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Abstract
Background and Aims: Methane is one of the most potent greenhouse gases affecting climate change, and
landfills are among its primary emission sources. Accurate estimation of methane emissions is a key step in
effective waste management, mitigating climate impacts, and planning for energy recovery. This study aimed
to estimate and compare methane emissions and energy production potential from the Zanjan municipal solid
waste (MSW) landfill using the IPCC Waste and LandGEM models from 1997 to 2034.
Materials and Methods: Demographic data, waste generation and disposal rates, physical composition, and
landfill management conditions were collected. These data, along with model-specific parameters and
coefficients—including DOC, DOCF, MCF, F, L0, k, and OX—uwere utilized to simulate methane emissions
based on IPCC guidelines and LandGEM documentation. Finally, the potential for electrical energy production
derived from the estimated methane gas was calculated. Ethical considerations were strictly observed
throughout this research.
Results: Results indicated an increasing trend in methane emissions for both models; however, LandGEM
estimates were significantly higher. Annual methane emissions increased from 0.114 to 3.204 Gg/year in the
IPCC Waste model and from 0.377 to 11.306 Gg/year in the LandGEM model, with the highest levels observed
in the final years. The annual electrical energy production potential in the final year was estimated at 57.7
GWh/year for the LandGEM model and 15.27 GWh/year for the IPCC Waste model.
Conclusion: The findings demonstrate the capability of both IPCC Waste and LandGEM maodels in predicting
emission trends, although LandGEM predicted higher values. The Zanjan landfill possesses a favorable
capacity for energy recovery and greenhouse gas mitigation. Given the modeling-based nature of this research,
validation of these results using field measurement data is recommended for future studies.
Keywords: Municipal solid waste (MSW); Biogas; Climate change; Emission modeling; Energy recovery;
Greenhouse gases (GHGS).
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Figure 1- Geographical location and boundary of the study area (Zanjan municipal solid waste landfill site)
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Figure 2- Comparison of methane emission trends at the Zanjan landfill site using the IPCC Waste and LandGEM models
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