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Re-Invent Wood Chemistry, Innovate for All

Goethe

« Knowing is not enough,we must apply; Willing is not enough, we must do.."
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This SAWMILL processes 220 000 tons WOOD logs to manufacture 120 000 m3 of timber ....
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...but also ca. 100 000 tons of BY-PRODUCTS—> 50% YIELD !
barks, sawdust, wood chips, knots ...
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Dowsntream Trends for the current Routes of Valorisation
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What about a more added value valorisation of wood by-products
Based on the
development of wood chemicals ?
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1 100 000 tons wood biomass are processed to produce 300 000 tons of Pulp
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barks, sawdust, knots ,liquors...

Wood is Then itis  Water is Wood pulp.  Chemicals are The paper is
debarked, cut and  then added added to the pulp  then put on
pulped.  to the pulp. and it is filtered. rolls.

ca. 50% YIELD Kraft
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Current Valorisation of Wood By-Products by Paper Mills




Dowsntream Trends for the current Valorisation Routes
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Wood

What about a more added value valorisation of wood by-products
Based on the
development of wood chemicals ?
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Our motto: « Extract the Best, Burn the Rest »

Cellulose

Lignine

Extractives
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Typical wood chemical composition
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MARKET SIZE (Kg) / PRICE BIOMASS CHEMICALS

) Produits de base issus Produits chimiques de Produits pharmaceutiques
de la biomasse spécialité issus de la biomasse issus de la biomasse

1 012_
. Fibres cellulosiques* 1.5 S/kg

10"
J Acides

10" % gras /

9 Celluloses
10 spécialisées

8 Acide
10" = gallique 1 000 $/kg
1 07 . Aldéhydes (vanilline*,

- SA, TMBA)

6 e 1 000 000 $/Kg

10" — essentielles —‘3 "
Sterols™ S
10° Vitamines ":% _g
o P O I:' Proanthocyanidines*

4
107 = dérivés

1 03 - D Maltol*
102 — cis -3-hexénol I:I
-r trans -2-hexénal

Médicaments
chiraux
Taxanes*

| |
10 102 10° 10* 10
Prix du marché ($ US / kg)

= |
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VALORISATION OF CELLULOSE TO PAPER PULP

3 PAPER PULP PROCESSES

- KRAFT process
- BISULFITE process
- TMP process



2 500 Ktons (2004)

17 sites (2004)

PAPER PULP INDUSTRY IN FRANCE
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1 724 Ktons (2009)

12 sites (2009)

INDUSTRIAL CHANGE OF THE PAPER PULP INDUSTRY



Xylofutur/
— AQUITAINE REGION =W rolyBridge
m«"‘"‘ﬂ!’g ’\\- STRATEGIE INNOVATION

Organisme de Recherche agréé CIR

Large Scale Wood Biomass Bio-Refinery
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TEMBEC: A SUCCESSFUL INDUSTRIAL CHANGE

Tembec

ATELIER BOIS
Ecorgage, coupe, stockage

PLAQUETTES

CUISSON (S0 + NH,)
Sulfonation de la lignine
Hydrolyse partielle des hemicelluloses

PATE ECRUE

PURIFICATION
Délignification,
Solubilisation des résines
Purification de la cellulose

Réglage du degré de polymerisation

de la cellulose .

CELLULOSE
SEMI-BLANCHIE

ELANCHIMENT (3 stades)
Réglage de la blancheur finale

D

Ecorces
Sciures
+ Rémanents
forestiers

2

LIGMNINE
SULFONEE

2>

LIGMNINE
ALCALINE

CELLULOSE
de HAUTE PURETE

D>

@a‘! PolyBridge*

'J STRATEGIE INNOVATION
Crganisme de Recharche agreé CIR

BIORAFFINERIE: PROCEDES - BIOPRODUITS - BIOENERGIE

BIOMASSE
Bio Energies
{(Vapeur & Electricite)

LIQUEUR NOIRE
Bio Energies
Recuperation du soufre

LIGNOSULFONATES
Adjuvants fonctionnels

(dispersants et liants)

LIGNIMNE ALCALINE
Bio Energie
Reégenération de la Soude

SAVONS de TALL OIL

CELLULOSE de
SPECIALITES
Agents de texturation,
Epaississants
Vernis, Pleintures,
Explosifs
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VALORISATION TOWARDS CELLULOSE SPECIALTIES

Cellulose Specialties is a High-Value Product

Market pulp industry (1) Cellulose Specialties segment

High Strength Viscose and

Total: 63 MMT

Specialty High Value
Cellulose ~ 355}000 MT
Dissolving Specialties
Pulp Commodity

Viscose

Acetate
~ 710,000 MT

Ethers ‘
~ 503,000 MT*

Commodity
Market Pulp
52 MMT

Increasing
Specialization

* Includes some lower purity, less demanding grades

(1) Represents chemical (Kraft and Sulfite) pulp market RAYONI ER )

10 Advanced Materials.
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Acétate de cellulose

Media Filters

Optical films for LCD screens

High Quality Textiles



Xylofutur# A iﬂ!:ﬁ.gn{aﬁ?;
— VALORISATION TOWARDS CELLULOSE SPECIALTIES v

Ether cellulose

Coating for tablets

Anti-splash agents for paints
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Nitrocellulose

Nail polish

Lacquers

Inks
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LIGNIN VALORISATION

ADDITIVES FOR CONCRETE APPLICATIONS
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PRODUCTION OF VANILLIN

Source: Frost & Sullivan 2012
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Industrial Synthesis of Vanillin via the Gaiacol route
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Synthése du gaiacol

Benzene Phénol Catéchol Gaiacol
@ 1 2 3
OH o~
OH OH OH
1 et 2 : substitution du cycle aromatique 3 . Synthese de Williamson

Svynthése a partir du gaiacol (Rhodia)

Gaiacol Acide glyoxylique HO COOH /O
OH )
Q 4 O%\%O __AE ___ Oxydation .
o~ o~ o~
OH

OH OH

Sous-produits de la synthése de Reimer

di-vanilline
o-vanilline
/O B - .
Ainsi que restes de réactifs,
O o de solvants, de produits non
O -
OH = o~ oxydés...
OH

Source: La vanilline-dualité synthétique-naturel - Bouthin Bertrand 2005
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VANILLIN SYNTHESIS FROM LIGNIN B srinonte

Sulfite wood pulp process
Ultrafiltration
Lignin enriched concentrate
74% lignin on dry matter basis

Black Liquor
45% lignin / 30% sugar/28% inorganic components

Oxidation alkaline conditions
100-170°C, 02, catalyst copper sulphate

Source: patent Borregaard US 4151207 A (1977)
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The Vanillin Global Market

(Market data 2011)
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Vanillin type Market volume (tons) | Market value USD | Average price USD /Kg
Lignin based 3200 38 400 000 12
Crude oil 12 800 153 600 000 12
natural vanilin 60 36 000 000 600
TOTAL 16 000 228 000 000 14

Source: Frost & Sullivan 2012
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Wood Chips Kraft PUIPIHE Crude tall Qil
Process

- By-product of the KRAFT paper pulp process

- 30 to 50 Kg per ton pulp = 1 800 Ktons/year (2013)

- Composition of Crude Tall Oil (CTO): rosins, fatty acids, sterols

- CTO distillation - Tall Oil Rosin (TOR), Tall Oil Fatty Acid (TOFA), Distilled Tall Oil (DTO)

o 4

9%

Source: AFORCHEM 2013
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VALORISATION OF TALL OIL DERIVATIVES

TOFA & TOR: ALKYD RESINS FOR INKS & PAINTS

(Polyesters derived from the reaction of TOFA with polyols and anhydrides)

TOFA: additives for oil drilling

(corrosion inhibitors)

TOFA: additives for fuels

(lubricant effect)

TOR: tackifier resins

Source: ARIZONA CHEMICAL 2010 Fatty Acids (Raw materials for Hot Met Adhesives)
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- Condensates collected during the KRAFT cooking process

- Composition: monoterpenes C10: alpha-pinene (60 - 65%), beta-pinene (25-35%)

- 40 Kg sulphate turpentine / Ton pulp

- Worldwide production: 235 000 tons = 100 000 tons for the aroma chemicals market

Source: Aroma Chemicals Fridge 2014
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PRODUITS AROMATIQUES

* Worldwide consumption of terpenic aroma: 55 000 tons/year
* Market value: 600 Millions USD (2010)

Region Consumption Percentage
Million Dollars

United States 242 38

Western Europe 213 34

Japan 70 11

China 60 10

Other 45 7

TOTAL 630 100

Source: Aroma Chemicals Fridge 2014
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LIGNANS

SPRUCE KNOTS

7
Cinnea

Extraction éthanol

HMR LIGNAN: HydroxyMataiResinol
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HMR Lighans

Cardiovascular diseases

Menopause "
Nutrition Ne

=l

e
Study shows Linnea’s

HMRIignan effectively
reduces hot flashes in
women by 55%.

Prostate cancer Treatment
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Oligomeric proanthocyanidins

Maritime pine

% DRT

the Best of Nature

e —
"
- T 2 i
' ! - - 5
| - "g_“ H : Pine Bark Extract :
e { Pycnogenol®
OUGO‘"N' { 40mg a
French waritime: i1 rooosummen B

i
£
i

60 capsules

Oligomere Procyanolidine



P rolyeridge VALORISATION DES EXTRACTIBLES
Oligomeric proanthocyanidins

Skin protection

Relieve joint pains
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Hydrolysable Tannins

Chestnut

SILVA

OH
ﬂ\OH
HO X}o o

OH

Ellagitanins
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Condensed Tannins

Mimosa

SILVA

Profisetinidins
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Industrial Applications of Tannins

Die fixing agent

Leather tanning industry

Animal feed
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Wood Chemistry
New Fields of Applications
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Phenolic compounds
AGRO CHEMISTRY

Phenolic compounds

c
9
hd
@©
e
=
5
o NUTRACEUTICALS
Liquid co-products g
Effluents '-g
Condensates = | Aromatic compounds
Q COSMETICS
A a
5
gt Sugar based additives
& DETERGENCE
b
o}
Solid co-products o
Barks > $ | Phenolic compounds
Chips & ANIMAL HEALTH
hd
AN o
-
i
@ Lignins, tanins
o FINE CHEMICALS . :
EXPERTISE EXPERTISE EXPERTISE
Wood & paper chemistry Biomass pre-treatment Molecule Functionalisation
Analytics Clean Extraction processes Life Cycle Analysis

Biomass handling Enzymes technology Market intelligence
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Brand name for wood based chemistry R comezmiment

* LIGNOCELLMARKET overs all actions of the French competitiveness clusters XYLOFUTUR
related to wood based chemistry.

* LIGNOCELLMARKET aims at accompanying the wood converters (forest/wood/paper)
in the valorization of this specific biomass for the chemistry industry

* The development of the wood chemistry initiative LIGNOCELLMARKET is supported by
the research organization PolyBridge®.




LIGNOCELLMARKET initiative
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the cluster XYLOFUTUR in AQUITAINE
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Activités en
e
Agquitaine

AQUITAINE is not only a Wine Region........
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the cluster XYLOFUTUR in AQUITAINE

LiMOWSIN
PARIS
PQITIERS:

CHARENTES

E00 ¢ plut
©m

Sewly sont reprévemids e drbiiements

d'une cemiaime de salaris of plar
AN SLOASTIIM
I !ndusiric papetibre
[ Vodwstrie dantiches en papier
% en carlon
Industrie du bais of d'articles
INEEE et SERST E i bl

ESPAGHE

... but also a Dynamic Forestry & Wood Industry Region
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Major Paper Pulp Manufacturers

Gascogne
Paper
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Major Wood Converters
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Organisme de Recherche agréé CIR

Large Scale Wood Biomass Bio-Refinery
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Large Scale Industrial Expertise in Extraction Technologies

2 ORT berkem)

AN BIOLANDES



G 2oerisse Match-Making Activity
~ Create aBRIDGE between « Chemists » & « Wood Industry »
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A strong network in the world of academic research

lermab

S/ r % ;’ HOCHSCHULE E
: \ WEIHENSTEPHAN-TRIESDORF
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Critthois SKZ

L—fﬁ’ia TUTI

. B TECHNISCHE
ﬁﬂ]’ﬁmbﬂﬁ'ﬁ.u g UNIVERSITAT
MUNCHEN

QMo

e CCo

centre fechnique
du papier
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4 Build-up Bridges between the Wood & the Chemical Industry

* Organisation of cross-regional tours for up-stream and down-stream companies in
Aquitaine and in Spain.

* Participation to workshops to identify new project trails

* Elaboration of mutual R&D projects

* Elaboration of mutual industrial Projects

Xylofutu
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Building Bridges between Forestry & Chemistry

Support European Bio-Economy Programs

THE OLIGOLIGNOX PROJECT




OLIGOLIGNOX Project 'g_ olyBridge:
A Market Pull Initiative

Technology push vs. Market pull

Technology push
Research & .
* * m » Need?

Market pull (demand pull)

Expressed

Research & .

Developement * Production * » Market
Need

' Yeah, but it doesn’t -

Wait... | have this
meet our needs!

great technology! —
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Voice of the Downstream Markets

Outer Immobilized
Package active agent

Bio Bitumen

Food

“oodddodol>

Covalent linkage
(D)

Bio-resins for Wood Panels .
Insulation PU Foam
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2G ETHANOL KRAFT ORGANOSOLV ACETOSOLV GRASS or HGS
LIGNIN ? LIGNIN ? LIGNIN = LIGNIN Bem LIGNIN ==
Industrial Partner Industrial Partner Academic Partner Academic Partner Academic Partner
Catalytic Oxydation Base Catalyzed degradation Enzymatic Treatment
Academic Partner Academic Partner mmm Academic Partner g 1
Separation & Purification of Lignin Fractions
Industrial Partner ?

BITUMEN & WATER PROOFING PU FOAMS & INSULATION BIO-ACTIVE PACKAGING BIORESINS & WOOD PANELS
Industrial Partner | i Industrial Partner || i Academic Partner == ] |} Industrial Partner 5=
Academic Partner | |} Acadelmic Partners s B Industrial Partner 2 Academic Partner mma

LIGNIN CARBON FIBERS BISPHENOL FREE EPOXY RESINS
Industrial Partner ) Industrial Partner

Academic Partner ° Academic Partner
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Industrial partners we are looking for.....

* |dentify a PAPER PULP producer interested in valorizing KRAFT LIGNIN.
* Integrate their eventual PACKAGING UNIT to validate the bio-active packaging materials.
* Identify a 2G CELLULOSIC ETHANOL producer interested in valorizing its LIGNIN BY-PRODUCT.

* |dentify a FIBER CARBONE producer for the development of LIGNIN derived CARBON FIBERS for
STORAGE ENERGY applications.

* |dentify an EPOXY RESIN producer for the development of BISPHENOL A free formulations.

* |dentify an EQUIPMENT producer having an expertise in PURIFICATION and SEPARATION technologies.
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“ We must become the change we want to see”.

Gandhi
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