 O
2, BKEFEZE HIX 5K 1K COD i
W RE 38 KT 600 me/ L, B E T BUE K EK COD
JoFER R R R AR A, — BN 100 ~ 300 mg/L, 75 IR
AN CH, P2 RA, T U8 R AT TR T i 1 5
o ZBRFV5 KAL) A B | SRR A
Sl RIS R BH Al AR & Fi Al il 5 7K Ak 38
I et LAREVR AN 10% 15 K AL BB RE, 15 KT
K A A R F Al HOREHRIE 15 7K 20% 1 fic HE

//|\[23]

i, BEES R R EARTE A 258

1K AR TR EARE I RS 5 0 T 5 K ) S B e
MARTB, —Sdb iR E K75 K ik AR
e RS AR HE MBS ZAJrm,
AR AR R R EE A I A 40% SR K IR AR
ARPERA o 109% $RUF R [ 15 KA BT K faf 2=
T 2021 4FEFE ZHE#)57 De Stichtse Rijnlanden 75 7K 4k
BRI 25 MW K IERIRIE R 48, S ih 10 000 7
FEEAR USR5S 2 BRL, U5 K ) 7K IR
P HHET B
3 FHEEIL

WG IPCC LM THE 7 % I T #5 5 F H
B O HER R 7, e 4 RS AL5 K T A TRRHERL
AR S, o fr TR & A2, HE 175K Bk A
T

(1) 4 A5 KT e HE R B (R HE O
AT 2 ik HE SR BE B9 T A1) Sk 0.510 ~ 1. 086 kg
CO,/m’ , Horpt B 5K fefm, A V5K 5k, 4 J&
VKT Fe KA HE T35 2 F R TR 2 B HE R, o7 EE R
47% ~T0% ; 55 — KWHEBUR N,O B 4EmmcHEL, &tk
H19% ~36% ; CH, FLHERRHER S R 6% ~11% , 25
SRR 5 HR 2% ~ 1%,

(2)4 A5 7K ) 1 [E] 2 B HE il 5 B2 7 0. 300 ~
0. 748 kg CO,/m’ , v o B J2 d5c K 1% [] B2 e HE AL,
o 1) 322 e HE T Y 82. 2% ~ 97. 4% , 245 #E Rk HE I 5
2.6%~17. 8%, FOFEMIEZORHE R B 5 1 K bR o
HBIE (BB ) | Ak BN AR RN A 3 67 o 4
Ak,

(3)4 A5k ) 1 1 HE B HE R B 0. 210 ~
0.438 kg CO,/m’, H: it N,O myfix HE K 5 63% ~
75% ,CH, HIBRHERL 5 20% ~26% , AL AR CO, BHE
Y 4% ~11% , FLERRHERC S #E oK d B BOD
AR COD Y BEAR G, T LLIE i p0 A A= W) I Al
TR ZHTEAR N, O PHER A -, 31 88 Tolki5 7K 5§
75 S Ek 5 K ) N,O AR COD A aHE iR
15K ARG CH, HIl I 32 2238 2o jd 048 W CH,
FEAE RS,

(4)B 157K R HIKIEIAZE SGAR A v F P AR
K 18] 4 77 A EBRIE A 0. 369 kg CO,/m® , 7] LUK TN
B 157K 33. 9% MRBHERC, HEIH RIS , B 157K ik
HERSR B A 0. 717 kg CO,/m’, 157K) ik ki
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