Non thermal hydrogen production from biomass
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A&F Business Unit Biobased Products
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History of biohydrogen research at A&F
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Biomass to energy conversion technologies

water content
15%

major products:

burning
(850 - 1200 °C)

heat (electricity)

pyrolysis — Oil, gases, tar

(500 - 700°C)

syngas: CO, CH,, H,, lower alka(e)nes
tar

gasification
(650 - 1200°C)

—

hydrothermolysis |——= bio-crude, tar

(250 - 600°C)

: SWG ) — CH,, CO, CO, , lower alka(e)nes, H,
<600°C
— dCetone, butanol and ethanol
ethanol
CH,
> H2

fermentation

> 85% (20- 80°C)
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The theory of the hydrogen bioprocess

CeH.,05 + 6 H,O0 —6CO, + 12 H, AG, = +3kJ

CeH,05+ 2H,0 — 2CO, + 2CH,COOH + 4H, AG/
(hyper)thermophilic bacteria

CH;COOH +2H,0 — 2CO,+ 4H,
photosynthetic bacteria
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Unique selling points at A&F

Thermophilic fermentation (70 - 80 °C):

*High yield on various saccharides: +3.2 mol H,

*High selection pressure
Temperature
eLow hydraulic retention time

*Neutral to acidic pH
eSanitation

Coupling of thermophilic and phototrophic
fermentation:

*High efficiency: +8 mol H,,
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Partners in FP6-SES: HYVOLUTION

South Africa
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HYVOLUTION:
Non-thermal production
of pure hydrogen from
biomass

» 22 partners from 13
countries

e January 2006 —
January 2011

« 14 M€ budget

«10 M € EU grant




HYVOLUTION: the whole chain!

WP 5 System integration |  Simulaton | | Exergy analyses |
/ Development
WP 1 WP 2 WP 3 WP 4 Of a 2-stage
Biomass Thermophilic Photo- Gas bloprocess
fermentation fermentation upgrading -
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WP 1 BIOMASS

« Data collection on Yield potential
suitability/availability
* Field experiments with new

biomass

e Pretreatment

: MOde”mg of . Coproduct Mobilisation
biomass potential value & yield efficiency

Construction of combined
cost-suitability maps

Sugarbeet pulp
Carrot press cake

Potato steam peels

Fermentability

Wheat middlings
Spent brewers grain Technical suitability map (preliminary)
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WP 2 THERMOPHILIC FERMENTATION

» Cellulose degrading thermophiles

* New hydrogen thermophiles, pH,
effects

 Genome of C. saccharolyticus,
metabolic pathways on various
sugars

* Fermentation of mixtures of (poly)
saccharides in CSTR bioreactors

e Construction of bioreactors

>75% conversion efficiency Fixed bed bioreactor at Profactor
achieved at 15 mmol/L.h
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WP 3 PHOTOFERMENTATION

e Conversion efficiencies on
acetate/lactate for R.
capsulatus

« Development of genetic tools

e Phototrophic H, production
from (thermophilic) effluents

e Construction of
photobioreactors

75% conversion efficiency

achieved at 0.7 mmol/L.h eﬂllfﬁfﬁ;nil:;im Mmﬂ“
+ Fe(I}citrate + Fe(lllcitrate

Growth of R.capsulatus on effluent from Miscanthus
hydrolysate fermentation (86 % H,, 14% CO,) at RWTH
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WP 3 PHOTOFERMENT%N
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Greenhouse at Technogrow

 PE, glass, EFTE....
Evaluation of energy costs of production
Ease of use
Reactor area
Ground area
Reactor volume
Operation mode




WP 4 GAS UPGRADING

« Upgrading/storage options for
HYVOLUTION H,

« Devices for monitoring (H,
dilution device)

e CO, removal with membrane
contactor prototype

e Implementation using MEA or
K,CO,

e Determination of 30% CO,
tolerance of fuel cell

Prototype gas-sensor at AWITE
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A&F: Biomass

Sorghum bicolor
photo by Robert Kowal
Untiversity of Wisconsin

Carrot press cake

b VR

Sorghum bicolor

Potato steam peels

Paper sludge
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Thermophilic
fermentation




Caldicellulosiruptor

saccharolyticus N e O
1P
30 mL suspension | !

to 400 L trickle bed
cultures with 66% H,
In dry gas

(A&F and TNO
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Thermophilic H, production from biomass

o 120

=

o 80
0

H, production by Caldicellulosiruptor saccharolyticus

PS PSP

and Thermotoga elfii [ on

enriched sweet sorghum juice (S) or hydrolysates of Miscanthus (M), paper sludge (ps)

and potato steam peels (psp)
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Thermophilic fermentation of Miscanthus

Sugar utilisation and hydrogen production by Caldicellulosiruptor
saccharolyticus on enriched hydrolysate of Miscanthus.

6 -
S
=
40 Glucose =
2
20 Xylose &5
O
0 00— o5
0 25 50 75
Time (h)
Pure sugars | Miscanthus
End of fermentation (h) 34 69
Total H, production (L/L) 5.7 7.2
Max. volumetric H, production (mL/L.h) 290 233
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Thermophilic fermentation of carrot press cake

2 Sugar-rich feedstock with some cellulose.

& Enzymatic treatment with cellulase and R-
glucosidase. Carrot press cake was provided by
" Provalor B.V., NL
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. | _.
Batch cultures of C. saccharolyticus (70 °C, left) and Cumulative hydrogen production and volumetric
T. neapolitana (80 °C, right) on carrot press cake at hydrogen production by C. saccharolyticus during
10 (left) and 20 (right) g sugar/L. growth on hydrolysate of carrot press cake.
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Hydrogen production from bioresidues in CSTR

Sugar to H, conversion efficiency

Yi,
(mol/mol C6-eq)

C. saccharolyticus | T. neapolitana

Batch cultures

10 g sugars/L

Potato steam peels (glucose) 3.1 2.9
Potato steam peels (oligo) 2.6 2.9
Carrot press cake 2.5 2.6
Miscanthus 3.1 2.7

Note: at higher sugar concentrations a decrease in yield is observed
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Conclusion: Hydrogen is the future bio-fuel

—  www.biohydrogen.nl;
- www.hyvolution.nl
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