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Abstract

Anaerobic treatment is widely used around the world as a biological stage in
both domestic and industrial wastewater-treatment plants. The two principal
advantages of anaerobic over aerobic treatment are the production of biogas,
which can be used as fuel, and the lower rate of biomass production, which
results in lower maintenance costs for the plant. The upflow anaerobic sludge
blanket (UASB) reactor is an attractive alternative for regions in hot climates
since it works better under mesophilic conditions and it does not need any
supporting structure for the development of microorganisms, which grow in
the form of granules.

In this thesis, a model describing the UASB reactor behaviour with respect
to substrate degradation, microorganism growth and granule formation was
developed. The model is transient and is based on mass balances for the
substrate and microorganisms in the reactor. For the substrate, the processes
included in the model are dispersion, advection and degradation of the organic
matter in the substrate. The reaction rate for the microorganisms includes the
growth and decay of the microorganisms. The decay takes into account the
microorganism dying and the fraction of biomass that may be dragged into
the effluent. The microorganism development is described by a Monod type
equation including the death constant; the use of the Contois equation for
describing the microorganism growth was also addressed.

 An equation considering the substrate degradation in the granule was
required, since in the UASB reactor the microorganisms form granules. For
this, a stationary mass balance within the granule was carried out and an
expression for the reaction kinetics was then developed. The model for the
granule takes into account the mass transport through the stagnant film around
the granule, the intraparticle diffusion, and the specific degradation rate. The
model was solved using commercial software (COMSOL Multiphysics). The
model was validated using results reported in the literature from experiments
carried out at pilot scale.

A simplified model was also developed considering the case in which the
microorganisms are dispersed in the reactor and granules are not formed. The
UASB reactor is then described as formed by many well-stirred reactors in
series. The model was tested using experimental results from the literature and
the sensitivity of the processes to model parameters was also addressed. The
models describe satisfactorily the degradation of substrate along the height in
the reactor; the major part of the substrate is degraded at the bottom of the
reactor due to the high density of biomass present in that region. This type of
model is a useful tool to optimize the operation of the reactor and to predict its
performance.
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