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Abstract [ Objective] Power consumption is the primary source of carbon emissions in wastewater treatment plants ( WWTPs).
With increasingly stringent environmental protection requirements, the power consumption of WWTPs has increased accordingly,
conflicting with the "energy conservation, carbon reduction and efficiency improvement" goals. Therefore, accurately identifying
factors influencing power consumption of WWTPs is fundamental to achieving green and low-carbon operation targets.
[ Methods | This paper focuses on a sewage-sludge-odor co-treatment WWTP in Shanghai. Specific energy consumption analysis and
non-linear regression analysis method were used to analyze the power consumption data of this plant from 2021 to 2024.
[Results] Under the sewage-sludge-odor co-treatment mode, the specific power consumption of the whole plant reached 0.617 kWh/m®
representing a 106% increase compared to conventional WWTPs. The aeration system, sludge incineration system, and deodorization
system were the core energy-consumption processes, together accounting for 67. 78% of the total power consumption. Among them, the
aeration blower, deodorization blower and primary air blower contributed 23%, 13%, and 5% of the total plant power consumption,
respectively. The treatment capacity significantly influenced electricity consumption, with critical threshold effects observed. When the
wastewater treatment capacity is higher than 55% of the designed load and the sludge treatment capacity is in the range of 60%—80% of
the designed load, a balance between total power consumption and specific power consumption can be achieved. [ Conclusion] Based

on the power consumption characteristics analysis, this paper shows that the plant has substantial energy-saving potential. Energy
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savings of 14.39% - 22.58% can be achieved through equipment upgrading and renovation, operational load management, operation

strategy optimization, and intelligent management and control. This paper provides a reference for the green and low-carbon operation of

other WWTPs.

Keywords green and low-carbon; wastewater treatment plant ( WWTP) ; aeration system; sludge incineration system; deodorization

system; power consumption analysis; energy-saving and low-carbon operation
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