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Dynamic Simulation of Anaerobic Methane Production in Landfills Considering Leachate Recirculation and
Synergistic Control of Greenhouse Gases
Hongfen Zhang
Zhonglan Environmental Protection Technology Co., Ltd.

Abstract: Municipal solid waste landfills serve as a critical source of urban greenhouse gas emissions. As a core
biostimulation technology for landfills, leachate recirculation greatly changes the hydraulic properties, microbial community
structure and anaerobic degradation process of waste piles, and directly affects the generation and emission characteristics of
greenhouse gases including methane (CH,) and carbon dioxide (CO,). To accurately reveal the dynamic evolution mechanism
of anaerobic methane production under leachate recirculation and realize efficient synergistic control of greenhouse gases, this
paper establishes a dynamic numerical model for anaerobic methane production in landfills on the basis of multi-field coupling
theory of waste degradation, seepage migration and microbial reactions. The model takes recirculation frequency, recirculation
volume and water quality characteristics into consideration, and is calibrated and verified by field test data. The influences
of different recirculation parameters on methane production rate, cumulative gas output and greenhouse gas components are
systematically analyzed. The results show that moderate leachate recirculation can optimize the moisture content and acid-
base environment of waste piles and activate the activity of methanogens, increasing methane production efficiency by 45%-—
60% compared with the condition without recirculation. Nevertheless, excessive recirculation will cause acidification and pore
clogging of waste piles and restrain anaerobic methane production. According to simulation results, a synergistic greenhouse
gas control system focusing on precise parameter regulation, in-situ gas collection and microbial enhanced remediation is
constructed, which can raise the greenhouse gas emission reduction rate of landfills by more than 30%. The research results
can provide theoretical support and technical reference for stable landfill operation, precise greenhouse gas management and
improvement of carbon emission reduction benefits.
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