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Mathematical and Experimental Study of Anaerobic Digestion Process and Biogas Generation

from Fruit and Vegetable Waste
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Anaerobic process is a biochemical process in which microorganism break down a biodegradable material into biogas

(methane and carbon dioxide) under the absence of oxygen. It has been used to treat many types of waste, not only

because of energy production but also because it reduces pollutant. Since the complexity and operational stability of

anaerobic digestion process may lead to the failure, understanding of its process dynamics and operation optimizations

become necessary. Mathematical modeling and simulations are essential tools for this purpose. Many mathematical

models have been proposed and they are available in literature in order to obtain an optimal anaerobic digestion

process. Nevertheless, the applicability of those models may be limited by complexity of anaerobic processes.

The general objective of study is to develop mathematical models which is suitable to describe anaerobic digestion

process of fruit and vegetable waste for process optimization. Scope of the thesis are as follows:

e Laboratory scale experiment to obtain data of accumulated methane concentration and biogas volume generated
from fruit and vegetable waste as substrates and sludge from biogas plant as inoculum;

e Introduction of experimental outcomes into inverse problems of methane generation process;

e Computational analysis of the inverse problems and estimation of kinetic parameters from proposed models;

e Simulation of a methane co-fermentation process with outcomes form the inverse analysis.

Ordinary Differential Equation (ODE) model of anaerobic digestion processes of fruit and vegetable waste was

constructed. The first-order model and Monod model were applied. Numerical results obtained were compared with

experimental data, and showed a good agreement. However, the model incapable of describing anaerobic digestion

under inhibitions. The kinetic parameters from proposed models were determined by solving the problems

numerically. The method used was trial error method, however this method is very time consuming.

The model based on work by Grau (1975) was proposed, and it was implemented in Matlab. Nonlinear least squares

problem for determination of model parameters was solved with the nlinfit, in which the Lavenberg-Marquardt method

is applied. The numerical results and experimental data were compared. The results lead to the conclusion that the

Levenberg-Marquardt method demonstrated excellent performances for the nonlinear fitting task. Further, simulation

results showed a good agreement with the experimental results.
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