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Bio-electrochemical systems [BES] 

From power to value added chemicals 

production from wastewater
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Outline

MFC general

Bio-Electrochemical Systmes

The MFC component of the Neptune project
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How does an MFC work?  
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MFC/BES ïNovel?

Proc. R. Soc. London Ser. B 1911, 84, 260-276.
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Yatala Pilot Plant
Worldôs first MFC pilot plant (a collaboration 

between the (AWMC) our Neptune partner 

LabMet, Ghent University (Belgium)).

1m3 plant, which was started up in Sept 2007.

Results thus far:

* Cell current of 2A (400mV set point voltage) 

* COD removal of 0.2 kgCODm3d-1 as current

* Power densities of 0.5 Wm-2 (membrane 

area) and 8.5 Wm-3 (reactor volume).



Product value per m3 (@ 1000 A/m3)

- Electricity: ~$1/day

- Methane: ~$1/day



Bio-Electrochemical Systems

Wastewater

ñSustainable value 

from wastewaterò



Product value per m3 (@ 1000 A/m3)

- Electricity: ~$1/day

- Methane: ~$1/day

- Hydrogen: ~$5/day

- Hydrogen peroxide: ~$20/day

- Sodium hydroxide: ~$30/day

- Mix NaOH/H2O2 ~$50/day

- 1,3 Propanediol ~$40/day

Excluding electricity costs ($1-3/day)!



Standard Module 
Size ~ 1 m3

$7000-24,000/year 

Module price

$25,000

Caustic soda / Hydrogen peroxide

$1/day 

Electricity Input

Wastewater 
(with reduced organic content)

Wastewater

1-100m3/day

Korneel Rabaey, René Rozendal

Economic Implications
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Sulfide Removal in Electrochemical Cell

H+,Na+

-

ANODE CATHODE

C+

C+

C+

C+

C+

H2S/HS-

e- e
-

Wastewater

Treated water

O2

H2OS0

Paritam Dutta



Continuous sulfide removal from paper mill 

wastewater
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Continuous sulfide removal from paper mill 
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after deposition of sulfurBefore deposition of 
sulfur

Paritam Dutta

after regeneration
Sulfide

/ Poly-

sulfide
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NH4
+

0 COD L-1

26.9 mg NH4-N L-1

1.6 mg NO3-N L-1

pH 7

256.4 mg COD L-1

88.0 mg NH4-N L-1

0 mg NO3-N L-1

pH 7

16.4 mg COD L-1

65.6 mg NH4-N L-1

0 mg NO3-N L-1

pH 6.7

0 COD L-1

6.1 mg NH4-N L-1

55.1 mg NO3-N L-1

pH 6.5

Power 
output

W m-3

C removal

%

N removal

%

COD/N

g g-1

4.4 100 67.4 4.1

Virdis et al. (2008) Water Research

Loop MFC system with external nitrification



Power 
output

W m-3

C removal

%

N removal

%

COD/N

g g-1

1.3 100 94.1 ±
0.9

4.5

0 COD L-1

2.13 mg NH4-N L-1

1.0 mg NO3-N L-1

pH 7.1

239.2 mg COD L-1

53.3 mg NH4-N L-1

0 mg NO3-N L-1

pH 7.1

3.7 mg COD L-1

24.8 mg NH4-N L-1

0 mg NO3-N L-1

pH 6.6

Virdis et al. in preparation

Loop MFC system with in-situ nitrification
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Project Neptune

Focus is on the opportunity to use 

biosolidsas an energy sourceé 

so capture electrons that result from the 

oxidisation of sludge-COD at the anode 

of a BES
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Biosolids: solid byproducts produced by sewage
treatment processes.

A burden for WWTPs: handling and disposing of
biosolidsis a costandcauseslong term GHGemissions
if disposedof in landfills.

We see biosolids as a high volume,
renewablecarbonandenergysource.

Objectives:

1: Quantifyenergy(electricity)generationwhen
runninganMFCon hydrolysedbiosolids.

2: Identify factorslimiting efficiencies.
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Fermenter effluent

acetic acid

propionic acid

iso-butyric acid

butyric acid

iso-valeric acid

valeric acid

hexanoic acid

VFA 
[mg/L]

pH �>
[mS]

Infl. 289 5.52 1.781

Effl. 1072 6.07 1.047

Optimal: one day HRT and control pH [solids contribution minimal]


