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Research on influencing factors of carbon emissions during operational phase of grey rainwater drainage system in
typical town in the Yangtze River Delta//WEI Yuanyuan', DING Chao', FENG Qian®’ ( 1. Shanghai Urban
Construction Design & Research Institute ( Group) Co. , Lid. , Shanghai 200125, China; 2. College of Environment, Hohai
University , Nanjing 210098, China; 3. Key Laboratory of Integrated Regulation and Resource Development on Shallow
Lakes, Ministry of Education, Hohai University, Nanjing 210098, China)

Abstract: The carbon emission boundaries of the gray rainwater drainage system of residential and commercial areas of
Nanjing, a typical city in the Yangtze River Delta were defined, and a combination of field monitoring and numerical
simulation was employed to quantify the operational phase carbon emissions. The influence of factors such as functional zone
type, drainage mode, and storage mode on operational carbon emissions under different rainfall return periods was
investigated. Additionally, the proportion of operational phase emissions in the full life cycle was calculated. The results
indicate that carbon emissions from initial rainfall runoff are the primary source of operational phase carbon emissions in
gray rainwater drainage systems. The average carbon emission from initial runoff in commercial areas was 3. 76 t/hm’(in
CO, equivalent) , 1. 95 times that of residential areas (1.93 t/hm”). Under forced drainage mode, operational phase
carbon emissions were 2. 27-3. 47 times higher than those under gravity drainage mode, while storage mode reduced
operational phase carbon emissions by 28. 76% by controlling initial rainfall runoff. Across the full life cycle of gray
rainwater drainage systems, operational phase carbon emissions accounted for 15. 98%-31. 87%, depending on functional
zone type, drainage mode, and storage mode.
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Fig.2 Changes in COD and TN mass concentrations during 4 rainfall events
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Fig.3 Validation results of SWMM in residential and commercial areas
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Table 1 Initial runoff and event average mass concentration of pollutants generated by grey rainwater drainage systems in

residential and commercial areas under different rainfall return periods

e R
VIR R (m®/hm?)  pcop/ (mg/L) prv/ (mg/L) AR R (m®/hm?)  peop/ (mg/L) i/ (mg/L)
0.5 138. 64 33.44 11.19 140. 37 66. 06 15.17
1 173.73 41.34 11.21 175.91 80. 58 19. 80
2 208. 83 48.96 16.28 211.44 94. 41 27.41
3 229. 35 53.87 17.91 232.22 103. 28 21.91
4 243.92 57.36 19.07 246.97 112.34 23.85
5 255.22 60. 04 19.96 258.41 114.52 25.93
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Table 2 Carbon emissions from initial rainfall runoff

in residential and commercial areas under different rainfall

return periods

Femid S K aRHE R (kg/hm? ) B IX B HECR:/ (kg/hm?)

B#Hl/a  CH, N,0 &t CH, N0 &t
0.5 623 0.32 655 1246 0.44  12.91
1 9.65  0.41 10.06 19.05 0.73  19.78
2 13.74  0.71 14.45 26.83 1.21  28.04
3 16.61  0.86 17.46 32.24 1.06  33.29
4 18.80  0.97 19.77 37.29 1.23  38.52
5 20.59  1.06 21.65 39.77 1.40  41.17

3.2 BHMEFR AR T 1 4 HA R HE A E

H TR DT R R 52 2% Tl K (7 AR P 3
2 TRT A AL e T T 8RR K HE R TR E K
I HEROE LA S A R HEZK , T BE -5 20 7K (2] 7 A

FROK TAD RS, 0L A s SR T o A X e 7Kk 2 5t ) s
IKHEATATTE i G AR K RS SCa i T A
BRI HER T K € R 7K HEZK 2R Gei2 40T i Bk HE
WCRFAIE . R R 3 HER S A HEK BE $ IR gt —
AT AR MEBEATBEE , DL ARIERS 31 (4 B HE R 1) ]
Fettk, 26 3 S AN [m] e m e A0 T 1 R A8 A
AROBHEICRE . o3 3 AT UL, s HRAE R K 2 K
HEK R G BRHE IR 38 = T F RS USRI
A R w E I R 0.5 a B, 1 HERE 0 e HE
N 6. 55 kg/hm” , 1 3 HERE K 27. 55 kg/hm”, = H
HERECRY 4. 21 A% BEFT Uy 5a i, A HEBE Y
B HE B N 43, 73 kg/hm®, T #R HE BT SO
84.75 kg/hm® J& A HERLCY 1. 94 %, Bl W 52 30
WG s HER S A HRRE A B HE i 2 L
RATG, T U T B o BT T R G R /KK 3R
Gt HE i 1 A 78 2 3t 150 W I I LAY R
SRR 5 HEASE 0T T 7K HE K ZR G0 e HE R, B Y
AN

x3 AEEWERHTAHFEXFEHEX RN E

Table 3 Carbon emissions of gravity drainage
mode and forced drainage mode under different

rainfall return periods

R o R X O (kg/hm®) Bl X BRHERCE/ (kg/hm®)

BWla [ RGN AR S HEAE X
0.5 6.55 27.55 12.91 33.95
1 10. 06 36.82 19.78 46.58
2 14.45 46.71 28.36 60. 52
3 17. 66 52.95 33.68 68. 66
4 19.09 54.71 37.19 72.89
5 23.00 63.50 43.73 84.75
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Table 4 Carbon emissions of conventional mode and

storage mode under different rainfall return periods

FEmT T o R XU (kg/hm®) Bl X BRHEC R/ (kg/hm®)

B2 wHE EER eI PE R
0.5 27.55 20.96 33.95 21.00
1 36. 82 26.58 46.58 26. 64
2 46.71 31.95 60. 52 32.02
3 52.95 35.09 68. 66 35.16
4 54.71 35.62 72.89 35.70
5 63. 50 41.00 84.75 41.08
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