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Abstract
The problem of derivation and calculation of sensitivity functions for all parameters of the mass balance reduced model of
the COST benchmark activated sludge plant is formulated and solved. The sensitivity functions, equations and augmented
sensitivity state space models are derived for the cases of ASM1 and UCT reduced biological models. Matlab software for
sensitivity function calculation and sensitivity model simulation is developed. The results are described and discussed. The
behaviour of the sensitivity functions is used to determine which parameters of the reduced model need to be estimated in
order to fit the reduced model behaviour to the real data for the process behaviour.
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Introduction
The problem of effective and optimal control of wastewater
treatment plants has become very important in recent years
due to increased populations and requirements for the quality
of the effluent. The activated sludge process (ASP) is a wastewater treatment process characterised by complex nonlinear
dynamics, a large number of variables, and a lack of sensors for
real-time measurement of many of these variables. The above
process characteristics require real-time control design and
implementation strategies to be developed in order to achieve
process operation which is compliant with the international
standards for effluent quality. Modern optimal control design
and implementation for the activated sludge process demands
extensive insight into the plant’s operation, clear objectives,
and knowledge about process dynamics described by an appropriate mathematical model. Modelling is the most critical phase
in the solution of any control problem because nearly all control
techniques require knowledge of the dynamics of the system
before control design can be attempted. This means that the
primary task of any modern control design is to construct and
identify a model for the system which is to be controlled.
Mathematical models of the wastewater treatment processes were developed using the first principles of conservation
of mass and energy (Copp, 2002), on the basis of developed
biological models, such as the first ones described by Dold et
al. (1980), Henze et al. (1987) and Wentzel et al. (1992). The
obtained mass-balance models describe the process-technology
structure and biological reactions taking part in this structure.
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Examples of such models are the COST benchmark model
(Copp, 2002) and the University of Cape Town (UCT) model
(Ekama and Marais, 1979; Ekama et al., 1984). The most used
biological models are the IAWQ1 (Henze et al., 1987) – the
model of the International Association for Water Quality called
Activated Sludge Model 1 (ASM1), and the UCT model – the
model developed at the UCT Department of Civil Engineering
(Dold et al., 1980).
The full ASM1 and especially the UCT model present
major problems in terms of their direct use for real-time simulation and control design purposes, because of their complexity,
limitations and drawbacks, as follows:
• Large number of model variables
• Complex dependencies and interconnections between the
biological variables
• Different time scales for the process dynamics
• The control actions for the process are not included in an
explicit way in the model equations
• Many variables are difficult to measure
• Many model kinetic and stoichiometric parameters are difficult to determine and have uncertain values
A way to overcome these difficulties would be to simplify the
complex model by developing reduced biological and
mass-balance models with a small number of variables,
while still maintaining the same characteristics as these of the
original full model (Pearson, 2003). Kinetic parameters of this
reduced model can be determined by development and application of different methods for parameter estimation (Holmberg
and Ranta, 1982; Jeppson, 1996; Halevi et al., 1997; Noykova
and Gyllenberg, 2000).
Solution of the problem of parameter estimation is based
on the given mathematical model in which the parameters are
not known, and on data for the process variables obtained by
measurement. Many of the biological nutrient removal models
are not identifiable since they have many more parameters than
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