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Abstract--- A rigorous dynamic model of
anaerobic biofilm reactor (Mussati et al., 1998) is
used to optimize and evaluate different loading
strategies in anaerobic wastewater treatment
systems. This work includes variations in the original
model so that the results of process simulation also
represent the initial events of the start up operation
as regards the biofilm growth. The model was
implemented in gPROMS (General Process
Modeling System). Different dynamic optimization
formulations are evaluated. Start up strategies are
considered and discussed. A sensitivity analysis
regarding kinetic data on optimal start up policies
under two different conditions is included. The first
condition consists of a fixed maximum load, and the
other one is the maximum load supported by the
system, which varies according to the kinetic data
being used. Changes in maximum specific growth
rate, half saturation constant and specific death rate
of Monod's model generate different optimal start up
periods; whereas optimal start up time did not
change when the maximum allowed load for each
reactor is considered.
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I. INTRODUCTION
Anaerobic degradation has long been used in the
wastewater engineering field (Bull et al., 1983;
Camilleri, Kugelman and Chin, 1971; Radke and
Aivasidis, 1989; Seyfried and Austermann-Haun, 1990;
Switzenbaum, 1983). Major advances achieved in the
last decades regarding fundamental understanding of the
process coupled with energy shortages have resulted in
the development of biofilm reactor configurations
(anaerobic filter and fluidized bed), which arose interest
in the use of this technology for industrial and municipal
wastewater processing (Droste and Kennedy, 1988; Hsu
and Shieh, 1993; Lawrence and McCarty 1969). These
fixed biomass processes enable the attainment of high
solids retention times for high system efficiency and
stability, with low hydraulic retention times for system
economy. Although some problems such as stability
have been overcome, the long period required for start

up and for shifting the anaerobic system from one stable
operation point to another one is a critical point that still
needs to be studied. It may often take months to obtain
mature attached biofilms in these systems. Thus, it is
highly desirable to shorten start up times.

In this context, dynamic simulation and optimization
are useful tools for evaluating different loading
strategies (Dalla Torre and Stephanopoulos, 1986). A
dynamic anaerobic biofilm reactor model (Mussati et
al., 1998) is used to optimize and evaluate start up
procedures and to bring the system between two stable
operation points. Most of the work deals with piecewise
constant functions in the computational experiments.
Optimization results are based on biomass concentration
maximization into the reactor system. The gOPT tool of
gPROMS was used to perform the dynamic optimization
calculations.

II. THE MODEL
The model (Mussati et al., 1998) has been divided into
the following major modeling tasks: modeling of (a) an
anaerobic degradation process, (b) a reactor subsystem
(reactor-module), (c) a physico-chemical reacting
subsystem, (d) a gas phase subsystem and (e) a biofilm
subsystem. The most important features of this model
involve the following items: biofilm kinetic model,
inactive biomass is considered in both suspended and
attached growth balances, gas-liquid transfer model, pH
inhibition, and non-dissociate and dissociated chemical
species equilibria.

III. LOAD POLICY OPTIMIZATION
The results are useful as a starting point in planning
experimental works using different start up strategies.
Indeed, from a theoretical point of view, it allows us to
draw conclusions about the advantages and
disadvantages of the different strategies that have been
previously proposed. This is possible since the model
allows time variation of the load, substrate
concentration, pH by adding acid or alkalis and the
concentration of the different bacteria groups in the
inoculum.

The most widely used start up strategies are those
corresponding to the maximum load and maximum


