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ABSTRACT

A bioreactor landfill has become popular recently in the developed countries that enhances
the waste decomposition rate by the addition of regulated moisture. However, it has been
given less attention and negligible applications by the tropical countries such as India and
Ethiopia. It has been due to the limited data availability concerning the landfill bioreactor
practices in the tropical conditions with existing solid waste. Hence, an attempt has been
made to examine the effect of landfill bioreactors as a means of enhancing the waste

biodegradation and assess their applicability in tropical climatic condition.

The study presented the bioreactor landfills operated with leachate recirculated mode suitable
for the tropical climatic conditions. The study was carried out in three testing lysimeters in
prismoidal shape and a control lysimeter in a circular shape. The bioreactors were operated
under various combinations of biodegradation enhancement techniques such as the biological
waste pretreatment, flushing technology, natural alkaline moisture addition, and waste
shredding to evaluate the degradation rate. The leachate qualities, the gas production, and

surface settlement were monitored for 270 days.

The overall biodegradation of pretreated wastes was accomplished in less than a year using
the flushing bioreactor system. The high-water input indicated a negative impact on the pH
buffers which delayed the methanogenesis process of the untreated waste. The landfilling of
the pretreated waste was observed to improve the rapid surface settlement rate in the flushing
bioreactor about 80%. The wastewater addition was found to solve the landfill buffering
problems, reducing the landfill gas production period. The addition of greywater in the waste
could delay the methanogenesis in the flushing bioreactor about a month compared to that of
the addition of the wastewater. Further, in the early stage of waste degradation (0-6 months),
the leachate quality, and the gas production varied significantly based on the initial moisture
content and the pattern of waste placement. The landfill commissioning season was found as
the core parameter for the waste decomposition processes along with the optimum moisture

contents.

A point estimation method was found inappropriate for the comparative studies of the MSW
stabilization stages for the different landfill scenarios. The leachate quality analysis restults
have indicated that the statistical interference method can be a reliable device to compute and
rank the pollution potential of the landfills with a high degree of confidence. Further, an

analytical based artificial neural network (ANN) model was developed to simulate the



organic pollutant concentrations in the leachates. The ANN input parameters were formulated
analytically based on the governing equation which considering the landfill as a single fully-
mixed reactor. Three processes were undertaken: (1) The dissolution of organic matter from
solid to liquid phases; (2) the attenuation of the dissolved organic matter from the substrates
utilization by the microorganisms and flushing; (3) the effect of the pH, temperature, and the
moisture contents on the overall processes in the landfills. The linear regression analysis
results suggested that the neural network based analytical model had a promising capacity to
simulate the organic pollutants in the leachate within an acceptable degree of error. Thus, it
could also help to monitor the long-term organic pollutant concentrations in the leachate

considering the time without intensive laboratory examination at the landfill sites.

In conclusion, the study has provided a possible technical solution for the treatment of solid
wastes using landfill bioreactors along with the simple modeling tools to monitor long-term
landfill emissions. This approach can be used in the tropical climate of developing countries

to manage the problem of over increased municipal solid waste disposal.
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