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ABSTRACT

Landfill gas is a significant source of anthropogenic methane emissions and accounts for more
than half of the greenhouse gas emissions from the waste sectors. In developing countries due
to budget constraints, harvesting landfill gas for energy, which is the best mitigation option is
not feasible. Thus, enhanced methane oxidation within vegetative landfill cover soils is
considered an important secondary measure to reduce landfill methane emissions to the
atmosphere. Methane oxidation within vegetative landfill cover is also an eco-friendly
remediation technology which uses methanotrophs present in landfill cover for converting
methane into carbon dioxide which is 28 times less potent than methane over a time horizon of
100 years. The effective implementation of this cost-effective emerging technology requires
optimal moisture content within the vegetative landfill cover soil. Most of the current research
deals with the methane oxidation modelling within cover and hydrological study of landfill
cover. Management of optimal moisture content over landfill cover for enhancing the methane

oxidation has received very little attention so far.

In this study, mathematical models are developed for prediction of moisture movement and
methane oxidation within vegetative landfill cover. The soil moisture movement and uptake of
soil water by roots within landfill cover is predicted first. The methane oxidation within landfill
cover is simulated next using the observed plant-soil parameters and the moisture flow data
simulated from the first part of the model. Furthermore, an attempt has been made to determine

the optimum irrigation scheduling over landfill covers.

In the first part, a non-linear partial differential equation for variably saturated moisture flow,
is solved numerically by finite difference technique using a backward difference scheme
coupled with the Picard iteration method. The equation is solved using an initial water content

distribution and a flux boundary condition that signifies rainfall, irrigation and



evapotranspiration. In continuation, the solution of methane oxidation equation involves a two-
step explicit scheme. In the first step, the flux at the centre point of each node is determined
explicitly. The concentration for the next time step is then obtained using the flux from the first
step. Further, optimal irrigation scheduling is calculated on the basis of daily available moisture

content within cover using the CROPWAT software.

Initially, the variable saturated moisture flow model is simulated with and without considering
the water uptake by plants term (sink term). The results obtained are later compared with the
experimental data available in literature to validate the model. The model is then applied to
different scenarios for water uptake by roots for jatropha plant under various environmental
conditions. Later, taking the monthly average actual weather data as an input parameter, the
spatial variation of moisture content for the proposed vegetative landfill cover is obtained with
various Evapotranspiration values. Further, a numerical parametric analysis is conducted for
vegetative landfill covers over MSW landfill taking the thickness of the vegetative cover, Soil

Type, Evapotranspiration and effect of irrigation over cover.

In the next part of the study, the oxidation model is simulated using the moisture data from the
moisture simulation model within the vegetative landfill cover to compute the concentration of
methane as well as the concentration of oxygen and carbon dioxide at each node and their
movement within the vegetative landfill cover. Subsequently an optimal irrigation requirement

over the landfill cover to increase the oxidation of methane within the cover is computed.

Finally, with different irrigation patterns over landfill cover, spatial and temporal variation of
methane, carbon dioxide and oxygen is simulated. Furthermore, the results obtained show that
if optimal irrigation over a vegetative landfill cover is resorted to, an increase in oxidation of

methane can be achieved.

Keywords: Landfills, Greenhouse Gases (GHGs), Irrigation Scheduling, Landfill covers.
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