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Bio-Electrochemical Systems to separate the 
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The first eCTR to characterize precisely the 
shear stress effect on electroactive biofilms

Figure 4 : Taylor-Couette reactor 
adapted to electroactive biofilm 

analysis

Advantages :
➢ Decoupling shear 

stress and other 
parameters (input 
flow rate or 
imposed voltage)

➢ Big size electrodes 
(20 cm²)

➢ Hydrodynamics 
perfectly identical 
for the 20 
electrodes
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Initiating the development of an electroactive 
biofilm under controlled low hydrodynamic

Reminder of the limiting parameters:
❑ Cathode size
❑ Substrate concentration
❑ Biofilm catalysis

Operating conditions solutions:
✓ Studying different imposed voltage
✓ Real greywater supplemented with acetate
? Electrochemical (CA+CV) and biological (sequencing) analysis 

< 0mV
< -150mV
< -300mV
< +150mV

vs SCE

Days

Triplicate (except +150mV):
j : 0mV ≈ -150mV > -300mV > +150mV
Biofilm aging and activity loss (between day 10 and 85) :
jloss : 55% < 60% < 65% < 80%

Figure 5 : Catalytic effect of the biofilm developed under 5 RPM from greywater
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-300mV = -150mV = 0mV > +150mV

Converge ≈0

←Growth vs mature→
↘ jmax :

-60% / -50% / -50% / -65%
↗ Diffusion limitation 
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Electrochemical analysis summary

Bio-electrochemical COD removal (Chronoamperometry):

-300mV 0mV 
Stability (jloss)

Efficiency (j)

Biological catalysis (Cyclic Voltammetry):

-300mV 0mV 
Efficiency(jmax)

Stability



Microbial communities in the biofilm
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Geobacter, the electroactive bacterium
Day13 Day62

gD
N

A
cD

N
A

In the most electroactive 
conditions:

-300mV / -150mV / 0mV
(↗: 20 -> 25%)

❑ Presence ++ 
❑ Activity – (10% -> 9%)



Hypothesis for Trichloromonas
Day13 Day62

gD
N

A
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N
A

Mainly represented in 
mature biofilms +150mV

❑ Electrochemical activity 
--

❑ N2 fixation / 
cooperation ? 



Hypothesis for Arcobacter
Day13 Day62

gD
N

A
cD

N
A

❑ Mainly represented 
during growth phase
❑ Then tends to be 

negligible
❑ Within all the biofilms

❑ Most important 
proportion

❑ Initial  role in the 
biofilm adhesion?



Hypothesis for Desulfobacter
Day13 Day62

gD
N

A
cD

N
A

❑ Only present in mature 
biofilm

❑ For all imposed voltage

❑ Activity +++ in 
comparison to small 

presence
❑ Competition with 

Geobacter / Indicator 
for biofilm aging?



Take home message

✓ Development of a Taylor Couette electrochemical reactor validated for electro-active biofilm studies

✓ 3 fist months of operation showing biofilm aging

✓ Allow to characterize electrochemically and biologically the aging 
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Perspectives
• Using the reactor to increase the shear stress:

❑ Best accessibility to substrate?

❑ Detachment of Desulfobacter?

❑ More long term effect to investigate

• Other shear rates for biofilm growth:

❑ Changes in microbial communities?

❑ Best efficiency or best resilience?

Control Tool

Development 
Parameter
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