* Enzymes

* Micro-organisms

» Versus chemical or physical-chemical processes:

Generally less adapted to large scale (higher cost and less stable),
lower concentrations of products (in aqueous media),

more specific and selective, milder conditions, complex
transformations
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Background/Vision WP 3 activities (2)
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Objectives

¢ lIdentification of suitable biochemical conversion routes according to
fractions available from WP1
final usages of the products

¢ Collection of required data for WPs 5, 6 and 7

e Best utilisation of various fractions (hemicellulose and lignin)

From microbiology
:> to fermentation ...

<——

to separation




Background/Vision WP 3 activities (5)

Main partners

IFP: Scientific Research and industrial development center - 1700
persons — Fuel and energy — Dvt of chemical and biotechnological
processes .

VTT: VTT Biotechnology (240 person-years) has broad experience in
biotechnological research; especially in enzymology of lignocellulosic
materials, metabolic engineering and fermentation technology.

GIG: Glowny Instytut Gornictwa (Central Mining Institute). Excellence
in separation processes and units for biological conversion of
biomass.

A&F: WUR Agrotechnology and Food Innovations BV. Excellence in
separation, microbiology and fermentation.

Background/Vision WP 3 activities (6)

Main tasks

3.1 Acetone-butanol fermentation (ABE). IFP-A&F

3.2 Sugar conversion to platform chemicals. VTT

3.3 Production of functional lignin derivatives. VTT

3.4 Membrane separation based Multiphase Rotating Contactors
(MRCs). GIG

3.5 Review of experimental lab and bench-scale data generated by
the different project partners as input for both the conceptual design

of the Abengoa demo-plant (WP5) and the integral chain analysis
and optimisation activities (WP6). All




3.1 Acetone-butanol fermentation (ABE).  IFP-A&F

3.2 Sugar conversion to platform chemicals. VTT
3.3 Production of functional lignin derivatives. VTT

3.4 Membrane separation based Multiphase Rotating Contactors
(MRCs). GIG

Background

¢ Microbiology
¢ Fermentation

e Large-scale production (from lignocellulose)




Microbiology

e Clostridium acetobutylicum, beijerinckii, ...
e Anaerobic bacteria
¢ Solventogenesis coupled to sporulation

¢ Genome sequences available

Fermentation

« Two-phases (acidogenesis-solventogenesis)

e Shift to solventogenesis related to pH

e Canuse C5 and C6 sugars

¢ Toxicity of products limits solvent levels

From Diirre et al.




WP3: Acetone-butanol fermentation (ABE) (4)

Large scale production ( e.g. from lignocellulose)

feedstock feeding

steam explosion

fermentation

WP3: Acetone-butanol fermentation (ABE) (5)

Large scale production ( e.g. from lignocellulose)

Products

Final concentration

Acetone (g.I')

Butanol (g.I')

Ethanol (g.I')

ABE (g.I')

Acetate (g.I'})

Butyrate (g.I'?)

Gases (CO, + H,) (I.I'Y)
Sugars consumed (g.I't)
Residual pentoses (g.I'%)

7.8
12.4
0.3
20.5
1.2
0.8
311
59.0
7.5

ABE from corncobs




WP3: Acetone-butanol fermentation (ABE) (6)

Biosynergy Work programme

* Production of ABE on hemicellulosic hydrolyzates (IFP
Screening of strains
Lab-scale fermentation
Definition of conditions for scaling-up

* Production of ABE on DDGS (A&F)

» Separation of products (A&F, GIG)

ABE (7) - screening of strains on glucose

Strain Glucose consumed | Solvents (g/L) Acids (g/L)
(g/L)
DSMZ 1737 63 18 7.5
DSMZ 6422 59 17.5 6.0
DSMZ 4685 62 16 5.0
IFP903 53 155 6.0
DSMZ 1738 60 155 5.5
DSMZ 923 41 15 2.5
DSMZ 6228 57 14.5 5.5
IFP904 40 10.5 4.5
DSMZ 1732 48 7.5 8.5
DSMZ 1731 26 7.0 9.0
DSMZ 792 47 7.0 7.5
DSMZ 1733 35 4.0 7.0
DSMZ6423 16 0.4 3.0
IFP M410C 34 0.3 13.0
IFP T'110A 34 0.2 12.0
DSMZ1739 20 0.1 5.5




DSMZ 6422 51 15.7 3.7
DSMZ 6228 49,1 14,7 2,7
DSMZ 1732 51,9 14,5 3,6
DSMZ 1731 47 14,1 4,8

IFP 903 45 135 35
DSMZ 1738 24 3,8 8,2
DSMZ 1737 26,4 3,8 7,6
DSMZ 1733 30 2,7 8,5
DSMZ 4685 35 2.6 6.5

IFP 904 9 11 2.5
DSMZ 6423 7 0.3 2.4
CaCO3:2g/L

Culture conditions :

60 g.L ! glucose

C. tyrobutyricum IFP 923
CaCO,5g.L*?

working volume: 4L




ABE 10) — Production on hydrolyzate 1

Lignocellulosic hydrolysate

(IEP ref: 1019)

¢ Concentrated wash water from steam-
exploded wheat straw

¢ Pretreatment conditions: 18.5 bars for
2 min (after soaking in 0.04 M H,SO,).

Cellobiose:

Glucose
Xylose

Galactose:
Arabinose:

Mannose :

Acetate
5-HMF
Furfural

Composition :

1.2 g/L
6.5 g/lL

: 43.59/L

5.5 g/L
5.5 g/L
0.7 g/L
0.6 g/L
132 mg/L
4 mg/L

» A preculture was performed in a fermentor (4-L of culture medium) on
glucose with C. acetobutylicum NCIB 8052 (DSMZ 1732)

e The culture on hydrolysate rapidly stopped (probably because of the

inhibitors in the hydrolysate).

ABE (11) — Effect of lignocellulose degradation products

Compound added ( at 1 g/L)

Relative production

5-hydroxymethylfurfural 0.04
Furfural 0.18
Catechol 0.48
p-hydroxybenzoic acid 0.05
Vanilline 0.20
Syringic acid 0.10

Coumaric acid

Growth inhibition

ferulic acid

0.04

Strain used: DSMZ 6228 ; substrate: xylose at 60 g/L
ABE production with no added compound : 14.7 g/L

ch,o:Q/VKOH
HO




ABE (12) — Production on hydrolyzate 2 (a)

Fermentation using lime-pretreated H1121 added at various
concentrations to a synthetic medium and using various strains

14,00

12,00

10,00

L
=)
=3

6,00

Solvent (g/l)

Solvent production

8 EtOH
B. Acetone
0 BuOH
n O total solvents M
0% | 20% | 40% | 60% | 80% |100%| 0% | 20% | 40% | 60% | 80% |100%| 0% | 20% | 40% | 60% | 80% |100%
ATCC 39057 DSMZ 1732 NCIB 8052

ABE (13) — Production on hydrolyzate 2 (b)

C. beijerinckii NCIB 8052

pH or gas produced (L)

<.
>
-'-,
g
i

——Volume (LIL) = FlowratemLimin] —— pH

[+ Residual Giucose (g/1) ——Residual Xylose (g/L) —— Total salvnts (g/L) —=— Totalacids (g/L)|

45 '—I—.»,,,,,,,%

20 30 40

=l 0 10
I Time )
Culture time | Total acids Total Total sugars Yabe/sugars | solvent productivity
) /L) solvents | consumed (9/9) glLh
(9/t) (g/L)
70.00 3.2 17.5 50 0.35 0.25
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» Pervaporation (A&F)
Principle

Several membranes have been evaluated on synthetic media
@37 10-15x concentration, ABE flux 0.2 I/m 2.h

5 PV membranes have been selected for tests using ABE from wheat straw
hemicellulose broths

Coupling with fermentation is planned

» Rotating disc contactors (GIG)
Principle

Mixtures of ABE

Mass transfer for water solutions of single components (isothermal
conditions)

Mass transfer with reconstructed fermentation fluids : planned

12



* Fermentation on wheat straw hydrolyzates
Continuous fermentation
Scaling-up
Cost estimation
e Fermentation on DDGS
» Separation
Use of real fermentation broths
Cost evaluation

3.1 Acetone-butanol fermentation (ABE). IFP-A&F

3.2 Production of sugar platforms. VTT

3.3 Production of functional lignin derivatives. VTT

3.4 Membrane separation based Multiphase Rotating Contactors
(MRCs). GIG
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WP3: Functional lignin derivatives (1)

» Procedure for production of lignin nanopatrticles

Lignin nanoparticles have been prepared on a lab scale and
characterised by microscopic analyses

* Enzymatic lignin modification by laccases
Trametes hirsuta laccase

110

Laccase addition

Reactivity of Biosynergy lignins

Relative oxygen consentration

0 50 100 150 200 250 300 350
Time (min)

ThL-treated lignins: Poplar @
Straw @

WP3: Functional lignin derivatives (2)

Modified lignin polymers have been prepared on lab-scale using laccase and
they have been characterised by chemical and spectroscopic methods

Column: Toyopearl HW-55F 500 A (A&F) So“d
ElE
el 3 |3
SEC of a model lignin £ |¢
g3
g <
. § 48 Column:
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T
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Control lignin Timelmin
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c 2 1 i
5 |4 Liquid
§ Column:
3 4 6 8 10 12 14 WHydrogel 2000 + 250 + 120 A
< Time/min

30 32 34 36 38 40 42 44 46 48 50
Time/min

Mattinen et al. (2008) "Polymerization of different lignins by laccase" BioRes. 3(2), 549-565




WP3: Functional lignin derivatives (3)

Lignan-FA coupling detected by MALDI-TOF/MS : Model experiments
suggest that lignin modification via laccase-catalysed coupling with
small molecular aromatics should be possible
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MALDI-TOF mass spectra of the polymerisation produc ts of pure SECO (left) and SECO + FA
(right)
Mattinen et al. (2009) "Lignan polymerization by laccase" BioRes. 4(2), 482-496

Thank you

DGGS
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