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Abstract: The purpose of this thesis is to study some problems that arise from bioprocess 

engineering, in particular the behavior analysis and optimal cultivation of microalgae and the 

connection of multiple bioreactors. The thesis consists of three problems. The first is based on 

a recent study in which the authors extend the classical Monod model incorporating light 

incidence on the dynamics through the role of biomass growth. The idea is to study a more 

general problem of nonlinear optimization which considers maximization average biomass of 

microalgae versus time, for different time intervals. The mathematical difficulty that arises is 

related to that discontinuity of the time intervals which causes non differentiability in some 

domain points. This lack of regularity involves the formulation of a non-smooth optimization 

problem. In the second problem, a reduced mathematical model of a microalgal pond with 

nitrification is analyzed, assuming that microalgae can grow either by ammonium consumption 

or by nitrate consuming, with preference for ammonium. Light limitation by self-shading is also 

included in the growth rate of microalgae as a noncompetitive inhibition. It is feasible to 

reduce the system using the theory of asymptotically autonomous systems and the limiting 

system obtained can be considered as a perturbation of a system of two species competing for 

a substrate. So, we use a result of non-vanishing perturbated systems to obtain a strong 

stability theorem for equilibrium coexistence. The last problem is related to compartmental 

systems. It is proved that for a large class of finite dimensional input-output positive systems 

that represent networks of transport and diffusion of solute in mobile and immobile 

compartments, there exist MINC (multiple interacting continua) and MRMT (multi-rate mass 

transfer) algebraically equivalent representations. Moreover, we provide explicit methods to 

construct these representations, where controllability property is playing a crucial role. 
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