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Wood products, green resins and chemicals .Y
a new wave of doing things W

8:459:15¢ Arrival
9:159:30 Welcome and keynote Unlocking Biomass through Fast PyrolysiBTG

9:30-10:15 Sustainable Materials for the Modern Construction Sector
W Engineered Wood Panels (Plywood and MDF)FORESA Technologies
W Modified wood products for outdoor applications FORECO and INNORENEW

10:1510:30 Coffee break

10:30-11:00 Innovative green chemicals

W  Innovative green chemicals in polyurethanesAEP Polymers
W  Innovative green chemicalsFuranicderivatives - TFC

11:0011:30 Open discussion and Q&A
End of OHIne event

11:30 Visit to the demo structure and products showcase 2



W NewWave W

Building a sustainable & circular economy through innovative, biobased manufacturing lines

Overall Objective
Transformation of existing fosthsed manufacturing lines into new Hoased manufacturing lines. The fhased

products must exhibit similar, or better, mechanical, physical, and chemical properties compared to the existing

products, and must be netoxic and recyclable.
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ThermoChemical
CNI QG A2V u)\ZW 0 (
Innovative, disruptive two
step conversion process o
transform different bio
resources Into sustainabl¢
NI 6 YIFOGQSNRMIFf &aé

Background NewWave

A NewWaveusesThermoChemicalFractionation as

starting point.

1. Sustainablé®iomass residues
are converted by fast pyrolysis
Into a liquid Fast Pyrolysis Bl
(FPBO).

2. The FPBO is fractionatedasec
on chemical functionalityjoy
liquid-liquid extraction yielding a
reactivelignin fractionand a
sugarrich fraction, both being
excellent starting materials to
produce sustainable, bibased
chemicals & materials.

Solid Lignin




1. Fast pyrolysis

Thermal depolymerisation of organic material in absence of oxygen
Main product: liquid bieoil (FPBO).

X ¥ &

Typical Process conditions

o T=400600°C

o P =atmospheric

Fast Pyrolysis is commercially availabdevyv.btg-bioliguids.con)
Standardized designcapacity 5 t/h dry biomass

Delivery of turnkey plants

® & &

FPBO Production plants
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http://www.btg-bioliquids.com/
http://www.btg-bioliquids.com/
http://www.btg-bioliquids.com/

2. FPBO Fractionation

Key biomass functionalities retained in the pyrolysis oil!

W
W Fractionation process based on ligdiquid extraction enabling separation on basis of functionality!
\TA"A
W

W

Each fraction Is used directly as raw material inrklmsed products or a starting point for further dedicated

(electro)}chemical, catalytic or biotechnological conversion.

Biomass [ Pyrolysis

Hemi-cellulose

~
7

Cellulose

A

Lignin

A

Extractives

v

Pyrolysis Liquid

Acids, Ketones,

Aldehydes

Carbohydrates - sugars

Pyrolytic Lignin

Extractives

Eractionation>

\ 4

v

A

A

Pyrolytic fractions

Pyroligneous Acid
Acetic acid, formic acid, ..

Pyrolytic Sugars

Oligomers, anhydrosugars,..

Pyrolytic Lignin
(Partly) depolymerized lignin

Extractives
(rosins, fatty acids, tannins)




2. LiquidLiquid extraction of FPBO

Light phenolics

uju

Extractor
S——S

Pyrolytic Sugars

Liquid Pyrolytic Lignin

Solid Pyrolytic Lignin




FPBO

Fractionation
Pilot Plant
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— ;';- =% Demaplant for FPBO fractionation is
f"'lé 14 operational

Based on liguidiquid extraction of the
whole oll

Productsare: pyrolytic lignin, pyrolytic
sugars (& pyrolytic extractives) |
Proven capacity ~120 kg/h FPBO feed

REACH registration filed fBrligninand
p.sugarg1-10 t/h)

CAShumbers

Pyrolyticsugars 241460513-1
Pyrolyticlignin 241100428-7
SolidPyrolyticLignin 241100420-9




Scalingup & Value chain demonstration

Status FPBO Fractionation:

W Fractionation proven by BTG on pisxtale
(120 kg/n FPBO feed)

W Technology License with BTG Bioliquids on
Implementing technology;

Wh5SaArdy 2F M OUkK FSS
1,500 t solid pyrolytic lignin/year;

W lcDemonstration plant foreseen for 2026
2027 by Aurora Renewable Chemicals.

Biorefinery Twente

De-risking and low investment using existing pyrolysis plant

A\ 4
1 wvood ’
residues i

23

FPBO (s0%)

FPBO blend to
Royal Friesland
Campina boiler
application

sugars

) 4

Lignin used by

e Kingspan for
First step — FPBO production plant Second step — Fractionation unit . 9 p.
insulation

* Existing Empyro plant * First of a kind plant

* Proven technology at TRL9 * Extensive testing and experience with lab pilot plant materials.
* Over 175kton of FPBO produced Steam used by * Simple process using existing and proven components

Nobian salt

factory.

Webinar:https://www.newwave-horizon.eu/news/fastpyrolysisunlocking
new-opportunitiesfor-biobasedmaterials (seeNewWavesite)
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NewWave approach

/ Mixed polyols to PU \
7 TN ¢
O
HJ‘K@/.\OH
-Manufacturing line for -Manufacturing line for
HMF & furan-based chemicals MEG, MPG & polyurethane

M,

C.__OH
C
H?

HO™

-Manufacturing line for

-Manufacturing line
engineered wood panels

for modified wood

N
HE . B
Circularity—> TCF conversion plant

<+ Circularity

Waste Water

Biogas<=—
treatment

treatment

Waste Water |_’ Biogas

Biomass residue, organic wastes
& end-of-life products
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Wood products, green resins and chemicals
a new wave of doing things

8:459:15¢ Arrival

9:159:30 Welcome and keynote Unlocking Biomass through Fast PyrolysiBTG

9:30-10:15 Sustainable Materials for the Modern Construction Sector
W Engineered Wood Panels (Plywood and MDF)FORESA Technologies
W Modifled wood products for outdoor applications FORECO and INNORENEW

10:1510:30 Coffee break

10:30-11:00 Innovative green chemicals

W  Innovative green chemicals in polyurethanesAEP Polymers
W  Innovative green chemicalsFuranicderivatives - TFC

11:0011:30 Open discussion and Q&A
End of OHine event

11:30 Visit to the demo structure and products showcase
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W NewWave

FORESA

TECHNUOLOUQG

and chemicals
a new wave of doing things

Wood products, green resins

04th March 2026

~ ~ ~ P ~ ~

and Innovation Programme under Grant Agreement N61058369
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FORESA SPAIN

I—_C)RESA

TECHNOLOUQG

FORESA FRANCE
BRESFOR PORTUGAL

PORTUGAL

Foundation of FORESA acquired 100% Foundation of FORGLUE
FORESA Of Bresfor in Portugal FORESA (Meéxico)
1964 1996 2005 2016-2017
1975 2000 2006 2019 13
FORESA acquired 25% Maritime terminal FORESA acquired a Foundation of

Of Bresfor in Portugal in Vilagarcia plant in France Technology Division



Our background

Methanol

Melamine

Phenol

Paraffin / Oll

Natural raw material

Other raw material

Formaldehyde

Solutions
Urea

UF Concentrated

Adblue

NOX scavenger

UF+MF+UFM Resins

PF concentrated
Resinas PF+PUF

Vynilic emulsion
Resina de PVAc

Emulsion Parafina / aceite

BIOG-Emulsion
BIO-Adhesives

Aditives

Pharmaceutical industry and varnishes

Resin producers

Environmental applications

Board sector, Paper, Cork, Casting, varnishes

Resin producers

Board sector, Casting, Isolation,

Dust & Erosion Control, Soil & Slope Stabilization

Honeycomb, Furniture, Decoration

Board sector, construction, isolation

|Isolation, Board sector

|Isolation, Board sector



Naturally originated solutions
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W NewWave

I-_C)RESA

TECHNOLOG

Manufacturing for engineered
Wood panels

CKAA LINP2SOG KIFa NBOSAOSR FTdzyRAy3d FTNRY
and Innovation Programme under Grant Agreement N61058369




WP5 Objectives and overview

ADesign, production, testing and upcaling of added value green plywood resins based on pyrolytic lignin

AAppIication of (high content) the modified lignin fraction un plywood and MDF production

A Development of a fully sustainable MDF and/or plywood product

A Production of large quantities of selected material for demonstration activities

22

WP5

Task 5.1
Task 5.2
Task 5.3
Task 5.4
Task 5.5
Task 5.6
Task 5.7

1

2

YEAR 1
3

4 1

2

YEAR 2 YEAR 3

3 £ 1 2
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D5.1 (FSA, M12):

Development of new plywood resins

D5.2 (FSA, M24):
Development of new plywood resins

]

D5.6 (FSA, M36):

LCA/LCC data

D5.4 (FSA, M45):
Final report new green resins

D5.3 (FSA, M24).
Sample manufactured with green resin

D5.5 (FSA, M24):
LCA/LCC data

D5.7 (RuG,M27):
Conversion MPs to
phenol &cresol

D5.7 (RuG,M42):
Conversion MPs to
phenol &cresol

MS5 (FSA, M45):
100%Biobased resi
produced

I




WPS5 path way W

PHENOL 8 FORMALDEHYDE — T

FREE PHENOL
+ BASE +

FREE
FORMALDEHYDE

PYROLYTIC LIGNIN g FORMALDEHYDE — T

FREE PHENOL
+ BASE +

FREE
FORMALDERYDE




WPS5: Manufacturing line for engineered wood panels

Pilotplant productionof selectedmaterial

PLYWOOD PANNELS

Ligninused BTGNW SPB
Replaced50%

Values of reference: EN 314

Average fv

_ ~Average breakage rat
resistance (N/mm2

NZH X TGO X XZyn

n¥n X FO X XXIol

nc X FO X mIim
MZn X T Kotexpecifications

CONDITIONS

TEMPERATURECC
DOSAGE2509/m?

CURBEACTOR min/mm

: 2 min/mm
Particle board : _
Linel LineZ2
CLASS 1 Treatment
1,26 1,31
CLASS 2 Treatment
1,01 1,12

ForinnoRenew

A Foresalechproduced16 plywoodpanels(50cm x 50 cm each)

A The panelswere shippedto InnoRenewfor testing during demo

activitiesSubtask3.5and 8.4
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WPS5: Manufacturing line for engineered wood panels

Pilotplant productionof selectedmaterial

MDF PANNELS CONDITIONS
Ligninused BTGNW SPRB TEMPERATURZ22(°C
Replaced25% PERCENTAGERESINUSED18%

CURBEACTOR22s/mm

Values of reference: EN 319

Thickness ranges

1B

Property : Density Swelling
>12 at 19 Particle board (N/mm2)
. (Kg/m3) 24 h (%)
Dry environment
Swellingin thinckness24h 12% Dry environment
Internal Bond 0.55N/mm?2 Eora 5 C o 204 0.56 3 83
Wet environment: After Boil test

Swellingin thinckness24h 3 0% Wet environment: After Boil test
Internal Bond 0.12 N/mm?2 Edra 5 CO

ForinnoRenew

A Foresalechproduced16 MDFpanels(50cm x50 cmeach)

A The panelswere shippedto InnoRenewfor testing during demo activities Subtask 3.5
and 8.4



WP5 path way

APhenol and Formaldehyde replacement

GREEN RESIN

PYROLYTIC LIGNIN + + BASE S

cresoL [ rive [T

POLYMER

POLYMER

22




WPS5: Manufacturing line for engineered wood panels
Developmenbf afully GREENRESIN
Phenol Replacement

Blended phenol (CRESOL)

Pyrolytic Lignin: SPL1; SPL2; MP; LP

Providedby BTG : Provided by BTG
Startingwith 4 different lignin ’

Developmentof SPB Lignin A new lignin, designatedas
SPB, wasdevelopedas a combinationof SPIL and SPP
lignins

Optimal Performance SPB lignin was selectedfor the

final phasesof the project 'hthe best performanceand

resultsacrosshe variousresinformulations

Sample C% H % Ni %

cn=sell 72,8%  8,27%

FP,,
5,08

W

22



WP5: Manufacturing line for engineered wood panels AV

Developmenbf afully GREENRESIN
Formaldehyde Replacement

Hydroxymethylfurfural (HMF) 2,5 Difurylfurfural (DFF)

Provided by BTG
Alternative to HMF

- To try to reduce the drastic conditions to produce HMF resins

Started with HMF commercial

HMF Provided by TransFuranChemicals
Not initially contemplated in the project scope

[2EAR NI & YI GSNII M [26 az2f dz A

Renewable source

_ower toxicity



WP5: Manufacturing line for engineered wood panels AV

Developmenof afully sustainableGreenResin

DSC
Phenol = Cresol; Formaldehyde = HMF :

MDF-EO

HMF Lignin " X~ 2.5 pH MDF-HMF-Cresol

RESULTS H t SC, % FF,,

' Min

Substituted Substituted sy (250c)  (250)

Eova) 0% 0% 267 | 1.198 | 10.5 19 49.8 | 0.05 2.09
Edra 5iCa & NB¢ 100% 100% 415 | 1.204 | 11.4| >130 66,8 - 1,38

RESIN PRODUCTION

RHEOMETER

Processes

[T l\ R
Recipemodification MDF-EO \
MDF-HMF-Cresol

- Increase the pH respect to standard
recipe

- Temperatureasstandardprocess | 'f*dl ] Z
- Processin@ime asstandardprocess ] Jj vl V

Finalresin

GPC

. . Mn (Da) Mw (Da MP (Da
- Very low reactivity b rheological - MESJLIE (D3) (D3) (D3)
analysis demonstrated that the resin| Edra 5980 5055 | 591082 | 349495

LTI S Y L3 |
T E—

- Viscosityachievewith standards

doesnot cure,whichmakesit unsuitable Cresol sample 40 119 146

for panelproduction - -
Edra 5tCa @ NBa 2t |0 47 151 143




WP5: Manufacturing line for engineered wood panels

Developmenof afully sustainableGreenResin

W

DSC
Phenol = Pyrolytic Lignin (SPL3); Formaldehyde = HMF o — MIOF-EG
e Lignin MDF-HMF-EE4
RESULTS SC, % FF,, .
Substituted Substituted ;5.
Eova) 0% 0% 267 | 1,198|10,55 19 49,8 | 0.05 2.09 5
Edra 5iCa ©® 80 100% 100% 381 | 1,203|11,04, 138 52 - - §
RESIN PRODUCTION RHEOMETER %
Processes \
Recipemodification MDFEOQ o \ N
- Increasegemperature | MDFHMFREEA4
Upto 95°C 1 - ~ — ~
- Longlastingmanufacturingorocess | , - N B
Polymerizatiortime 6h
Finalresin : ) GPC
- Viscosityachievewith standards
- Lowerreactivity RESULTS Mn (Da) Mw (Da) MP (Da)
Edra 5960 5055 | 591082 | 349495
- ) j .. R Edra 5tCa @ 80 3840 178560 186363




WP5: Manufacturing line for engineered wood panels AV

Developmenof afully sustainableGreenResin

L. RESIN PRODUCTION
Phenol = Pyrolytic Lignin (SPL3); Formaldehyde = DFF

Process

O O O
O o Excessivelftiigh T2 for standardresinmanufacturingporocesse$99°C)

H H H L . .
\ / OH \ / Monitoring viscosity

Hydroxymethylfurfural (HMF) 2,5 Difurylfurfural (DFF) - Precipitationgenerationobserved

Theprocesds not continued

FORMALDEHYDE ALTERNATIVE Finalresin

Thefinal resinis not obtained

DFFbasedresinoptimizationwasnot elaboratedllhNewprojects

2,5 Difurylfurfural (DFF)
Provided by BTG
Alternative to HMF

- To try to reduce the drastic conditions for the production
of HMF resins.
Not initially contemplated in the project scope
{2f AR NI & YI OSNRI f ™ [ 29 &




WP5: Manufacturing line for engineered wood panels AV
Developmenbf afully sustainabldPARTICLEBOARIduct

FORECO Raw Material Issues Morphology and low

density ' Difficult to achievea stable board

Results of Internal bond and Swelling

CHIPS RADIATA CHIPS MAPLE
structure.

CoatingDeficiencies The standardresin content

was insufficientto fully coat the wood particles,
leading to poor uniform RA & O NRA 8rdkém 2

particleboard
PARTICLEBOARDS PANNELS Low Reactivity. The bio-basedresin exhibited an values of reference: EN 312
: S : Internal bond Swelling24rF
: excessiveljong hardeningtime (138 minutes) Particleboard
Greenresinused r articleboar (EN 319) (EN 317)
—ormaldehydereplaced 10000HMF TR il | P2-Standard furniture XN Sop 2bk Y50%
Shenolreplaced 100%LigninBTGNW SPB P3Non structural humid XNXnp2bk YRMnM
s P4 Structural dry XNnznp bk YAmp
P5Structural humid XN Znp 2b K YR
CONDITIONS P6-Heave duty structural XNnXpn2bk YRMp
TEMPERATURZ20°PC

Density 1B Swelling

PERCENTAGH-RESINUSED20% Particle board

CURBEACTORR25s/mm

(Kg/m3) (N/mm2) 24 h (%)
Edrt | NI A i o 468 0,21 31




WP5: Manufacturing line for engineered wood panels AV

CONCLUSION

Pannels elaboration with resin: Phenol replacement

A PLYpanels A MDFpanels -
-Resinused 50%LigninSPB; 100%Formaldehyde -Resirused 25%LigninSPB; 100%Formaldehyde
-Resinwhit higherfree formaldehydecontent 0,53% -Resinwhit higheriree formaldehydecontent 1,3%
-PlywoodpanelsuccessfullyneetsClassl and Clas< standards -MDFpanelsuccesstullyneetswith standards

Green Resin development
A Phenol=Cresoj Formaldehyde= HMF A Phenol=PyrolyticLignin(SPB); Formaldehyde= HMF A Phenol=PyrolyticLignin(SPB); Formaldehyde= DFF

-StandardTemperature -Longtime elaborationprocess -Alternativenot contemplatedin the projectscope
-Standardime in elaborationprocess -Hightemperaturein polymerizationprocess -Poorsolubility
-Noreactivity (resindoesnot cure) -Lowerreactivity -Excessivelightemperature

[bunsuitablefor panel production Munsuitablefor industrial process -Precipitationformation

-Finalresinnot obtained

SELECTEEREEMNRESIN

A Elaborationof Particleboardpanels
-RawMaterial IssuesMorphologyandlow density
-CoatingDeficienciesThestandardresincontentwasinsufficientto fully coatthe wood LJF NI ABookesgarfigleboard
-Particleboarddoesnot reachthe value of the standard

£O
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W NewWave

Modified wood products for
outdoor applications

4 March, 2026
NewWavePublichybridevent & Show

Anna Sandak & exKiezebrink
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Grant Agreement No. 101058369 Views and opinions expressedare
howeverthose of the author(s)only and do not necessarilyeflect those of
the EuropeanUnion or HADEA Neither the EuropeanUnion nor the
grantingauthority canbe held responsibleor them

Funded by
the European Union



Why biomaterials?

d¢KS MyuK OSYUdzZNE g4I
the 19th about steel,
the 20th about concrete,

and the 21st century Is
I 0 2 dzU

Alex deRijke
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Diversity of wood

There are ove60 000different
wood speciesthat might be

used for several applications
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