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Small and medium wastewater treatment plants in northern China face significant constraints on
their green and low-carbon transition due to multiple challenges, notably the inhibition of microbial
activity during cold winters and concurrent shortages of energy and water. To address these
site—specific issues, this study proposes an integrated technological framework that synergizes
energy conservation, on-site energy generation, resource recovery, and intelligent operation. The
implementation of key technologies—including low-temperature moving bed biofilm reactors (MBBR),
photovoltaic power generation, and ground-source heat pumps—has effectively reduced energy
consumption and carbon emissions while enabling the recovery of reclaimed water and phosphorus.
Field results demonstrate that this approach can lower specific energy consumption by more than 26%
without compromising treatment efficacy,thereby markedly improving operational sustainability. The
study offers a practical and transferable pathway for promoting the low—carbon transformation of
similar wastewater treatment facilities.

small and medium wastewater treatment plants; green and low-carbon transition; energy
efficiency; resource recovery
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