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Key characteristics of energy group 
� What

� Innovative processes
� Electricity & Fuels

� How
� Biological conversions
� Mixed microbial cultures

� Natural selection 

� With:
� Acetate = key molecule

� Organic residues
� Salt gradients

� Sun
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sugar

biomass

acetate

bioethanol (others)

methane

Acetate key molecule biological bioenergy

Food.water.land
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How to deal with? 
Starch

Amylopectin

Cellulose

NH4

Lignin
19%

Starch
5%

Protein
14%

Fat
3%

Misc
7%

(Hemi-)
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52%

Ten Brummeler, 1993
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Anaerobic digestion and alternatives

Wikipedia, 2009

Biofuel or electricity

Fermentation
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Acetate as key molecule 

acetate

bio-electricity

bio-H 2

bio-ethanol



8
Environmental Technology

Acetate to ethanol
� Fermentation

� In: acetate, propionate or butyrate 
� Reaction: C 2 and e-donor H 2 or electricity

� Out: ethanol, propanol or butanol
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Mixed cultures selection

� Alcohol production with different inocula
� C2-C5 VFA’s with hydrogen as electron donor

� Further research with granular sludge

EthanolSilage

C2-C5 AlcoholAnaerobic sludge

-Soil

AlcoholInocula
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(Unpublished results)

VFA

H2

Inoculate
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Alcohol production: results I

Tested each VFA separately
� Acetate to 0.17 g/l ethanol
� Propionate to 0.52 g/l

propanol
� Butyrate to 0.31 g/l butanol

� methane formation < 
alcohol yield 0.47-0.55

Steinbusch et al., Water research, 2008
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Acetate to electricity

electrons

acetate

CO2

bacteria
water

oxygen

anode cathode

H+

membrane

Microbial fuel cell
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MO ElectrodeBULK
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Xox

Xred

EE e

CH3COOH + 2 H2O ��� � 2 CO2 + 8 H+ + 8 e-

Biological anodes: Electron production



13
Environmental Technology

Cathode Key to Improvement

Ter Heijne et al., ES&T, 2006
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Acetate to hydrogen

electrons

acetate

CO2

bacteria
H+

H2

anode cathode

H+

Power
supply

<0.5 V

Bioelectrolysis system
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Proof of Principle -Experimental Setup
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Experimental Proof

Electrolysis

Rozendal et al., ES&T, 2008
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From Bioanode to Biocathode

Naturally selected biofilm using the reversibility of hydrogenases

H2

H+

e- e-

Bio-anode

H2

H+

e-
e-

Biocathode
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Bio-cathode 
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Acetate to ethanol in a BES

electrons

acetate

CO2

bacteria

Ethanol

anode cathode

H+

Power
supply

=0.55 V

acetate

Combing acetate reduction
with bioelectrolysis in a BES
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Ethanol production at the cathode

� Mixed culture sludge
� Mediated hydrogen and 

ethanol production
� Acetate reduction with  

hydrogen or MV as e-
donor
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Conclusion

Biogas is a good technology,
AND there is more to explore…

AND more value to add


