
  

  

Characterization of Capacitive Materials 
for their Application in Bio-Anodes 

Researcher 

Leire Caizán Juanarena 

Supervisor 

Dr. ir. Annemiek ter Heijne 

 

 

Promotor 

Prof. dr. ir. Cees Buisman 

 

 

Nov 2014 - 2018 

CV Researcher; 

Graduated;  

 

Hobbies;  

e-mail; 

tel; 

website; 

 

Leire Caizán Juanarena 

Wageningen University, Biosystems Engineering (2014)  

 

Travelling, Music (listening/playing) 

leire.caizan@wur.nl 

0317-482020 

www.ete.wur.nl (Research placed at Wageningen UR) 

 

 

Motivation 

 

The depletion of fossil fuels, the increased 
environmental concerns and the rising of world 
energy consumption has led to the need of 
alternative energy sources that are clean and 
renewable. Microbial Fuel Cell (MFC) is a CO2 
neutral, sustainable and efficient technology to 
recover electricity from organics in wastewater. 
Classical MFCs have limitations like energy losses in 
the anode/cathode or high material costs that can be 
overcome with capacitive MFCs, which use 
capacitive materials like activated carbon granules 
where the biofilm can attach.  

Principle of Capacitive MFC 
Activated carbon (AC) granules have a conductive 
surface with many pores that provides large surface 
area for the growth of biofilms(see figure below). 
These electrochemically active microorganisms will 
extract electrons from wastewater and store them 
within the capacitive granules. At the same time, 
protons and other cations present in the wastewater 
will be attracted towards the granule and form an 
electrical double layer to maintain electroneutrality.  

Fig.1: Conversion of acetate by microorganisms in AC granules 
and storage of released electrons. On top, set-up of a single-
granule test cell.  

Technological challenge  
The present study aims to develop and study a MFC 
by combining an electro-active biofilm with 
capacitive, activated carbon granules. The two key 
objectives are:   

 To develop a single-granule test cell and a 
measurement strategy in order to study charge-
discharge behavior and quantify charge storage 
by electro-active biofilms on a single capacitive 
granule under well controlled conditions. 
Factors such as pH, buffer concentration, flow 
rates or acetate concentration will be studied for 
their effect in charge storage of granules.  

 To conceptually understand the biological 
charging and discharging through the 
development of a mathematical model that 
integrates bioelectrochemical and capacitive 
charging models. This model, together with the 
experimental data, will help in the 
understanding of the basic processes that 
determine charge storage.  

Fig. 2: Left-Charge over time of an AC granule at 0.1V, 0.5V and 
0.9V in 0.1M salt solution. Right-Charge at different potentials 
leads to the calculation of charge storage/ capacitance.  
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