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Calculation and Comparison of Carbon Emissions for Different Construction Schemes of

WWTPs in the Planning and Designing Stage
Ji Shasha ™, Dai Dongchao, Chen Zewei
(Shanghai Urban Consiruction Design and Research Institute <Group> Co. , Lid. , Shanghai 200125, China)

Abstract [ Objective]  This paper aims to preliminarily clarify the impacts of site selection schemes, process routes, discharge
standards, and other factors on the carbon emissions of wastewater treatment plants ( WWTPs) during their operation phase at the
design stage. [ Methods]  This paper calculates and compares the differences in carbon emissions of WWTPs under two different
planning schemes (scheme 1 and scheme 2) based on design parameters. The paper aims to provide a reference for the rational layout
and adoption of green and low-carbon process routes in the construction of WWTPs. [ Results ]  The carbon emission accounting
boundary includes the planned WWTP and its supporting sludge treatment facilities. By calculating direct carbon emissions, indirect
carbon emissions, and carbon offset amounts, the carbon emission intensities of the two schemes are determined to be 0. 563 kg CO,-
eq/m’ and 0. 550 kg CO,-eq/m’, respectively. The main factors influencing the carbon emissions of different schemes are as follows ;
(1) scheme 1 adopts sole sludge incineration, while scheme 2 combines sludge incineration with anaerobic digestion, leading to
differences in carbon emissions and carbon offsetting amounts from sludge disposal; (2) the higher the wastewater treatment discharge
standard, the lower the carbon emission intensity of the receiving water body within the scope of direct emission accounting;
(3) differences in the location and scale of WWTPs and sludge treatment plants result in significant variations in indirect emissions
from transportation; (4) variations in greening schemes among different WWTPs lead to differences in carbon offset amounts brought by

greening, but such offsettings are almost negligible compared with those from the energy utilization of sludge.
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[ Conclusion |

Therefore, at the design stage, emphasis should be placed on the carbon emission differences caused by different

effluent standards and process routes. In addition, the synergistic effect between WWTPs and sludge treatment plants should be

considered, and indirect emissions from the transportation of sludge for off-site disposal should be minimized, thereby effectively

reducing the carbon emissions of WWTPs during the operation phase.

Keywords wastewater treatment plant( WWTP)
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Fig. 1

Wastewater System of Bailonggang Collective Area
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Tab. 1 Comparison of Layout Schemes for Planning WWTPs
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Tab.2 Design Parameters of Planning Scheme 1 and Scheme 2 for WWTPs
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Fig.3 Carbon Emission Accounting Boundary of Wastewater Treatment System
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ZYHKIE 0.009 kg CH,/ (kg COD) R
N,0 AbEE) (AN i) 0.016 kg N,0-N/kg PRI P T Y
SZAK (LA NI 0. 005 kg N,0-N/kg — B I I I
Ci) HEIR K 3k 0.792 1 t CO,-eq/ (MW - h) —
25 RBaEm 0.455 kg CO,-eq/kg —
R A 1. 48 kg CO,-eq/kg _
YA TR N 0.92 kg €CO,-eq/kg _
LR 0. 623 kg CO,-eq/kg _
EE=REA] 1.5 kg €CO,-eq/kg _

R 05 AN TR I 2 SR S A AR A Y 5 0 5 —
wAl, EERTHRE RE R R (IPCC B KR E ARG H
BFE) (2019 1&ITHR) BEHL . CH, \N,O Ay 2k TR T
AEST 9K 28 kg CO,-eq/ (kg CH,) .265 kg CO,-eq/
(kg N,0), AN, Z5EABFFREAARNE N, & B (IPCC
I S il 28 UM B R ) (2019 BT R L (mAEK
5 RGNS W HE S R R AR ) 5, T S8
ErER(8) ~ A (17) MR 4G HAL S5 3% 4
JiR,

3 AEAMRNFREZEER
3.1 EEHM

(HHEI

MR 2.2 X (1) ~ K (2) , 5K AL B AR
TSR H A HE S =N 86 853 t CO,-eq/a,
W CH, HESCR: M 31 395 t CO,-eq/a, N,O HER A
55 458 t CO,-eq/a( FZ AR N,0 HE) .

MRAE(3) ~ A (4) 2(6) , TR 1 55
FER B R T 3K 37 953 t CO,-eq/a, FiFf,
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F4 FRLEBBAHHZESEILCS

Tab.4 Summary of Carbon Emission Accounting Parameters for Sludge Disposal

SRR AT SHORE &1
ATIRCEE B I VE R M, 42120 m*/d —
TR L P 2.27% TR 00 DR AT A TR SRS LU BT (IPCC 477 )
WA CH, B H B Fen, 65% —
Yy 5 b i LA Cy 60% —
AAL T 0y 100% —
G RBEBE N,O HER K T Epx,0.in 0.99 kg N,0/(t Ti51R) —
R CH, HERR T Erci-1a 0.003 18 kg CH,-eq/kg -
AR 7 (L CH, 1) Eg 55. 54 kg CO,-eq/GJ —
4 77 AR A T o 0.005 7 kg CO,-eq/ (1 - km) T 46 t

T2 )R 5 IR AE B R A AL A R Co, HETE A
4162 t CO,-eq/a, BERHELE LAY N,O HE = I 4 596 t
CO,-eq/a; A ] TG RFE B b A U8 Co, HE
HLA 13 873 t CO,-eq/a, FEHEAE LAY N,O HERL &~
15 321 t CO,-eq/a,

() %2

T2 BRI T4 il T 2 B ILAL
HOES5TE M TL HE, ¥R 30 5 m'/d,
AR 2 ANJ5 % V5 KA 3 T 25 R HETBOK AR 25 50 B
ZRAFARTED, R 75 7K A B AR v I 2= SR B HE
SR

BTG e b B A v R ) b By R TA] &
HHFE2H5HFEHHEABERAR, BIE
K (3)~A(®), FE 2 mad g le b (T4 1/
T2k 2) PRETE LI LA (AR ) ) &35 kb
B, iR E SRR R 18 040 t CO,-eq/a, X
KRN 47.5%, Hoh T2 1 Fislesber=4
HIAEATR CO, HERLE ] 1 991 t CO,-eq/a, FEHEE K,
9 N,O HEJ M 1 532 t CO,-eq/a; T 2 W5k
R A A TR CO, HERGE R 3 981 t CO,-eq/a,
BB ) N,O HES i 3 064 t CO,-eq/a; K]
RIDREETH AL = A2 19 CO, HEE A 4 934 t CO,-eq/a,
CH, IR A 2 019 t CO,-eq/a; K K 4 H
A=A CH, HEE N 520 t CO,-eq/a.
3.2 [EEHE

QOVE !

WP (9) ~X (1), R 1 HLEFEE N
22 484 J3 kW « h/a, M HL & ™ Az %) (] 42l HE ik

K178 073 t CO,-eq/a; HAXINZG7 R 99 736 va, H
B2 12 782 t CO,-eq/a HY IR = S M A] FE HE T
PRV U6 3 i 7 A 1 T = AR ) A Rl 356
CO,-eq/a,

(2) %2

RPEF(9) ~ A (11), 775 2 HLIEFER 21 484
kW « h/a, ZM H = A ) T 3 HE R S 170 151
t CO,-eq/a; SLBIMZGFIH 99 736 v/a, HIL= A4 12
782 t CO,-eq/a M % SR BIHEHERU G ; TS V12 i
PR IR SRR R R R AT 1 A
28] 2,992t CO,-eq/a,

3.3 WiMEZE

(HTE1

J5 %8 1 RE IR Dl # M S AR T U SR BE R 1
IRE TSR] BT 7= A i e kM2, IR BE =X (12) 3B
HH IR A RRA M B AL 2 Oy 48 526 t CO,-eq/a, J
o, T BRRAMEE IR 2900 11 531 t CO,-eq/a, K
T HYBRAME LK 36 995 t CO,-eq/a,

T KA B PR AAE P B AR FH R ] 5 — 22
sty co, A=A pgmil, AR (13) ,FEFFE 1
o, HAmI S 324k 135 t CO,-eq/a, Hirp 4%
T HABBRIC 204 22 1 CO,-eq/a, AT # HAl 5%
230 113 t CO,-eq/a,

() WHE2

J5 %8 2 BRI DSCRR M S R S R A be SR
SAEGERT (ARE [ SCR T 7 AR I e kM | AR A =X
(12) , TH3 5 = A A M 29 11 531 ¢ CO,-
eq/a; VA CH, IR 32R 4T AR I FH 14 BE 2 [
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BRAMEERT 1K 15 435 t CO,-eq/a,

WL (13) % 2 o, HAbaio Bt 4
147 t CO,-eq/a, e, FL&T 1 W HABMRIC 24 A
12 t CO,-eq/a; T4 2 W HABHRIL 290 22 ¢ CO,-
eq/a; A A HABERILCZ) A 113 t CO,-eq/a,
4 ARMR] T RuHER AT EE 53 47

WE 4 iR, 2767 TR R T HER L 2
WMz, 5% 1 TS KA HECR R 267 376 t CO,-
eq/a, BRAEGRE A 0. 563 kg CO,-eq/m’; 5% 2 Y
15 K BRHECR K 260 829 t CO,-eq/a, BRHEMCIR &
0.550 kg CO,-eq/m’, 7EANFH JERRAMEMHE T,
T 5755 2 W B EHECS AEEHE L 430
0.39 : 0.61 F10.36 : 0. 64, 5 552 F 2100 15 1 iy
BRI 29 R i HE R S Y 1/3, Tl H2 Ak HE ik
AN BRHEE R 2/3 BZE e AL,

LES ! g2

. s ?IFI:
N | i
300 000 | o i

T 250000 | | m M
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Fig. 4 Comparison of Carbon Emissions between Planning
Scheme 1 and Scheme 2

25 HIWTAS R 7 235 7K T icHE i 3 1 4 B
P, RGO SE T 2018 4FE—2020 4F A [R] b BR
U5 K b 31T By e HE i, Herp 10 77,20 77,30
Jm’/d i 50 J7 m’/d BERHEBE 2924 0.9.0. 8,
0.8.0.7 kg CO,-eq/m’, B {5 7K b 3 | T2 AR T
e e TR B R R CHE R £ . TR, T R
1 4T RIR T AR HE R 3 512 0. 578 ke
CO,-eq/m’ F10. 559 kg CO,-eq/m’, J7Z& 2 P T4k
J7 TR 2 MR ) A HE B 4 0 R 0. 542
0. 553 kg CO,-eq/m’ il 0. 548 kg CO,-eq/m’, FEAR
S TSR AR L2 K A T2 i s PR
90 C LA IR I 43 BT e BRARAL S Y
15K AR BT K PRI AR AL A Kb i 2D 1 V5 e Tk
JIrT BAPRRE IR i 7 AR B IRl HE R, TR, & A

IKBRHEBCR AR . BEAh, 2 A7 R RLR O &
A SEBRIE TR S S 1E 2 FE I FRE T TH 4 IR
AR AT, DR A BE S A M PR BRS K ) AR
T VR HE T LA RIS
4.1 BEEHRXWEZRS

e s fon 78 R V5 K b BT R R
B (% CH, N,0) i Folid 70% , Hok 32 4l sk A4cHE
JiltE (7 CH, \N,0) 5 LBt 10% , 3 F &85 A5 i
Ab B AR K IR R B B

£5 MUBFR15HE 2 BHMRE S

Tab.5 Carbon Emission Source Proportions of
Planning Scheme 1 and Scheme 2

Ho K HEHOR ik s
HIEHRK KA R CH, 9.9% 10. 9%
ZA KRR CH, 3.6% 4.0%
AhmIEHER CH, 0. 4% 0.5%
IR AL HERL CH, 1. 0%
- H A AR CH, 0.3%
1EISEBEHEL CO, 8.0% 2.9%
IREH LHEK co, 2. 4%
V5 Kb PR AR HERL N, O 63.2% 69.3%
A KAEHEL N, O 6. 0% 6. 6%
HIBELEHRIL N, 0 8.8% 2.2%
Iia] B kA SN 93.1% 93.0%
REAS 1.4% 1.5%
RN 0. 7% 0.8%
LREN 0.7% 0.7%
AR 3.1% 3.2%
et 0. 8% 0.8%
iz 0.2% 0.1%
Az iE TS e ARE Il i 99.7% 42.5%
TEIRIRETH AL CH, #ARE [ 56.9%

A (T X AR A ) 0.3% 0.5%

(1) ZHEARHEA R 52, CH, £ T2 3%
Y KA G R HE TR BE O 0. 011 kg CO,-eq/m’, 7E K
i) A2 4N K A B Bk HE ISR BE R 0,019 kg CO,-
eq/m’,N,O 78 T L& T 32 44 7K 1R 1 Bk Hlk i 35 78
0.021 kg CO,-eq/m*, ¥ K Ui | 32 40 7K A 11 sk HE il
SN 0.031 kg CO,-eq/m’, 1E ELALHEHCE AL
ZAIKART AT 5 A 10% 424 AR 15 7K Ab Bt
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T2, R AR o HE O v | 4 X6 WA L HE B A 35
K

(2)ZIGRABE T2, 7% 1 AR
158k I T A6 3 b8 4 R B 4, H: e AR ik o B2 Ry
0. 080 kg CO,-eq/m’ , MM /7 %8 2 MR ¥ ) 15U R IR
AL e b R R B R B 2, e HE ik 5ER BE R
0.021 kg CO,-eq/m’, AL IR L= 9
I ZSHEIER 3 CH, HERL, 1 BB ™ A= 1) CO,
B N, O HofeHE i 32 & 1 BB IR 4800 Ak 7™ A= 1% CH,
F1 CO, Bty e ik HERCE
4.2 [EEHEREmERS T

k5 FroR , FE e o A SR 1k
HEk o LRIt 93% , 24 590 il £ R i e HE TR o L R
it 6% , 3z i At FHARRE T >k B9 Al HE Ak G e A
0.2%.,

(1) ASTR) 75 Y A BT 2545 ok 19 FLFE IR A I A
[A], FEEXBITETT5 R R G MH S P R G4
s TR R E e E, b, g1 3t
THEEHL hy 22 484 JT kKW - h/a, Foo HE MR B N
0.375 kg CO,-eq/m”; /7% 2 JLIHFEH Ky 21 484 T
kW - h/a, HERHEHGRE H 0. 359 kg CO,-eq/m’,

(2) 3215 PR AL ] 7= Py iz i 2 oK i) 35 BE Y
o, P TR TSR I 2 AT EUR Ak
V5K LB P T U A Be I A Ak B R it iR A T Ak
F% 2 AT Ti5 R % RS R AR E L
PRV, AR ) 15 e AT B8 i vl AR N5 e
RETHEBCE AL PR it AT AL B, PRI, 78 1 HE
WS A3 e HE R O 5 T 2R 2,

4.3 FRIMEZEZMEZRS T

N2 5 PR FEfAME 5 b 5 U8 e U [mDISOR]
7 LGB AT 999% , 1T i DXAR ) AR B 7 A Y sk b
A AR 1%, HE—22 5007 2 Fhils e AL B AL & 4k
J s R e A M i I I U8 T A B BT A ok 1 ik
AMEHERCER 9 -0. 102 kg CO,-eq/m’, 75 IR IR &I
A CH, JIT a7 R 1 Al 4042 HE 7805 2 - 0. 042 kg
CO,-eq/m’ , % B V5 e 58 e 19 filk #b £ 12 =5 T IR 4]
Ak,

5 %t

(D) RIEZEESER, TRV S5 FE2EGK
FRSALIL SF FE A 8) BHEEHE  TRIeHE i L R
Heslw BE AR ], 5 JR A FRAN B T 4 5 iR A A 22

S HHOT R 1 EELIGIRFE Ry XTI e A
B LR 2 RGBS IR A TH LA 2 A 1 0 X
HEAT , BT Y Ak i v B HE S o 5 e R AN
], LRI (g A R 5 PR A B B A AR, S
FEs AR 0 M HEOR A PR, 1Ak BT A
T~ IR AL TT SRAFAEAN ], FLAHE SR 1 e # M B IR AT BT
IR, ARSI T, 7 % 1 RIS KR HE IR BE
0.563 kg CO,-eq/m’, 7758 2 175 /K i HE 5% B hy
0. 550 kg CO,-eq/m’

(2) T AR5 KAL) IR TE 5 T B B X AN [ g
By ZE R RRHERC R VEAT X HUBIFST , B SRE H 7KK R
R | RSB AS A T S B O I T RS
T BRIBATEIIRAS BB A — 2 A (AR B HE
IO TR L 8] LA B e HE T8 B 51 Pl A S 500 1
P BRAT V5 7K AL BT AH T, 2% BHAE [ 55 250 T mT S
LAkhE | T2 BSAGE PRI IS AL R KRR
A TSR Ak, AT A e v /0 B VR T FE AT R A [R] 2
HERL, iX A2 BRI T5 S e HE O B2 AR A — A
Ei

()M TFARBRSE MRS AN 1075 km®, H
W H AT R A S e ol 22 B e, HATTE AR
R Bt i A AT R B BRI A% S S R B Rk,
DRI, 8 S ST 5 v 7 W5 7K A I R 2 i 2 o ok
ORI TR SE S ITE,

&% ik
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