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Microalgae production, recognized for its applications within the blue economy, currently 
occupies a small niche in the global market. One of the primary constraint in expanding 
microalgae production lies in the complexity of scaling up cultivation facilities to meet 
industrial demands. This includes challenges from the inoculation of the cultivation system to 
the maintenance of a stable culture until the extraction and purification of bioproducts. There 
are various cultivation systems available for microalgae production, from open ponds to 
closed photobioreactors, both characterized by low productivity and high water and energy 
demand.  
 
Biofilm-based cultivation systems have emerged lately, in response to those drawbacks, 
presenting a more efficient solution with higher productivity, simplified harvesting processes, 
and improved light availability. Various algal biofilm cultivation strategies are in place, 
including submerged, intermittently submerged, and perfused systems. Among them, one can 
highlight the rotating systems which are easily up-scaled and are now mainly used for 
wastewater treatment (Figure 1).  
 
Recently, astaxanthin production using this kind of technology has been demonstrated in our 
laboratory (Morgado et al., 2023), with productivities comparable to those of other biofilm-
based systems, even without targeted system optimisation (Shah et al. 2016; Patel et al., 2022; 
Kiperstok et al. 2017). In this context, modeling approaches are powerful tools to predict and 
optimize productivities in microalgae production systems (Polizzi et al., 2022; Gao et al., 2023). 
 
The objective of this thesis is to develop a spatial-temporal model for the production of a 
high-value compound (astaxanthin) using H. pluvialis biofilms. The model is intended to 
simulate and optimize the production of astaxanthin in a rotating biofilm-based system. 
Experiments will be also performed to determine the model parameters and to validate the 
predictions.  
The hired PhD student will work in the context of a national project (ANR PEPR Galaxy). 
 
A biological model describing microalgae behaviour, including growth and response to stress, 
will be combined to a biofilm spatial model. The main metabolic pathways will be formulated 
and solved at the cell level (La et al. 2020, González-Hernández et al. 2022). Physical 
mechanisms at biofilm scale will be considered to obtain the fields of growth conditions (light 
attenuation, diffusion-reaction of substrates, CO2 and O2, spatial constraints). The biological 
model (micro-scale) will be implemented as a discrete model (cellular automata or multiagent 
model) while the physical aspects will be treated by a continuous formulation. These two 
models will interact in a two-way coupling. A 2D approach is proposed as starting point (one 
dimension along the film thickness and one dimension to deal with the film roughness and 
detachment). It might be extended to 3D in the course of doctoral work. 
 
Experiments will be also carried out to characterize biofilms dynamics (structure and activity 
through photosynthesis and respiration) in order to better understand biofilm formation 
mechanisms (from adhesion to detachment), to obtain input data for the multi-scale model 



and global indicators to validate the model predictions (Fanesi et al., 2022; Fanesi et al., 2021; 
Li et al., 2023).  
 
At the end, the coupled model will be used to simulate the process to predict biomass and 
astaxanthin productivity as a function of operating parameters (including light intensity, …) 
(Angeles-Martinez & Hatzimanikatis, 2021; Cole et al., 2015; Polizzi et al., 2022; Warren et al., 
2019).  
 
This project will be carried out at CentraleSupélec/University Paris-Saclay in the Laboratory 

of Chemical Engineering and Materials (LGPM; Bioprocess team Gif-sur-Yvette and Chaire de 

Biotechnologie Pomacle). 

Required skills: physical/biological formulation, computer programming with experience or 

motivation for microbial culture) 

PhD: starting in the beginning of 2024. 

PhD supervision: Prof. Filipa Lopes; Co-supervision: Prof. Patrick Perré 

Contact: Filipa Lopes (filipa.lopes@centralesupelec.fr) for further information.  

How to apply? Please send a CV and a cover letter to Filipa Lopes using the above mentioned 

contact information.  

 

  

Figure 1 – Astaxanthin production (in red) in open-ponds (Figure on the left). Rotating biofilm-

based systems (Figure on the right), (Gross et al., 2015; Bernstein et al., 2014)  

 

 

 

Figure 2 – a) Biofilm development on a solid support (Flemming and Wingender, 2010) - 

General processes governing biofilm development including cell adhesion, cell growth and 

polymers excretion on the surface; b) structure of biofilm given by confocal microscopy 

(microalgae in red, bacteria/polymers in green)  
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