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Abstract

A laboratory-scale upflow anaerobic sludge blanket (UASB) reactor followed
by a packed bed reactor (PBR) filled with Sorbulite® in the lower part and
Polonite® in the upper part was used to treat household wastewater in a 50-
week experiment. A model was developed to describe the performance of the
UASB reactor, including mass transfer through the film around anaerobic
granules, intra-particle diffusion and bioconversion of the substrate. In a
second model, a numerical expression describing the kinetics occurring in
the granules was developed. It includes the resistances through which the
substrate passes before biotransformation. These expressions were then
linked to governing equations for the UASB reactor in order to describe
degradation of the substrate, biomass growth (active and inactive), and
variation in granule size over time. A third model was developed to describe
the profile of the phosphorus (P) concentration throughout the PBR. In a
first attempt, the analytical and numerical model was applied to data taken
from previous studies in which UASB reactors were used to treat sugarcane
mill wastewater and slaughterhouse wastewater. The results showed good
agreement between observed and simulated results. Sensitivity analysis
showed that diffusion coefficient and yield were important parameters in the
UASB reactor model.The laboratory bench-scale experiment revealed that the
combined UASB-PBR system efficiently treated the residential wastewater.
Phosphorus, BOD7 and pathogenic bacteria all showed average removal of
99%, while total nitrogen showed a moderate reduction in the system (40%).
Application of the numerical solution model to the experimental UASB reactor
used resulted in good agreement between simulated and experimental values.
Regarding the PBR, the model developed successfully predicted P removal.
For both models, the capability and sensitivity analyses identified important
parameters. A treatment system aiming to close the loop is suggested based on
sequential UASB and PBR with biogas collection, nutrient recycling via sludge
and filter media and elimination of pathogenic organisms.
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