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REGIONAL COOPERATION

multi-level governance for encouraging -

driven by a political commitment of |
emerging industries (beyond TRL 5) to ‘

40 EU regions
reach the market

02 04
S3 SMART INTERREGIONAL INNOVATION
SPECIALIZATION INVESTMENTS
S3 to boost new growth through Deliver investments on S3 related
bottom-up entrepreneurial priorities and reinforce globally

innovation 3 competitive EU value chains
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STRATEGY VANGUARD INITIATIVE
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The Vanguard Initiative’s methodology KT?'&
o Blo;ECONOMY

03

DEMONSTRATE

alil

INDUSTRY INSPIRED » Support on definition of business plans
0 1 * Define win-win interregional business opportunities
LEARN

* Mapping promising business
models, facilities, projects

* |dentify lead regions and
actors

04

COMMERCIALISE
* Launch of new ventures,
partnerships, start-up
 Create new interregional value

02 chains
CONNECT é::rg
» Matching events for complementary partner @ INDUSTRY OWNED

* ldentity funding instruments

» Stimulate interregional dialogues |NDUSTRY DRIVEN

A

VANGUARD INITIATIVE




Support the
creation of new

integrated bio-
based value
chains between
chemistry,
agrifood,
bioenergy, and
biofuels sectors

Promote new
business
opportunities
through
interregional
cooperation and
ideas exchange

The Bioeconomy Pilot mission

Encourage projects
at the
demonstration
stage to upgrade
and exploit
business (beyond
TRL 5).

L4

SMART

SPECIALISATION

» STRATEGY

Support
investment
pipelines based on
industry-driven
business cases

coherent with the
S3 of the
participating
regions

., BIO-ECONOMY

3 ‘ VANGUARD INITIATIVE

Promote political
engagement to
position the Smart

specialisation
agenda at the
centre of the EU’s
drive for a
sustainable
economy

VANGUARD INITIATIVE
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The Pilot’s strategy

1 / Build an interregional
bioeconomy alliance by

promoting stakeholder
engagement in the Pilot

* Organising B2B matchmaking
events

* Building alliances with funded
projects

* Designing decision-making tools
for SMEs using Big Data and Al

2 | Demonstrate the bioproducts
large-scale feasibility

production by raising public and
private funds

* Boosting industrial scale
validation of pilot plants in lignin
and lignocellulosic sectors

« Demonstrating industrial-scale
production of sustainable bio-
based advanced chemicals

* Encouraging the industrial
validation of plants, services and
products

:\T? R

., BIO-ECONOMY

- ‘ VANGUARD INITIATIVE

3 / Increase bio-based products
market uptake by accelerating
interregional demonstration
projects

* Providing business development
support, business intelligence
and business plan desing

* Identifying promising industrial
models in the VI regions

* Activating interregional
cooperation and attracting EU
funding sources towards demos’
validations

VANGUARD INITIATIVE




The Regional commitment :\T?O”'

.~ BIO-ECONOMY
_d VANGUARDINITIATI.VE

18 Regions participating from 10 countries

Austria Italy Sweden
* Lower Austria » Autonomous Province of « Varmland
Bolzano/Bozen - South ¥
Tyrol :
Belgium « Emilia-Romagna The Netherlands
* Flanders * Lombardy » South Netherlands
* Piedmont » Randstad/Zuid Holland
Finland
« East and North Finland Slovenia UK
» Slovenia » Scotland
« Wales
Germany Spain
» Lower Saxony « Navarra

* North Rhine-Westphalia
« Saxony-Anhalt
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The Pilot’s demo-cases °$g

"\ BIO-ECONOMY

- ‘| ‘ VANGUARD INITIATIVE

Bioaromatics Lignocellulosic Liquified Bio-methane Biopolymers
demo-case biorefinery demo-case demo-case demo-case

Creating Set-up of European Enhance wide Creating
interregional value value chains from diffusion of bio interregional value
chains to produce lignocellulose liquified natural gas chains by matching

lignin-based biomass to for sustainable polymer market
aromatic molecules intermediate and transport across applications and
and innovative end-products of Europe, by new biobased
sustainable bulk and fine advancing the state technologies
materials chemicals. of the art of biogas
upgrading
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The Pilot’s key achievements

1. Increase Vanguard
Initiative regions
participation in demo
case activities

2. Bring together a
community of bio-based
experts

Develop a platform based
on big data and Al for
creating circular value
chains

P &

17 participating regions from 10 countries

10 annual events organised on average with over 500
bio-based experts involved

10 project proposals supported by new partnerships
linked to the Pilot mission

1 Memorandum of Understanding signed with the Bio-
based Industry Consortium's (BIC)

Cooperation for the creation of the BIC Regional
funding platform

Over 30 EU projects mobilised in synergic actions of
multi-learning and cooperation, communication and
policy influencing

12 new Vanguard regions involved, 70% of biomass,
and 100 technologies mapped

Digital platform for modelling cross-regional value
chains supported (VCG.Al)

o\$/QQ

BIO-ECONOMY
‘ d VANGUARD INITIATIVE

Bio-based Industries
Consortium

Regional funding
platform

European
Regions

https://biconsortium.eu/regional-funding-platform

vcg.ai

VALUE CHAIM CEHERATOR

https://vcg.ai/

VANGUARD INITIATIVE
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1. Bioaromatic applications » Several TRL 4/5 pilot units to demonstrate the individual ft=Biorizon Shared Research Center: Animation Video
towards their steps of the end-to-end process from biomass to aromatics
industrialisation through the «  Testing and launch of the LIGNOVALUE plant (Mol, g
Biorizon program Belgium) to produce lignin oil (after depolymerization) and B|0r|zon

its fractions. The startup Relement, founded at the end of

2020, is currently commercialising its first product, MPA. L

ALTRI VIDEO

2. Strengthen biorefining Development of a 100% fossil-free asphalt thanks to the b 0 o0z = % Youlube L]
technologies to convert replacement of bitumen with a bio-base binder
various lignocellulosic (CIRCUROAD Program)
fractions into intermediates Design of a business plan for the production of Bio-LNG

https://youtu.be/NTSRazQB9kk

and building blocks that can for road transport in Lombardy and a replicability plan in
be used to produce biofuels Slovenia
and chemicals «  Design of a business plan for the production of

biopolymers from agricultural biomass

https://circularbiobaseddelta.nl/focus-themas/projecten/chaplin/

VANGUARD INITIATIVE



https://youtu.be/NTSRazQB9kk
https://circularbiobaseddelta.nl/focus-themas/projecten/chaplin/
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The Pilot’s key achievements

1. ldentify promising industrial 10 new mature business models (above TRL 5) assessed

business models in as new inter-regional demonstration cases

Vanguard regions to « Decision-making index for resilient and market-ready
produce value-added inter-regional value chains to be incorporated into VCG.AI
products designed and validated (Sustainability Assessment Tool by

InnobioVC project and Business model design tool by
SYMBIO project))

2. Activate inter-regional 5 projects/year in EU programmes to support the most
cooperation and attract EU promising demonstration projects towards industrial and
funding sources market exploitation
» Promote the I3 biopolymers partnership by attracting
stakeholders from Vanguard regions
» Innovation Express Call 2024 (IEC2024) via S3
synchronisation designed and launched
« Develop an IEC2024 expansion and incorporation plan with
Vinnovate. - \

Vinnovate Call 2024 _°: **

Funding for international innovation ‘
TRL6-TRLS8) projects

~ | -

https://www.s3vanquardinitiative.eu/multipurpose-
\1 page/call-2024

°\ BIO-ECONOMY

— 3 ‘ VANGUARD INITIATIVE

iterrey

Co-funded by
the European Union

Alpine Space

https://www.alpine-space.eu/project/innobiovc/

8

O?o‘gswv\mo -

MEET YOUR SUSTAINABILITY TARGET

https://www.symbioproject.eu/index.html

Interregional
Innovation

Investments
Instrument

https://eismea.ec.europa.eu/program

mes/interregional-innovation-

investments-i3-instrument _en

VANGUARD INITIATIVE
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Bioaromatics via the lighocellulose

Biorefinery

(LIGNOCELLULOSIC) BIOMASS

4 Thermochemical
(gasification, pyrolysis)

LIGNIN

OLIGOMER

Fractionation DIMER
{filtration, condensation)

MIXTURES

Catalytic

MONOMER

Depolymerization

LIGNIN

Biorefinery

(e.g- organosolv)

CARBOHYDRATES

FUNCTIONAL AROMATICS

Acid Catalyzed FURANS Diels-Alder MONOMER

Dehydration Chemistry

Byproducts:
- Energy

| ] - Plastic recycling

D

T?/'
Qd\o
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Thanks to Triple Helix
bio-aromatics is nog very
well on the regional, but
also international agenda.
It starts from the strong
chemical region Antwerp-
Amsterdam-Rhein-ruhr
Region

|deal starting point

"

. 'ANGUARD NITIATIVE
tIM@v growth through smart specialisation
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LignoValue Pilot

Commercial
production
Q of bio-aromatics
Demonstration
O phase
Pilot phase m—,
O
Research & =
Development >
RELEMENT
Spin-off launched
Continuous Diels
Alder skid
2013 2015 2020 2025

Biorizon Powered by: TNO & VITO

The wal “o 2romatics



p Gasification: Milena and Olga Technology

N-free product gas 4 h
’ P ¥ Biorizon

TT—T-’ Milena ] { Olga gas M-@-Clﬁ
gasification J { cleaning o,
Settling
Chamber BTX
.

-

-\\I

Flue gus-—ﬂ:

Solid

v .
fondetnck Benzene, toluene and xylene are by-products of

gasification and typical drop-in chemicals

v" Increases the value of gasification products

v TNO is exploring the production, recovery and
purification of Benzene and Toluene to industrial grade

quality

air

Carrier gas
steam/CO
: ) Green gas (SNG)

Powered by: TNO & VITO

Biorizon
106
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» Valorisation via Thermochemical Depolymerisation
Pyrolysis and staged condensation

( ] |, Pyrolysis -
{ Fast Pyrolysis J | vapour
upgrading \

s’

Mattresses Windmill blades

Bitumen Fuels
7 & :‘ L. v" Interest from industry in pyrolysis for the production of l
"ty N . bioaromatics from lower value waste streams
Plastics Laminated wood Tyres Foams
v" Rapidly growing interest from industry in pyrolysis for
recycling of plastics, laminated wood etc. ‘ m
Increased market interest

in recycling of waste v" Increased focus on higher-added-value application of the Paint Resins

streams

pyrolysis vapour (chemicals / materials instead of fuel)

o

New aromatics from recycling

Projects

Successfully concluded: BIORECEPY (bio-oil application in resins, tyres and biofuels)
Lignin Biomass Ongoing: PRIMA-2 (aromatics recovery from laminated wood via pyrolysis)

New I: Better Biobased Building Blocks, SLICE and BIO-CAPPP

Biorizon Powered by: TNO & VITO

The wial 7o aromatics 107




‘The Fabiola Process

High / low molar mass lignin fractions

1] >
Agricultural residues |
Forestry residues ) » Partial depolymerisation -
‘Food processing residues Lignin {fractions) - ' %
? ® o \C; —  Lignin oligomers ot
Energy crops , /
Short rotation coppice : Wi o
Organic waste i 5 -y
AA
i > [a] ; a
- " » f ] [ H o]
Distillation Q g A O —» Furanics @JJG a
' ' <r x
=7 f.‘; - . HO~—Y ==
..I.-"._ \ ‘ - '.n_ Hemicellulose hydrolysate Concentration/purification ““?"L-ra:"i\‘\m m’%
> *  |—>  Hemicellulose sugars "ﬁf&;&m
epedincad
. e
s

HG-.
-

Enzymatic hydrolysis . o
ST T LN o N ——»  Cellulose sugars =\~ S

B | -

II:,_- o n ' . _.::"ju ﬁh\:ﬂi‘“
T ‘ 'i‘-l%'iw Cellulose pulp “\1;&._ -

Material applications

140 °C, 60-90 min, 50% acetone, pH 1.8
Fertiliser / Fine chemicals :

Biorizon Powered by: TNO & VITO
06/02,/2023 111

L J

“«
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» Enhancing Access to Sugar-Derived Platform Molecules

React-EU — Bright Coatings

Industrial Standard

OH

Steam crude furfural Hydro- \O/
Stripping in condensate furfural EEEHELTE]
furfuryl
alcohol

TNQO’s Telescoping Approach

BPR

Biorizon Powered by: TNO & VITO

crude FF
in solvent

polished Hydro-
FF genation (\J/

2-methylfuran

The wial) o aromatics 11/28/23 134




P Developing Novel Biobased Building Blocks — Together
TNO Partner(s)

/ r 3 N
Identification and selection  ®g®
3 L '-‘ J
Phase 1 — g-scale - 3 \
Synthesis development v—{ First characterization
L "y _:‘I/

N/

Phase 2 — kg-scale

\
i, Sample synthesis ‘—'[ Application properties }
w, ST G N )
. r.'_j.-'.,f-. f':, N

Evaluation and way forward ‘./il

N
N

Development scalable
process and
Scaled-up production

Continued application
development

Phase 3 — scalable
production

Biorizon Powered by: TNO & VITO

The wal o aromatics 11',1’23’1"23 136



Ability to offer a bioaromatics platform
Spin off: Relement

Hexahydro Epoxy-Hexahydro
Phthalic Phthalic
Anhydrides Anhydrides

Hemimellitic
Acid Anhydrides

Targeted Po_h_.furethapes e L UV resistant coatings Nove! coatings
k Specialty lubricants Monomer Plasticizers Other innovative
Markets Plasticizers Epoxy Curing agent applications
Volume ) , J ,
Possible 10’s of kgs 10’s of kgs 10’s of kgs 10’s of kgs

Dimensional stability
Performance High Temperature Higher UV resistance
Stability

Super UV resistance

Electrical insulator To be explored

ANGUARD NITIATIVE

Derivatives S New growth through smart specialisation

Available
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P Process Development to Expand the Renewable Carbon Horizon
MOOI - AROMATICS

FEEDSTOCKS INTERMEDIATES BUILDING BLOCKS PRODUCTS
[ BioBTX | . [ Drop-in | [
/@/ Resins
. COOH
Eﬁj Lubricants
Residual biomass CO0H )
@ @i D’ Electronics
HOOG
coon cooH Rubber-
. @ [ZC{N}H tires
w Furanics oo Wind-
Biomass 5 FN Lo o turbines
ugars Q‘J Ej E;[:D Coatings
RO Yoo
xsg;lh§ F 0 Detergents
Fragrances
Near-drop-in
Ethanol c4 5
ﬂ @o Bottles
n]
0=y 0 i
. /%)E-c Fibres
8 R HOOC Packaging
A J
Waste *
END-OF-LIFE

Biorizon

The way "o aromatics

:‘Bio BTX

avantium

RELEMENT iff

Adding the Releme

Humon Chaeviersg, A Foderioni

AkzoNobel §_/"

n' WRAGENINGENM
LIMIWVERSITYF & HESESRLCH

Busae  aflhex

Powered by: TNO & VITO
11/28/23 139




Bio-aroma from lignin

Biorizon partner VITO.
> Metsa Group and ANDRITZ plan a lignin product demonstration lro p e opens LignoValue .

plant at Aanekoski il 1  Fland
Melb=d Group Press release 29 May 2023 pl Ot p ant ln an ers
Vs warer SR XN ET W G
oDne ]
1.600.000
Met= F ove, part of Metsd Groug, i3 plenning to bud d a cemonstration plant fora Subscribe to our releases
wd g procuctin ecoparation with ANDRITZ | The aim s 1o develap the
a sepsrate #zmin from Black houor in pup preduction and to further m
prOcRRLTceNRW Encunes; Latest news - 1.400.000 ————— |, Mol (Flandors, Belgium, LignoValue was officially opaned on 6 October. It is the first and
Tho dermenstration plant would Pave @ capaciiy of 2bout two Tonrs per day and o only piot plant for bio-aromatics from lignin: bio-based chemicals that replace fossil praducts
wou) De located withen Metsa Group's Aspekcsh) Doproduat mall &n investrment Afets Oroup anvd Quant Finland agree on 2 2. and perform even better in high-performaonce applications, such os paints, cootings and
decision on 1 plant = expacted o be mads during 1he courss of this yea AN 0oal Lo races fesstl o)l ; 1.200.000 composi
I pudp prodoction, ignin Chal achs as = Ginder for wood Bbres is removed from | MERCER
fibees 1t has traditionally Been psed for hicenss gy pradoction, but [t okso hasa
ramber of other potential ases. e techncal assessment ang develapmeat of the Aot
piodct e eodlsE soplinations o baing dhiven b feodise sokerial Saencs '] Lignin pilot plant opens in Germany / Bio-based feedstock material for PU, thermoplastics -
compeny. Dow. Tre high parformance bio-cisperaart products craduced in the st u stopped
demonsgtration plant could be taed. lor axaanple, as bo-based concrate and gypsum :" US timber group Mercer (New York, New York, wwwv.mercennt com) has opened Europe's first pilot plant for Brbnned
HAEISAIC AT N STESH U N AN __| lignin in Rosenthal, Germany The new Mercer Lignin Center in the immediate vicinity of the local pulp mill has a P
e ndor D g ¥ a =
o GEEMA production capacity of 300 t/y on an area of 1,000 m* No details were given on the amount invested @ pilots
% 9 Catoane
600.000 - m operational

CONFIOURATOR TYRES

Quantity

FRANCTY

Stora Enso and Valmet collaborate | RN
to develop next-generation lignin SmartGRIP+ Compound |~ 60 kton ki
Feb 16 2023 _
The SmartGRIFt+ Compourd is a special chemical formulaticn
Stora Enso and Valmet have started collaborating on next-generation specifically designed for e-bike use, it features the characteristics of
TR 4 oo e 2 Lignin - a natural chemical element darived from the preductior
lignin product and procass development to drive Stera Enso’s lignin- LU the L gmn. a ndtuifd‘l. nermical eler w;‘-: t cerl'\.‘—u. from the ,o.rbdudlc,n
b db 4 fucth A th Aar . f the Val ' of paper. The Lignin is an additive with low environmenltal impsct
P R R P T Ol A Yo L that enhances the mechanical strenght of the rubber, |aboratory
LignoBoost technology. The objective of the partnership is to further tests certified 3 10% improvement in tear resistance which is a
develop the quality and customer value of lignin, increase the supply by crucial feature for modern e-blke use
aptimized process machinery and asset design, and to accelerate the The enhancement of the tear resistance comes without
compromising on the main features of the original SmartGRIP

spead of meeting the growing lignin demand of the future.

Compound, including chemical grip and durability The SmartGRIPt

Bi 0 rizon features a superior grip on every terrain and a predictable behavior
poctiiaeac in every weather condition along the whole lifesgan of the tyre

fhe way ~o aromatics



Lignin as resource for bioaromatics

*  Phenolic natural polymer
*  High availability

*  Sustainable

*  Non-toxic

*+ Low cost

*  Price not fluctuating according to oil price s
. . . . \ [
*  Functional groups (phenolic and aliphatic |
OH) Polymer: polydisperse, heterogeneous,
' ; solubility issues
/ ﬁ Complex chemical structure, also depending
\,»:f” On SOUrce

Low reactivity
Recalcitrant
Low compatibility with conventional polymers

.
T? 7

9

» o

JARD NITIATIVE

through smart specialisation




Analytics & polymer design

®* Need to map complex mixtures and functionality

Lignin bio-cils

ignin bio-oils are moMs

OMe ;
* reactive
x; * homogeneous R = CH; or CH,OH
« soluble R'=H or OCH4

than technical lignins and
therefore more suitable
for polymer development.

E. Feghali; K. M. Torr; D. J. Van de Pas;
P. Ortiz; K. Vanbroekhoven; W.
Eevers; R. Vendamme

Topics in Current Chemistry 20348

Technical (Kraft) lignin

oligomers & dimers monomers . ’ \
Srer e b pmane OH {mmal iyl

lill: *o®
AAL! Lower MW & PDI I I.,‘ H o ?/:o

9

£s for polymer development

= - 5 ; -
Bio-bfised polyol with original 0 “ \O\g

ex. PU NGUARD NITIATIVE

47yrowth through smart specialisation

17/05/2022
©VITO— Not for distribution



VITOs technology platform

e

P - . (@@ lignin monomers

dissolution fr Cata"/tlﬂ
| - hydrogenolysis | j .

I | N ’ Content: 5-50%

Bio-aromatics

— i : | Solvent ; — e
(1) tigni L e b e & T
(21] Biomass x‘»“ 60°C ‘,x‘r i H, atmosphere i
_L________i_____________-_ IL..L Hl:tEngEnEﬂUS J': . . .

g ndissoived \_mewtbased catalyst :

; residual lignin | Ccntent 95 5[]%

' e |

| ,',:,' 2-step approach

i L8 | . . . .

N R For each step: Design/construction of pilot unit

Continuous processing




> VITO'

. . .
f ontinuous processing

catalytic .
drogenolysis ?
’ Lontent: 550%
cm——

do-aromatss STt X et

\ f igrin chgemers
1 @

| O

) el €

|| 9 0¥

Jr each step: Design/construction of pilot unit

PILLAR Il dissolving/extraction unit

TATIVE
semi-continuous processing specialisation

Delivery at VITO Sustainability Park January 2024

#: VLAIO @ATALISTI



catalytic
hydrogenolysis

dissolution

e
{1} Ugnin ohicas
2] Biomoss [ 3 e
»
indssoteed
L residaal lgn N
OO ' 2-step approach '
" W For each step: Design/g

ontinuous processig

o
uction of pilot unit

New infrastructure project:
Additional equipment under development
* Handling of feedstock

* Downstream processing of products

viaio 1

o\

8 ':%-
\ :
!

LienoValue Pilot catalytic reactor

Continuous processing
Already on-site at VITO Sustainability Park

AONTur - | g i
--mn&L: ?\] SUboers rowes A Provecm
E N | Sl Astwerpen

ITIATIVE

rt specialisation



Lignin depolymerization

From lab scale to pilot plant

4-20 g/h output
Timing: feb 2022 1-4 kg/h output
Timing: Q1 2023

|

Pilot continuous
depolymerization

2 - 5g/day output
Timing: operational

Lab continuous
depolymerization
system

&
Lab batch
depolymerization
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»LIGNIN materials, close to market?

Publications mentioning lignin per year 1990-2022

10000 Avantium and Roelofs construct the world’s first test road with lignin
9000 produced in the Netherlands
8000 V
7000
6000
5000
4000
3000
2000
1000

Bio-bitumen: Stora Enso + Poab—=> Road in Sweden

2013
2014
20715

1998 mmm——m
1999 =
2000 —
2001 ——
2002 w———
2003 me———
2004 —
2005 —
2006 e———
2007 =—
2008 m——
2009 =———
2022 ——

1991 =
1992 ==
1993 mmm
1994
1995 ==
1996 —
1997

o
D
()]
Al

hoto credit: Peab

OH OH _OH
- MQOJ*\J\OMQ \/ Latvijas Finieris=> Industrial production of biobased glue in plywood
OH OH (‘)H
p-coumaryl coniferyl sinapyl

alcohol alcohol alcohol

«“
Lignin as a coating material is actually very promising with its many benefits

compared to the synthetic and bio-based coatings currently used. It has excellent anti-
OH corrosion, anti-bacterial, anti-icing, and UV-shielding properties. ”»

Biorizon

The way to aromatics




Lignin roles in polymer systems

* Lignin as building block for polymers
* Polyurethanes
* Polyacrylates
* Epoxy resins
* Phenolic resins
* Lignin as additive
* Chemical modification of lignin

. SpeC|f|c function of bioaromatic additives
* Antioxidant
* Antimicrobial
* UV blocking
* Adhesion
* Thermal resistance

9 T?/O

0““3

ANGUARD NITIATIVE
New growth through smart specialisation



Lignin derived polyurethanes

LIGNOCELLULOSIC LIGNIN POLYURETHANE ML Rt 0 | DCA
BIOMASS OLIGOMERS BIOMATERIALS < J ' .
o ' ‘\“

{4 \
L } ° wdom = ml
w W ~ LHO-MD )

i, ”| |l||* & .
aEae
"" >d 9

D
ANGUARD NITIATIVE
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Polyurethane foams with lignin as

polyol

Hico A Pressure T
I e CHa Temperature —
. Catalyst m mm) - 500kg 1
| PU Panels

1000+ m?

Industrial production .
E ‘|| Commercial product

—C, 3 OUP

.

.T S/
>3 o

ANGUARD NITIATIVE
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Acrylates

Previous work: Integration of tailored lignin fractions in PU, PF, epoxies...

* New development: Demonstration of lignin-derived acrylic systems

Tailored lignin (oil) fraction On-going research Future opportunities

* Functionalization; Collaborations with industry

R

* Formulation and curing; New applications from
HoC O Ry O(CHz B prép‘erties acrylated lignin fractions: \
s ( E E Coatings
/ . | D

Inks;

1
» Adhesives /‘
R2 . C\ < /0
Meth(acrylic) functions Q ‘ \0

ANGUARD NITIATIVE
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Lignin applications

u(v(u-uvv

BB' LIGN'COAT — Epoxy resins T-gasen QoBio based Industries
Epoxy resins

LUGNIN

Role of lignin in epoxy resins:
Lignin as an epoxy source (after epoxidation)

Lignin as a crosslinking agent g ¢
Epoxy Crosslinker ™
POLYACIDS
source .

SUSTAINABLI
COATINGS

!
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Lignin applications

Role of lignin in epoxy resins:
Lignin as an epoxy source (after epoxidation)
Lignin as a crosslinking agent

Epary resirs and prepregs producers
~ Final matecial producers
(Glycidylated) Ugnin of producers d F
Epoxy Crosslinker @g& "
X e il . Ex: THR-1 ond
source £x :u-,.«m...::‘ >l ri«::u“u.:w:\u omparies
z LIFE VIABLE value chain

Biomass producen

|mn tal
Ba” e
— Regulatory a urwm;n; em-psl 2
v :

Epoxy resin o
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Resins in collaboration with Westlake

Westlake
Epoxy
 BIORECEPY
* Biomass after thermochemical depolymeriation and
fractionation by TNO
* LIGNICOAT \
* Lignin after catalytic depolymerization by VITO +
glycidation > a9
* LIFE VIABLE T?/
* Eposyresins to make large composites oD
@I »\;3
ANGUARD NITIATI.V$
growth through smart specialisation
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Adhesives

* Previous work: Demonstration of lignin-based adhesives using various

chemistry platform (PU, epoxies...)

* New development: Lignin-based adhesives with additional functionalities:

reversible bonding and debonding on-demand

.

D T D
3 33_,.] D
LignoSwitch™ Reversible gluing and ungluing Eco-design \Q
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» BIORESAL project

BIORESAL (BlObased RESins from Aldehydes and Lignin) Project aims to valorize technical lignins and depolymerized lignins to
produce Lignin based phenolic resins for foam and molding applications—> Replacement of phenol by lignin.

7& vito

é

PF resins (L)PF resins Novolne TEA
Lignin Process design
o
OH A
& % INEQS
Novolac ‘ cH,0  Resol OH oo vResoI
l Acd FIP <1 lBase FP>1 ﬁ | ‘ CH,0O | & Chem. Modification
oH oM oH  OH & = HCOH replacement
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Chem. Modification

Tailoring lignin fractions * Vlto CATALISTI
Biorizon
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BIORESAL

LPF Foam evaluation with technical, purified and modified lignins

The thermal conductivity
Friability on target \/
The compressive strength

Specifications of LPF improved after adapting the resin procedure and after formulation development of the foam at lab scale.
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COUNTLESS

@]
COUNTLESS
r ]

L

FEEDSTOCK

isolated lignins
&9
e
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@

Fibenol x

Integrated Sustainakility Assessment, Communication & Dissemination, Stakeholder engagement, Exploitation

Cost-Effective production of ligNin platform chemicals extending the biobased
ChEmicals portfolio
HORIZON-JU-CBE-2022-1A-03

LIGNIN PLATFORM MOLECULES

& L]
<]
L_:';i

1 lignin monomers

.

lignin oligomers

[
lignin dissolution &
catalytic
hydrogenolysis

>~ Vito Braskem
fibenol | B

Dnlverslech
Uirechs

» Coordinator: fVItO

undissolved
residual lignin

N [
= s00
see
a$ep

@

digital tools — chemometrics

‘.

APPLICATIONS

functional additives for personal care products

I\): \‘H KASTAMONU sonun

Ffr? & UV stabilizers for synthetic waterproofing
membranes and wood panels

\%KASTANOHU Bruxkr.-m) f vito
thermoset achesives for wood-based panels,
automotive & windmills

Y T -
3 SOPREMA Qggxuv/\ncrw Braskem 3

7 PU thermal insulations foams & PU coatings

kitumen binders

7 vito [ cLIB)

Contact: kelly.servaes@vito.be

Overall goal is to demonstrate the
cost-effective and environmentally
sustainable production of novel
dedicated lignin-based platform
chemicals, in an industrially relevant
environment (TRL 7), via the the use
of a catalytic hydrogenolysis
technology to convert isolated lignin
into platform chemicals for several
applications in the construction
industry and cosmetics sector.

DRuration: 4 years ( 2023 — 2027) -
start 01/09/2023

Total budget: € 6,9 MEUR — EC
Funding: €5,4 Meur; BLOOM
associated partner (€1,34 Meur)

Circular
Bio-based
Europe

N1 Undortacng

Bio-based Industries

o n

Co-funded by
the European Union

The project is supported by the Circular Bio-based
Europe Joint Undertaking and its members
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Cambium project

Liquid Polymers (MS Polymer)
* Sealants, adhesives and
coatings
* Construction,
transportation and industry

~
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Replacing BisphenolA by lignin

derivatives

®

VIABLE

alorization of ligni
blomass into competitive
components gridually
replacing “PA in the
formul.ation of Fpoxy
resins

LIONIN OIL PRODUCERS

EPOXY RESINS

e p::-

o

REOUIATORY AND
MEALTH AOENCIES

FINAL MATERIAL
PRODUCERS

BIOMASS
PRODUCERS

FINAL MATERIAL
INTEORATORS

[ O

—e W ASTE

| -
Q00O

OENERAL
PUBLIC m

CONTEXT
OF THE PROJECT

BPA Bisphenol A (BPA) is a commodity
chemical produced world-wide in a large
volume every year. Itis used in the production
of epoxy resins and polycarbonates. However,
its endocrine disrupting properties and its
fossil-based composition concerns
about its environmental impact and health
toxicity as well as its sustainability.

raise

The VIABLE project therefore aims toimprove
the sustainability and the environmental
impact of epoxy resins manufacture by
lowering the BPA content in the formulation
of epoxy resins by 20 to 50%.

cimyv

This project has received funding from the European Union's LIFE Program
under grant agreement No LIFE20-ENV-BE-000671
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Lignicoat

Sustainable COATings based on
LIGNIn resins and bio-additives

LIGNICOAT project proposes the development of
eco-innovative materials from lignocellulosic biomass in
order to obtain bio-based sustainable coatings considering
the availability and carbon footprint of resources.

The LIGNICOAT project aims to increase the bio-based
content of the coatings while ensuring performance and
providing anti-corrosive, fireproof, and antimicrobial
features. The ambitious goal of the project is to assist in the
transition of the Paints and Coatings industry from
fossil-based to bio-based products.

WOODWMETAL L4
PROTICTION - - LCASLOALLC

LN

SUSTANABLE ‘
COATINGS " BIOINTERVEDIATES

Project Partners
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ALIGN, BMBF project in collaboration

with Flanders

LXPGROUP

Enzymatic
depolymerization

Natural vanillin for |

LX process +  LXlignin ‘ ‘ :
: LX oligomers | +| food and beverages | /
\" phytowelt
Biomass ; :
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% Application |
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From lighin depolymerization to plastic
depolymerization

INNOVATIVE CATALYTIC DEPOLYMERIZATION ROUTES FOR HETEROPOLYMERS
TOWARDS POLYOLS

Dissolution Depolymerization
" Oxygenated Polymer Materials . a7 .
Feed Study Catalyst/Process Development Polymer Material Development
%, f [ b \
1O, O -
1 & i ;
1 7Y J e : | i
=0 [l a1 | 1
SSsaa I | '
I PC I . . '
1 r O ‘? I | = 1 :
: \(do"\/a‘v‘ﬁ : Depolvmerization >: I |
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1 ! | | 1 I /
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i
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Depolymerization mixture Recyclable epoxy resins 0\ '

Blends
PET/PC
PC/ABS




o po—

Open call O\ o —
COST Actions V Funding v COST Academy Fund your network

SEARCH e-COST MENU

CA17128 - Establishment of a Pan-European Network on the Sustainable Valorisation of Lignin

&; Downloads

*LIGNICOST

* Albania, Austria, Belgium, Bosnia&Herzegowina, Bulgaria, Croatia,
Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany,
Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg,
Netherlands, North Macedonia, Norway, Poland, Portugal, Romania,
Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey, UK

Biorizon

The way to aromatics



Technology Readiness Levels

5
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Join our mission, join our community

27-11-2024 - 28-11-2024 /
Antwerp & Online

11th Biorizon Annual Event

On 27 and 28 November 2024 Biorizon Shared Research Center will host its 11th Biorizon Annual Event
on Bio-aromatics in Antwerp and online.
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Contacts . ;@‘

VANGUARD INITIATIVE

New growth through smart specialisation
llaria Re, Lombardy Green Chemistry Association
Email: ilaria.re@italbiotec.it

Ludo Diels, Portfolio Manager at Processes4Planet and Former Advisor
Sustainable Chemistry - VITO
Email: ludo.diels@vito.be
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