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Abstract

Against the backdrop of comprehensive advancement toward the dual carbon goals, energy conservation, carbon reduction,
and quality improvement have become core priorities for transformation in the water utilities sector. Water treatment plants, as
continuously operating, high-energy-consuming public infrastructure, exhibit substantial electricity consumption across processes—
including pump operation, water purification, equipment maintenance, and facility lighting—while remaining heavily reliant on
traditional grid power supply, resulting in persistently high operational costs and elevated carbon emissions. Distributed photovoltaic
(PV) systems offer advantages such as local material sourcing, nearby energy consumption, zero pollution, and simplified
maintenance, making them ideal for utilizing large idle rooftops and pool surfaces in water plants. This paper analyzes the energy
consumption structure and challenges faced by water plants based on their actual operational conditions, outlines appropriate
application models for PV systems, establishes an operational management framework for PV-powered energy efficiency, validates
the system’s energy-saving, cost-reduction, and carbon mitigation benefits through real-world engineering cases, and proposes
targeted optimization measures. The findings provide actionable references for green energy retrofitting and sustainable low-carbon
operations across regional water facilities.
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