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Binderless technology - background

® Conversion of lignocellulosic biomass
into high-quality thermoset material

® Using intrinsic functionalities of
biopolymers present

® No additives - only heat and
pressure - binderless

® Valorization of available side-streams
into biobased materials with superior
properties compared to current
fossil-based products
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Binderless technology - process
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Binderless research - recent findings

" Product characterization
" Process control and optimization
" Feedstock challenges and opportunities

" Unravelling biopolymer reaction mechanisms

"M Rijkswaterstaat
&8 Ministerie van Infrastructuur en Waterstaat

ENKEVY CBPM Sustainable Binderless

Engineered for sustainability

o ... Product Technology
NEXTEVC TKI-LWV 19154

((ié” Natuurmonumenten 2019-2022
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Binderless boards - visualization

Coconut husk
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Binderless boards - visualization

Softwood prunings Hardwood prunings
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High density boards independent of feedstock used
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Evaluation of mechanical properties
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Evaluation of water resistance
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Understanding binderless boards at the molecular level

® Mechanistic insight into biomass conversion and underlying reactions
® Process optimization
e Predicting feedstock suitability

e Structure-function relationships - steer final material properties

Accurate analysis of the molecules involved
e Content

e Structural features

WAGENINGEN

EEEEEEEEEEEEEEEEEEE

10



Plant biomass structure

non-woods

L Lumen

— Secondary cell wall

— Primary cell wall
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Hemicellulose

Chemical fine structure feedstock dependent - reactions during
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Chemical composition of feedstocks used

Content (% w/w) Hemicellulose molar composition (mol %)
Feedstock Cellulose Hemicellulose Lignin Feedstock Arabinosyl Xylosyl Mannosyl Galactosyl Glucuronyl
Coconut husk 24.0 16.4 32.2 Coconut husk 16.4 57.2 2.1 7.0 17.3
Softwood prunings 23.6 12.0 32.8 Softwood prunings 6.9 25.5 32.0 12.0 23.6
Hardwood prunings 18.4 19.1 28.1 Hardwood prunings 6.5 50.6 2.9 2.9 37.0

" Differences in chemical composition

B Differences in fine chemical structure
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Mapping biopolymer reactions: proof-of-principle

" Planetary ball milling = ultra-fine sample - 2D NMR analysis in the gel-state

® Feedstock input vs board output
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Conclusions

® Binderless technology can be extended to locally sourced, low-value side-streams,
yielding 100% biobased products with high-quality attributes and added value

e Softwood and hardwood prunings of particular interest

® Detailed characterization allows mechanistic insight into reactions of biopolymers
during binderless board production

e Hemicellulose and lignin are responsible for in situ binder formation
® New routes and avenues opened to innovate and expand the technology

e Extrapolation of insights to steer process and final material properties
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Inspiration
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Outlook

® Further development technology based on novel insights

e Using a wide variety of (local) side streams and smart side stream mixtures

e Converging different feedstocks into one product and diverging one feedstock into different products

e Targeting relevant demonstration products

e Focus on development of a techno-economically viable process demonstrated at pilot-scale

® New project: More with Binderless

e Dutch “Topsector Kennis en Innovatie (TKI)” innovation agenda and subsidy tender

e Consortium of knowledge institute WFBR and industrial partners
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Call for partners — More with Binderless

" We are looking for industrial partners
e To share their challenges, want and needs...

e ... actively participate in this project and exploit the generated results.

® Value chain approach

e Feedstock suppliers

° Create added value using lignocellulose- and hemicellulose-containing side streams
° Wood (processing) leftovers, nut shells, reed, miscanthus, roadside vegetation, coconut husk, molasses, ...

e Technology providers

e Create added value for their technological (processing) solutions
° Compression molding equipment, extrusion molding equipment, ...

® Product manufacturers and wholesalers

° Create added value for their product portfolio

° Interior materials, construction materials, furniture, packaging, horticultural products, complex 3D-shapes, ...
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Thank you for your
attention!

Any questions?

Edwin Keijsers, Jeroen van Bon, Arnoud
Togtema, Jacqueline Donkers, Martien van
den Oever, Jacinta van der Putten, Alniek van
Zeeland, Guus Frissen, Richard op den Kamp,
Edwin Hamoen, Arjen van Kampen, Richard
Gosselink

gijs.vanerven@wur.nl
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