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The current challenges on energy transition and global warming policies promote the 
development of sustainable energy technologies around the world. In this way the production 

of biofuels via anaerobic decomposition of organic waste has been gained more attention due to 
its high potential as sustainable energy processes. Hydrogen has high energy content and can 
be produced from renewable sources. However, the renewable hydrogen production processes 
via dark fermentation or photofermentation offer low efficiency to successful industrial-level 
applications. In this framework the application of microbial electrochemical technologies to 
conventional anaerobic digestion (AD) can accelerate notably the degradation of organic matter 
altering the microbial community in order to improve the hydrogen production rate and the global 
stability of the process. In this paper we design an extremum-seeking control (ESC) scheme in 
order to optimize the performance of a microbial electrolysis cell (MEC) for biohydrogen production 
from organic waste. By considering a simplified mathematical model for a MEC system the 
optimal applied voltage is analyzed taking into account the energy generated by the hydrogen 
production and the energy supplied to the cell by the electrical current. Since the optimal applied 
voltage depends of the MEC’s operating conditions (temperature, feedstock composition, pH and 
the hydrogen partial pressures) a perturbation-based ESC scheme is designed to reach the real-
time optimization of the bioelectrochemical system. For the ESC design, the applied voltage is 
considered as the control action and the net energy produced is the maximized output. Numerical 
simulations show that the ESC control scheme is able to drives the bio-electrochemical process 
to its optimal operating conditions where the total energy is maximized. 
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