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for methane?

Bert Hamelers and Kirsten Steinbusch
Sub-department of Environmental Technology, Wageningen University

IWA Water & Energy, 29" October 2009, Copenhagen
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Key characteristics of energy group

What

Innovative processes
Electricity & Fuels

O
Biological conversions

Mixed microbial cultures
Natural selection

With:
Acetate = key molecule
Organic residues
Salt gradients
Sun
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I ecule hiological bi

Food.water.land

sugar loethanol (others)
biomass

\ acetate — methane
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How to deal with?

Amylopectin

Pathogen
Prote|n Eptide
0 R, H H ]
+HaN 3 M
%NA( VI\OH
R H H 0 R H

Cellulose
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Fat

Starch

Protein
14%

Fat Misc
3% %

Starch
5%

(Hemi-)
Cellulose
52%

NH,

Lignin
19%

Ten Brummeler, 1993
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Q ‘ Biofuel or electricitu

Fermentation

Wikipedia, 2009
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Acetate as key molecule

— bio-electricity
acetate > bio-H,
—> bio-ethanol
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Acetate to ethanaol

Fermentation
In: acetate, propionate or butyrate

Reaction: C , and e-donor H , or electricity

Out: ethanol, propanol or butanol

CH,COO™ +H* +2H, “CH,CH,OH +H,0
Go=- 9,6kJ*

*at standard conditions

WAGENINGEN UNIVERSITY
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Delta G (kJ/mol)

50

25

—— 10 bar
— 1 bar

— - 0.1 bar
----- 0.01 bat




Mixed cultures selectian

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

H,
Inocula Alcohol
Soll -
Anaerobic sludge C2-C5 Alcohol
Silage Ethanol

_ Inoculate
(Unpublished results)

Further research with granular sludge
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__Alcohal production: results |

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

Microbial fuel cell Slectrons”

| T ]
— CO, ! oxygen +—

:

|

|

H+—:—>

:

|

|

|

|

— acetate  /* | water
bacteria I
anode ' cathode
membrane
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oloqical st Fl ot

BULK MO Electrode
CH,COOH+2H,0 2CO,+8H" +8e

WAGENINGEN UNIVERSITY
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_ Cathode Key to Improvement

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

Bioelectrolysis system

Power
supply

<0.5V

A 4

I~ ¥

electrons

— CO,

— acetate

H*——

=

bacteria 1

anode ! cath

\.

ode
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__Proof of Principle -Experimental Setup
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Environmental Technology

LWAGENINGEN UNIVERSITY Rozendal et al., ES&T, 20968



_ From Bioanode to Biocathode

Naturally selected biofilm using the reversibility of hydrogenases

H, H,
H* H

Bio-anode Biocathode

WAGENINGEN UNIVERSITY
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Acetate to ethanol in a BES

Power| =055V
supply

Combing acetate reduction
with bioelectrolysis in a BES  |lelectrons’

<— CO, ! Ethanol —
: /
1
1
1
1
1
1
1
Hed \
1
— acetate L L acetate
bacteria 1
anode ! cathode
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Ethanol production at the cathode

power sludge MV
5 - supply added added

24 b
= 3 |—#— Ethanol
T 2 —-=C3

21 nca w
<E07 - — T

r
I ——
T L e e —————

0 2 4 8 10
Time (day?
power  sludge MV
10 supply added added
8 -
< 6 - —k—H2
e =02
54 CH4
27 —A-CO2
0 T - 1
0 2 10

4 6
Time (day)

Mixed culture sludge

Mediated hydrogen and
ethanol production

Acetate reduction with

hydrogen or MV as e-
donor

Steinbusch et al., ES&T submitted
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Conclusian

Biogas is a good technology,
AND there is more to explore...
AND more value to add
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