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A symbiotic industrial ecosystem

Trees are grown for houses: the rest is made with residues and recycling
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This is enough to build an
8-storey apartment building

64 apartments (65m’ for a total of 128 residents)

2000 m° of sawn wood products’

: . L : driving with biofuels
Sources: Swedish Forest Industries Federation, Sddra, Cepi per household

*Ta produce 2000m timber, 6000m’ round wood is harvested

Calculated with residues from wood working industry and average EU paper recycling performance and average EU consumption data.



Polekivi (mittetaastuv)

Aastane kaevandamismaht

10,6 miljonit tonni

24% sellest on orgaaniline materjal

2,5 MILJONIT TONNI

Puit (taastuv)

Aastane raiemaht

6 — 6,6 miljonit tonni

55% sellest on orgaaniline materjal

3,3 MILJONIT TONNI
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OUR WAY

LIGNIN

energy

low-quality
—) hardwood &
forestry residues
“Ab pulp / paper
sawmills/ - plywood
plywood industry processing 95%
residues @Oa water reuse WOOD SUGARS
BIRCH

; l ! 100% renewable energy

= SPECIALTY CELLULOSE
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Technological breakthrough

COMPOSITION OF WOOD
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Innovation Beyond
Borders

Fibenol and Sunburst™

pre-treatment technology
Empowers Global Hardwood
Valorization

— Process: temperature + pressure + mechanical force
— Result: chemically unmodified, high-purity products

+ibenol




Technology: SUNBURST™ pre-treatment

Input: flaked wood
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Process: temperature + pressure + mechanical force

Feedstock deconstructed in 20 seconds

+ibenol Result: chemically unmodified, high-purity products



C5 SUGARS C6 SUGARS LIGNOVA CRUDE

ENZYMATIC
HYDROLYSIS

LIGNIN CELLULOSE

CAKE (LCC)
PURIFICATION CRUDE MCC BLONDE MCC WHITE MCC REFINED DRY WHITE MCC
WHITE MCC

SEPARATION

SEPARATION

SUNBURST™

RESIDUAL
HARDWOOD

By-product:
LIGNOVA PURE






C5 CELLULOSIC SUGAR C6 CELLULOSIC SUGAR

7%

1% 2%3%

2%

3%

5%

53%

- looking for non-conventional microbes & conversion processes for valorization

- compatible with most conventional dextrose-based production processes

B 6 carbon sugars

B 5 carbon sugars

B Oligomers

B Organic acids
Ash

M Lignin







Cellulosic sugars for industrial
bioprocesses

Use-case of Bio-BDO

e (6 sugars fermentation

* Bio-BDO - the building block for
biodegradable and compostable bioplastics

/ The VEHICLE project received funding from the Bio-based Industries Joint
Undertaking under the European Union’s Horizon 2020 research and innovation

7 @
e NOVAMONT v E H I C L E programme under grant agreement no. 837866



use-case in
biosurfactants

Applications in home & personal care,
industrial cleaning etc
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LIGNOVA properties

Hardwood (birch)
Near native structure
Low sulphur

No malodor

Solid content 50-97 %

Particle size d90 = 100 — 250 um

LIGNOVA o
LIGNIN % 85-92
CARBOHYDRATES % 6.3
MONOMERIC % 1-6
POLYMERIC % 1-6
ASH % <1
NITROGEN % <1
SULPHUR % <0.2
MOLECULAR 50

WEIGHT (kDa)

LIGNOVA:u:
LIGNIN % 92 -96
CARBOHYDRATES % 1.0
MONOMERIC % 1.0
POLYMERIC % 0.0
ASH % <2
NITROGEN % <0.5
SULPHUR % <0.2
MOLECULAR 50

WEIGHT (kDa)



Use-case with Lignin
Industries & LIGNOVA™

Lignin Industries applies lignin LIGNOVA™ to produce
RENOL®, a renewable and functional thermoplastic that
replaces fossil plastics, significantly reducing CO,
emissions.

RENOL® can be used in various plastic applications such
as PE, PP and ABS.
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Carbon-neutral road project, June
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FUTURE: carbon storing roads

HOW?

Carbon-neutral road




LIGNOVA™

Lignin bioaerogel provides

and
within the tiny nanometer-sized pores
compared to conventional insulation
materials.

aerogel-it

/ ’84&\\‘&\

Y -
Rt EX98 el wﬁk‘. . &w







MICRO-
CRYSTALLINE
CELLULOSE

Key Features of MCC:

1.Enhanced Barrier and Mechanical Properties
Improves paper and thermoformed product performance.

2.Versatility with Fibenol Lignova
Combines cellulose with lignin for unique properties.
3.Small Particle Size
Perfect for barrier coatings.

4.Sustainable and Compliant
Biobased, Biodegradable, Repulpable
FSC Certified, SUPD Compliant

5.Regulatory Compliance
Certified by BfR and FDA standards.

6.Rheology Modifier

Enhances the viscosity and stability of paints and construction materials.
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BLOND WHITE
CRUDE BLOND WHITE Refined WHITE

APPEARANCE Paste Paste Paste Paste
CELLULOSE CONTENT wt% 60-70 75-85 90-95 90-95
LIGNIN CONTENT wt% 20-30 5-10 2-5 2-5
HEMICELLULOSE CONTENT wt% 1-2 1-2 1-2 1-2
INORGANIC CONTENT wt% 3-5 2-3 1-2 1-2



PAPERS AND BARRIERS ENERGY STORAGE

RND INSTITUTE RHEOLOGY

FOREK®
FAST FORWARD FROM

FOSSI LS TO B I O BAS E D RND INSTITUTE WOODMASS

WOODCELL

LISTESS

RND INSTITUTE LCA AND SSBD
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About REDYSIGN

IS a European project focused

on the development of resource-efficient
processes dedicated to the production

and circularization of a biobased,

and smart fibre-based
packaging (FBP) alternative for fresh meat

recyclable

distribution as a substitute for current non-

circular multi-plastic solutions.

15 7 5 4

COUNTRIES MILLION EUROS YEARS
BUDGET

PARTNERS

radysign



Environmental Impacts of LIGNOVA, C5 and C6 sugars

GWP of Fibenols products
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Product Category Rules
(PCR):

UN CPC code:

Declared unit:
Software:

Allocation:

Primary data:
Secondary data:

Method:

Cut-off rules:

PCR 2021:03 Basic chemicals (v 1.1)

3413 Phenols (= lignin defined as main
product)

1 ton dry matter of product
SimaPro 9.5

mass (dry), energy production based on
exergy

operational data from 2021-2023
ecoinventv3.9

EPD Method EN 15804 (in conformity of
ISO 14025)

no cut-off rules applied

Link to EPD: https://www.environdec.com/library/epd9726



https://www.environdec.com/library/epd9726
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\ Flagship plant
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mailto:Peep.pitk@fibenol.com
http://www.fibenol.com/
https://www.linkedin.com/company/Fibenol
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