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Abstract: In order to clarify the carbon emission characteristics of wastewater treatment plants (WWTPs) with low C/N influent and
to propose feasible low-carbon operation strategies, seven AAO-based WWTPs (divided into AAO-based WWTPs and
AAO-MBR-based WWTPs) were operated for one year, and the carbon emissions based on the emission factor method were
calculated and evaluated. In addition, according to the whole process analysis method, the carbon emission reduction pathways of
WWTPs with significant low-carbon operation characteristics were subsequently analyzed. The results show that electricity
consumption and nitrous oxide emissions are the main sources of carbon emissions, contributing 49.43% and 25.75% of carbon
emissions on average, respectively. AAO-MBR-based WWTP is dominated by indirect carbon emissions, and electricity
consumption accounts for about 60% of carbon emissions, while the direct carbon emissions caused by the microbial activity in
AAO-based WWTP dominate. The average specific carbon emission of AAO-based WWTP was significantly lower than that of the
AAO-MBR-based WWTP group (0.47 and 0.79kgC026q/m3), which presents remarkable low-carbon operation potential. Among the
seven WWTPs, all the specific carbon emission evaluation indicators of WWTP7are the lowest, indicating that WWTP7has the
highest potential for low-carbon operation. Furthermore, the study found that making full use of the influent carbon source,
multi-path synergistic nitrogen and phosphorus removal, and precise control of dissolved oxygen to avoid over-aeration are the key
points to greatly reduce energy consumption and achieve carbon emission reduction.

Key words: low-carbon-to-nitrogen ratio; AAO-based wastewater treatment plant; carbon emission characteristics; multi-path

synergistic nitrogen and phosphorus removal; low-carbon operation
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Table 1 Basic information of the seven WWTPs
H/k@jﬂ &Ltﬂ';ffi T #E7/K BOD #E/K TN K ON
I 45 (x10°m’/d) (mg/L)  (mg/L)
WWTP1 1 AAO-MBR  62.38 29.11 2.14
WWTP2 15 AAO 74.04 30.49 2.43
WWTP3 2 AAO-MBR  88.58 33.85 2.62
WWTP4 10 AAO 51.86 24.66 2.10
WWTPS5 7.5 AAO 92.79 29.68 3.12
WWTP6 17 AAO-MBR 102.74 35.46 2.90
WWTP7 30 AAO 73.58 23.23 3.19
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Table 2 Basic data for carbon emission calculation of the seven WWTPs

JEKALER G AEARFEAKNE  COD MGG TN EIRE St FLE BRI 2 P WA 2470 TR B
) (x10'm’) ® ® ® (x10'kWh) ® Q)
WWTP1 729.25 1190.59 163.18 4324.82 474.01 Z.1%(90%),358.81 BAENEN(10%),267.43
WWTP2 5742.40 9833.38 1320.00 40303.18 1435.60 ZIRHN(20%),1648.41 A H(8%),5289.76
WWTP3 1394.02 3272.71 376.07 10524.21 906.11 Z.1#(90%),71.60 A HAE(10%),1002.83
2841 (20%),700.00 e
WWTP4 3639.38 4859.45 543.45 8592.45 1273.78 e = 1%%‘5&(13%),3000.00
24 BH(60%),200.00
WWTPS 4892.70 9847.77 1043.23 38643.98 1321.30 Z%N(20%),27.53 REBIRY(11%),1499.66
WWTP6 4238.18 12063.83 1092.67 17574.88 2097.90 Z.1(90%),586.34 A H A (38%),1844.03
WWTP7 10211.25 14322.18 1859.86 44733.62 1838.03 - -
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Table 3 Comparison of operational performance evaluation parameters among the seven WWTPs

I WK ELHLRE WK COD Zeffi MizK TN Zeppt BT HLFE COD 25t AT HLRE TN 25 i FERE R R A L
(kWh/m’) (g/m’) (g/m’) (g/kWh) (g/kWh) (%)
WWTP2 0.25 171.24 13.42 684.97 91.95 43.73
AAO 4 WWTP4 0.35 133.52 11.18 381.50 42.66 63.33
WWTP5 0.27 201.27 10.59 745.31 78.95 47.76
WWTP7 0.18 140.26 12.99 779.21 101.19 44.48
WWTP1 0.65 163.26 13.71 251.17 34.43 64.74
AAO-MBR
5 WWTP3 0.65 234.77 11.49 361.18 41.50 65.08
- WWTP6 0.50 284.65 9.06 575.04 52.08 59.02
S E KT 0.002 ** 0.116 0.671 0.118 0.071 0.069
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Fig.3 Redundancy analysis between influent quality
characteristic parameters and operational performance

evaluation parameters
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Fig.4 Comparison of specific carbon emissions among the seven WWTPs
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