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e The valorisation of biomass for the production of transportation fuels and
value added chemicals and materials that could serve a broad spectrum
of industrial sectors in Europe is very promising, ambitious, and yet has
some risk associated.

¢ Radical breakthrough reaction chemistries, new chemo and chemo-
enzymatic catalysis and advanced and integrated process designs and
process technologies need to be validated, developed and commercially
implemented.

¢ The key challenge is to rapidly converge through the most promising
chemical technology and process engineering options in order to obtain
the projected results.

e WP1 and WP2 will provide a well defined portfolio of chemical
intermediates which constitute the building blocks for this WP4. Within
WP4 these biomass-derived intermediates (incl. C5-sugars and lignin)
are chemically converted into value added products, such as the so
called platform chemicals.
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Background - overview of catalysis products
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Main catalysis routes in the BIOSYNERGY project
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WP4: Innovative chemical conversion and synthesis

Objectives

» Definition and technical development of reaction chemistries and
process designs for a well-defined portfolio of value added
products

e Validation of commercial opportunities for the products portfolio in
existing and also new industrial and consumer markets and
applications

Partners of WP 4

=

ECN: Energy research Center of the Netherlands (Project Coordinator)

ARD: Agro Industrie Recherches et Développements (WP Leader, Bio-
Surfactants)

Cepsa: Compania Espanola de Petrolos, S.A. (Conventional Refinery)
Dow Benelux (Bio-Polymer)
Aston University (Lignin Upgrading)

A&F: WUR Agrotechnology and Food Innovations B.V. (Lignin, Building
Blocks and Bio-Polymers)

Bioref : Biorefinery.de GmbH (Building Blocks)

GIG: Glowny Instytut Gornictwa (Separation technologies)
9. JRC: Joint Research Center (Economic assessments)

10. Chimar Hellas S.A. (Bio-Polymer and Materials)

11. TUD: Delft University of Technology (Building Blocks)

12. IFP: Institut Francais du Pétrole (Conventional Refinery)
13. Greencell S.A. (Biomass feedstocks from Biorefineries)
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Production & characterisation platform chemicals

e Products from Lignin, Cellulose and Hemicellulose fractions

» Lignin depolymerisation in supercritical CO2: A&F

e Hydroxymethylfurfural production from glucose dehydration>> high
conversion rates and selectivity Biorefinery.de

* Analysis kinetics furfural synthesis from xylose and modelling furfural
production process: TUDelft
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Marcotullio G., Heidweiller H.J., De Jong W. Reaction kinetic assessment
for selective production of furfural from C-5 sugars contained in biomass.

Paper presented at the 16th European biomass conference and Exhibition
in Valencia, Spain, 2-6 June 2007

Lignin-based product family tree




T. Werpy & G. Petersen, ed. 2004. Top Value Added Chemicals from Biomass.
screening for Potential Candidates from sugars and synthesis gas
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Added value chemicals from platform chemicals

e Synthesis of 2,5-furandicarboxylic acid from HMF: Biorefinery.de / A&F
« Development of technologies for production of Diol-Components
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e Polymerisation trials and application testing in progress

Applications testing and market validations - Chimar

» Successful replacement of phenol at high
levels in thermosetting phenol-
formaldehyde polymers and application of
these polymers as adhesives in wood-
based panel production (lab scale).

» Use of pentoses based surfactants as
additive in wetting agent formulation of
CHIMAR, suitable for paper impregnation
in the wood-based industry




Pentose valorisation as raw material for surfactants - ARD

* Production of pentoside surfactants by a green technology in order to
access the price level of petrol based competitors (1.5 /kg)

* Development of technology to directly convert pentose containing
hydrolyzates to surfactants in high yields: good progress obtained

Origin of raw materials for pentoses surfactants

ARD PHILOSOPHY

Plant oils :
Wheat Bran Rapeseed, Palm,
and Straw Coco, Coprah...
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Surfactant market figures

1994 1995 2000 2005 aagr

Surfactant type (10% t/an) | (10%t/an) | (10°t/an) | (10°t/an) (%)
Anionic 1036 1052 1133 1220 1,5
Non ionic 695 730 933 1177 5,0
Cationic 201 206 233 264 2,5
Amphoteric 57 58 66 75 2,5
TOTAL 1989 2046 2365 2736 2,9

The global surfactant market volume size was about 12
Mill. tons for the year 2003

Market opportunity

Restricted trading of alkyl phenol ethylene oxide in the
European market for health considerations => place for
low cost solutions and polyvalent surfactants (with low
hazard and good environmental profile)

*U. Lehner, Requirements for the Surfactants Indust  ry — The Market Partners’ Point of View, CESIO 2004

Planned scale up of pentoside surfactants - ARD

e Production of pentoside surfactants from C5 hydrolyzates at 100-
1000 kg scale (ARD)




*Choose the best option by literature analysis

*Estimate applicability of innovative membrane reactor
concepts for product recovery

Background Model - Based on Zanfir and Gauvriilidis (2 007) work
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