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The increase in the use of biofuels has raised new challenges to engineering problems.
The design optimization of bioreactors and photo-bioreactors (PBR) is crucial for the
improvement in the biofuels production [1] [2] [3]. In this work a multiobjective design
optimization was applied in a continuous bioreactor, considering the solution of flow
process. For this, a multiobjective evolutionary algorithm (NSGA-II) is used [4]. The
aim is to find the most favorable geometry for the optimization of the fluid dynamics
parameters that can influence the chemical processes involved in the bioreactor, such as
shear-stress and residence time distribution (RTD). An open source computer package,
called pyCFD-O (Figure 1), was developed to perform the computational fluid dynamics
(CFD) and the optimization processes in a fully automatic manner. It calls the pre-
processor to generate the computational geometry as well as the mesh, it then performs the
CFD simulations using OpenFOAM, calculates the output parameters, and iterates the
procedure. The evolutionary algorithms relies on a relatively large number of simulations,
which may result in a considerable computational effort, depending on the configuration
of the workstation. The procedure of CFD solver and optimization can be performed
in parallel on a Linux PC cluster so as to reduce the user waiting time. The pyCFD-O
package has proved reliable and robust. A nearly optimal speed-up was obtained for the
present configuration and the Pareto-optimal front is presented with possible solutions of
the problem. Such analyses are also helpful for the scale-up process of bioreactors and
photobioreactors.
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Figure 1: Flowchart showing the numerical solution procedure PyCFD-O: a continuous bioreactors case.

[2] B. Wu, “Advances in the use of cfd to characterize, design and optimize bioenergy
systems,” Computers and Electronics in Agriculture, no. 0, 2012.

[3] J. P. Bitog, I. B. Lee, C. G. Lee, K. S. Kim, H. S. Hwang, S. W. Hong, I. H. Seo, K. S.
Kwon, and E. Mostafa, “Application of computational fluid dynamics for modeling
and designing photobioreactors for microalgae production: A review,” Computers and
Electronics in Agriculture, vol. 76, no. 2, pp. 131–147, 2011.

[4] K. Deb, A. Pratap, S. Agarwal, and T. Meyarivan, “A fast and elitist multiobjective
genetic algorithm: Nsga-ii,” IEEE Transactions on Evolutionary Computation, vol. 6,
pp. 182–197, 2002.

2


