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Abstract

This study presents a modular green energy-saving system integrating water resource recycling and biomass energy recovery.
Through key technologies including piston pump water circulation, float valve switching, physical-biological composite purification,
and high-efficiency biogas fermentation, the system enables classified collection, treatment, and resource utilization of rural rainwater,
shower wastewater, kitchen sewage, and fecal wastewater. Theoretical analysis and rural pilot verification demonstrate that this
system significantly reduces rural tap water consumption and sewage discharge, while producing clean biogas for domestic lighting
and production support. It effectively improves rural living environments, enhances resource utilization efficiency, and delivers
substantial economic, environmental, and social benefits. This innovative solution provides a green infrastructure framework for rural
revitalization.
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