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Objective: Although sanitary landfilling remains a widely used waste management method
in many places, one of its major challenges is the release of greenhouse gases such as
methane, which contributes to air pollution, global warming, and safety hazards. Landfills
are a major source of potent greenhouse gases, specially in developing countries where the
majority of such emissions are produced. This is a critical issue for the case of Tehran,
where the lack of research and modeling on gas production from the landfills hinders
mitigation and control efforts. Given the current air pollution crisis in Tehran, the extent
and proximity of Aradkooh landfill to Tehran have made this landfill's emissions a
significant threat that could worsen the region's severe air pollution crisis. This fact has
created an urgent need for accurate modeling and monitoring to inform effective recovery
projects. Therefore, this study aims to (i) characterize landfill gas composition and
formation processes, (ii) review and evaluate gas estimation methods, and (iii) apply the
USEPA LANDGEM model to estimate greenhouse gas emissions at the Aradkooh landfill
in Tehran.

Method: Methane generation was modeled using LANDGEM, which applies a first-order
decay equation to predict annual landfill gas emissions. Two parameter sets were used:
default values provided by the software and theoretical values calibrated to local conditions.
Results: Biogas generation potential was primarily determined by waste volume and
composition. In Tehran, effective biogas potential was calculated as the difference between
total waste input and the portion processed annually. Favorable landfill conditions,
including adequate burial depth and engineered covers, supported efficient anaerobic
degradation and methane recovery.

Conclusions: Modeling results under the two scenarios highlighted the importance of
parameter selection for reliable emission forecasting. The study emphasized the need for
accurate modeling and monitoring to support emission management. Future directions
include applying advanced kinetic models, evaluating waste diversion impacts, validating
results through field measurements, and testing mitigation measures such as geomembrane
liners, nanomaterials, and biogas recovery for energy utilization.
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Introduction

Waste disposal in landfills is one of the most common methods of waste management worldwide, but
it generates significant amounts of landfill gas (LFG) through anaerobic decomposition of organic
matter. The main components of LFG—methane and carbon dioxide—are potent greenhouse gases
associated with climate change, safety hazards, and health risks. Developing countries currently
contribute the majority of global landfill emissions, a trend expected to rise further in coming decades.
Despite the critical importance and urgent need for proper waste management in Iran, particularly in
the Tehran metropolis, model-based predictions of landfill gas (LFG) production remain scarce. This
lack of information can severely hinder the practical decision-making and investment in biogas
recovery projects. If we consider Tehran's acute air pollution crisis, which has been a primary
environmental and public health challenge in recent decades, the lack of such research is even more
important. The Aradkooh landfill's location on the city's southern outskirts poses a significant risk, as
its emissions of greenhouse gases and secondary pollutants can markedly exacerbate the region's air
quality issues (Arhami et al., 2017; Zare Shahne & Arhami, 2016). This sensitive location plus the
considerable volume of the waste disposed in this site makes precise emission modeling essential.
Also, experiences from global methane recovery projects indicate that only a fraction of the
theoretical gas potential can be typically captured. This knowledge gap highlights the urgency for
robust model-based studies and continuous emission monitoring at the site.

In Iran, biogas production potential is considerable, averaging about 1.6x10* m3 annually with a
calorific value exceeding 3.6x101° J. The Aradkooh landfill, located 25 km south of Tehran, has
served as the city’s main disposal site since the 1980s and receives most of the municipal waste
generated. Rapid urbanization has exacerbated waste management challenges and highlighted the
environmental and health implications of landfill emissions. Given Iran’s commitments under the
Paris Agreement, an accurate amount of these emissions is a critical prerequisite for mitigation and
energy recovery.

The objectives of this study are characterizing the landfill gas composition at Aradkooh, assessing
the gas formation processes, evaluating the estimation methods, and applying the LANDGEM model
to quantify greenhouse gas emissions from the site.

Method

Methane production models provide mathematical frameworks for estimating gas generation from
waste decomposition in landfills. These models typically account for waste volume, composition, and
site-specific environmental conditions to predict methane generation over time. They are generally
classified into three groups: (i) zero-order models, which assume constant gas production; (ii) first-
order models, the most widely used worldwide, where methane generation decreases exponentially
with waste age and degradability; and (iii) second-order models, which combine multiple first-order
reactions to describe more complex decomposition dynamics.

In this study, the first-order LANDGEM model developed by USEPA was applied to estimate biogas
production at the Aradkooh landfill in Tehran. Model parameters, including methane generation
potential (L, ), decay rate (k), and annual waste input, were determined using both default values and
locally derived theoretical data. Effective waste mass was calculated as the difference between total
input and the fraction processed annually. Based on expert assessments, the Aradkooh site is expected
to reach its full capacity by 2041.

To account for local conditions, five-year meteorological data (2019-2024) from the Imam Khomeini
Airport station were incorporated into the model. LANDGEM was then used to simulate methane,
carbon dioxide, non-methane organic compounds, and selected pollutants, enabling assessment of
both total generation and potential dispersion around the landfill.
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Results

Biogas generation from landfill waste primarily depends on waste volume and composition. In
Tehran, the effective biogas potential equals the difference between total waste input and the portion
treated annually. Local landfills apply diverse disposal methods and provide favorable conditions,
such as sufficient burial depth and proper cover systems, that enhance anaerobic degradation and
support efficient biogas recovery.

This study focused on the Aradkooh landfill as a significant source of greenhouse gas emissions in
the city of Tehran, particularly for methane. Modeling with LANDGEM software revealed a gas
production trend aligning with the theoretical pattern of anaerobic waste decomposition, which was
an initial increase followed by a gradual decline. While this pattern was consistent with other global
landfills, the emission intensity and variability at Aradkooh were higher than average. This
phenomenon was a consequence of the high proportion of biodegradable organic material in Tehran's
waste composition.

Two scenarios were assessed and compared: default Clean Air Act (CAA) parameters and locally
derived inputs. Results showed that methane production peaked in 2042 at 356.6 million m3 under
CAA assumptions, compared to only 92 million m3 with local parameters, demonstrating the
importance of site-specific data.

Conclusions

Overall, there are three key points in the results of this study. First, the Aradkouh landfill was
recognized as a major source of methane emissions and, without proper management, could have
serious impacts on climate change and human health. Second, the collection and use of biogas could
not only prevent methane emissions but also create economic value as a renewable energy source.
Third, waste management in Iran needs to move towards reducing dependence on landfills and
developing alternative solutions such as recycling and composting. Furthermore, the findings
highlighted the need for accurate modeling and monitoring, and recommended future work on
advanced decay models, field validation, and mitigation strategies such as geomembrane liners,
nanomaterials, and biogas recovery for energy use.

This research underscores the need for enhanced modeling of landfill greenhouse gas emissions. To
achieve this, subsequent studies should employ modified or second-order models that better account
for local site characteristics. The calibration and validation of these models require robust field data
from direct emission measurements. Finally, evaluating diverse waste management strategies,
particularly those boosting recycling and composting rates, is essential to quantify the potential of
waste diversion policies in mitigating gas production.
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