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MISSION
Through
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VALUE AND
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solving local and global
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Changes in the operating environment

DECREASING NATURAL

There are many RESOURCES GLOBALISATION
expectations and demands CHANGES IN CLIMATE

. AND BIODIVERSITY
for the forest resources:

- not everything can be

NATURAL POLICIES
fully met, but LOW-CARBON RESOURCES RELATED TO
INTELLIGENT R':QJSEQELS
: CIRCULAR
—> science-based ECONOMY
knowledge & data
enable holistically
sustainable decisions T RANSFORMATION.

TRANSFORMATION
OF WORK
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Carbon negative targets by 2035

BIOS article:
* low-carbon roadmaps require 140 Mm?3 of biomass

In terms of wood production, the highest level of fellings that
can be maintained is approx. 80 Mm3

What else?
Frugality
e Less is more ~:5 E”efgy Strategy Reviews
sl wu"”‘“'Maﬂﬂ?%mnaas
» Recyclability
. Sectoral )
. Cha ngeablllty IbrESirIJ{i(ii‘:v carbon roadmaps and the role of
4ss 1n Fin]
. Longevity target mland's ¢ irbon neutmllly2035
* Sidestream & waste-based solutions L
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Bioeconomy strategy targets by 2035

Suomen biotalousstrategia

Kestavasti kohti korkeampaa arvonlis3d

- maa-Ja
apefus- Ja kultttuunministerd, sostazli- Ja terveysministerta,
INkenne- Ja viestintzministesid, valtiovarainmintstert,

» The main goal of the strategy is to increase the added
value of the bioeconomy

* The goal is to create economic growth and jobs based
on sustainable solutions by producing products and
services with the highest possible added value

* The value added of the bioeconomy was 26 billion euros
in 2019. The goal is that the value added of the
bioeconomy in 2035 will be 50 billion euros.

» The strategy does not argue on the amount of production
but strives to produce an even higher added value.

Suomen biotalousstrategia
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The target of the forest sector in 2035

" Target 2035

2019

Bioeconomy and delivary

services 0,5 mrd. €
Bioeconomy 2,1mrd. €
o, Energy
13 % 2,1 mrd. €

Other industries
3,6 mrd. €

208

mrd. €

Value added

sector
4,3 mrd. €

Luke oLuoNNONVARAKESKUS

Forest sector
“‘ 9mrd. €
mrd. €
Food products '

Water purification

Whole bioeconomy

26

Construction
4,6 mrd. €
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Forest sector
17 mrd. €

Whole bioeconomy

50

mrd. €



Need for new supply of biomass and
rethinking of sustainable value-chains for

bioproducts -
the rapidly changing world challenges the

security of supply
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Comprehensive use of wood biomass

New upgraded products
utilizing all wood-based
components are needed

to increase our resource [%
efficiency and added

value of the forest sector. Hemicelluloses - Bioactive
i 2035 components
; i Cellulose
Speciality cellulose
| - Textiles

Hydrocolloids

o Food, Feed, Pharma

A Dispersion agents for
chemicals
0000

Lignin

18-30% wood (40-55% bark)
Energy production \

Coatings
Glues Q
Platform chemicals Gt

Lignin *

Extractives

Biochemicals

Extractives

2-5% wood (2-25% bark) @
Tall oil

0000

Turpentine

Hemicelluloses .« =
15-35% wood
Burnt for energy
Degraded
Low value
Paper and pulp
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Cellulose =D

40-46%wood (=3 |
Paper and pulp U

Nanocellulose



Research towards high added value products,
services, and business

*  More from less

5700-? €/kg

100-3000 €/1

9-400 €/L »  Circular-by-design

160 €/kg
« Carbon smart

* Holistic sustainability

* New, cross-sectoral value chains

Conifer bark Powders Food Cosmetics Pharma-
ingredients ceuticals

PRICE DEVELOEMENT. Added value products .
Biorefining, cascading use . . Upcycling,
Primary production and services, hybrid .
principle . downcycling
materials

LUke © NATURAL RESOURCES INSTITUTE FINLAND Hokkaido Finland Week — Forestry Day 2022 9



FOREST MANAGEMENT
TREE SPECIES
BREEDING

RESILIENCE

X
. iain

SAW MILLS PULPING ENERGY

BIOCHAR

BUSINESS

Il BUSINESS MODEL
SIDE STREAMS ENERGY ? B Luke's role

Il Current products

WwoOOoD
PRODUCTS

« QUALITY EI'?SFE(IN Bl Research / Scale up
* UPGRADING . HEMI
. OTHER CELLULOSE
POTERTIAL CELLULOSES TEXTILES

BASED PRODUCTS

+ EXTRACTIVES

* markets * biorefining potential * value addition
* volume and value chains
+ market pull
* production volume
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Upgrading cellulose: wood-based textile value-chain

.................................................................... TARGET coocvreeemiomim ettt
j— === - NEARFUTURE ---- - |
! NOwW |
| — 1
| oadn | |
| |
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2 | :
Pl BIOMASS FIBRES TEXTILE FIBRES | YARN TEXTILE CLOTHES
2 | : : : :
Lo ]- I - L
rteereeernrernnerrnneennesseees @eeredreneerniienienaerenierne . .|.....
I : : :
ENBALERS E.G.: / v ¥ ¥ A4
+ Education, research, knowhow;; EXPORT

of expertize

* Services
* Raw material availabality
* Logistics and digital solutions

* Energy supply

O
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Use Of WOOd in b“ilt Education
environments pe i e

Product longevity

Long-term

durability,

and Carbon content Wood health Sidestream usage biological
Industrial impacts and added value and weather

resistance

construction

concepts Availability
Integratiop of and biohybrid Toel e
Repairing of “ond green Functionality products and health
constructions infra- and
. structures performance
Modular / multiuse Urban Business

recreation models

buildings .
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Saw milling side streams

L pananiaiata i it
E ki eI I

&y
NNYN]

NVl

SAW DUST

SHRINKAGE LOSS
11,7 % 9,4 %
e )
Pt
AT SURFACES 2,2
ATETET TR
BARK SOLIDS
0 15%
8,7 % ASHO0,2%

Hassan, M.K., Villa, A., Kuittinen, S. et al. An assessment of side-stream generation from Finnish forest
industry. J Mater Cycles Waste Manag 21, 265-280 (2019). https://doi.org/10.1007/s10163-018-0787-5n
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Hemicelluloses
as
hydrocolloids
for food and
feed products

Added
value
chemicals



Visioning across (sectoral) boundaries

The cross-sectoral production chains:

—> a great opportunity for the new
business

- but bottlenecks in building of new
networks and chains of actors

Biohybrid materials

Unconventional uses

®© NATURAL RESOURCES INSTITUTE FINLAND StAB Circular Bioeconomy, June 2022



Biohybrid products for (re)construction

BF Co-innovation building on the way (PIl: Marja Lehto)

EATHERPRODUCT ' Wood

processing Plywood/LVL/WBPs/packaging

a industries
hy ——0> On —»
4

Biobased adhesive system R-to-B, TRL 5,
patenting on the way (PI: Anuj Kumar)
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Functional material solutions from Finnish forests

Antivirals from forest biomass: structure, function, and applicability
09/2021 - 08/2025

Forest
Consortium PI Tuula Jyske, Luke team: Petri Kilpeldinen, Jaana Antivirals
Liimatainen, Jenni Tienaho, Riikka Linnakoski, Hanna Brannstrom

Sub-project leader Varpu Marjomaki, JYU //

-~

What are the antiviral mechanisms and structure-activity -relations of antiviral and
antimicrobial extracts and preparations of bark and fungal biomass?

o ¢

WP 1: Optimizing methods WEL Chefnicd) WP 3: Identification of W3- Activity
e characterization & = X maintenance & u e
toobteln A Vil S structure -activit ) =htiviialmschianisins optimization when RAL RESCURCES JYVASKYLAN YLIOPISTO
antimicrobial fractions . 5 y JYU, collab. SA, France, Pt s INSTITUTE ERLARD UNIVERSITY OF [YVASKYLA
Luke, mob. Italy, JYU interlinkages Luke, mob. tike mob. A immobilized
’ z ’ \___ UTU, mob. USA, JYU \& g : /\_JYU, mob. collab. SA, Luke
Figure 1. The ForestAntivirals research premise, WPs, roles of partners, collaboration (collab.), and mobility (mob.) in Italy, ,‘ SUOMEN plaTEMIA
the University of Turku ( UTU) in Finland, the USA, France, and South Africa (SA). ACADEMY OF FINLAND

StAB Circular Bioeconomy, June 2022



Development of bio-based materials for driving
towards sustainable facemask production and
reduced environmental impact (BIOPROT)

Luke and JYU role;

* Novel
for face masks and other
material surfaces

| ™ BIOPROT
Luke coordinator: Tuula Jyske BUSINESS Q T

JYU WP leader: Varpu Marjomaki
StAB Circular Bioeconomy, June 2022 FINLAND e T

UNIVERSITY OF JYVASKYL A



" that stops virus’ infecti

-~ cosmetics and sustainak

-We offer fully bio-base

New market opportunit
and disinfection industr
Offers alternative for tra

disinfection and functio

Riikka Linnakoski
rilkka.linnakoski@
+358 9 532 2289




Cascade processing of biomasses

) Comprehensive

utilization
digestion

hot o ° .
Hot water water o ‘eegeoe e
extraction exltnraarckted 0% di aeg?ate
residue o0 .. ® :

Tar free
pyrolysis
conden-

Polyphenol
rich Fraction

No generation of

hot
water
exlt)raarckted hew waste streams
residue Biochar,
gas and tar
fractions
Slow
pyrolysis

Rasi, S., Kilpeldinen, P., Rasa, K., Korpinen, R., Raitanen, J.-E., Vainio, M., Kitunen, V., Pulkkinen, H., Jyske, T. 2019. Cascade processing
of softwood bark with hot water extraction, pyrolysis and anaerobic digestion. Bioresource Technology 292: 7 p.

© NATURAL RESOURCES INSTITUTE FINLAND Assess4EST WP5 Workshop - 25 Jan 2023



Circularity: forestry side-streams to plant protection

Suberic Fatty Acids

Carbon Foams

-
|

Hot Water
Extraction

o e - |

Alkaline Alcohol
Extraction

Wood

Thermochemical
Conversion

Pesticide
Applications

B

—
i |

Biomass
Residue

? frontiers
in Chemistry

ORIGINAL RESEARCH

=

Pyroligneous Acids of Differently
Pretreated Hybrid Aspen Biomass:
Herbicide and Fungicide Performance

Pasi Korkalo'*, Marleena Hagner®*, Janne Jénis*, Marko Mékinen*, Janne Kaseva®,
Ulla Lassi®, Kimmo Rasa® and Tuula Jyske”

© NATURAL RESOURCES INSTITUTE FINLAND
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Circularity: fiber sludge from forest industry to farms

Fiber sludge, from side-stream to new product

; _ Pulp&PaperO‘ e
Industry iab -
Soo 'R%s M, e H — -

Composting

Business F FIBER-LOGISTIC
O**~00

Dissemination

Farmer &
env.

Pulp and
paper mill
fiber sludges
in agricultural
water
protection

Soil struoture
+ Carbon + Nutnwntleachmg

DD\O

Contact: Kimmo Rasa, kimmo.rasa@|uke.fi
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Food- & feed ingredients from forestry side-products

Article

Sprouts and Needles of Norway Spruce
(Picea abies (L.) Karst.) as Nordic
Specialty—Consumer Acceptance, Stability of
Nutrients, and Bioactivities during Storage

Tuula Jyske '*, Eila Jirvenpii 2, Susan Kunnas !, Tytti Sarjala 3, Jan-Erik Raitanen 40,
Maarit Miki 2, Helena Pastell ®, Risto Korpinen ', Janne Kaseva ? and Tuomo Tupasela 2

Biomass Comversion and Biorefinery
hittps/doi.org/101007/513399-022-02624-9

ORIGINAL ARTICLE (®

Stilbenoids of Norway spruce bark: does the variability caused
by raw-material processing offset the biological variability?

Tuula Jyske' - Hanna Brannstrom? - Eelis Halmemies? - Tapio Laakso' - Petri Kilpelainen' - Juha Hyvénen? -
Katri Krkkainen® - Pekka Saranpas’

Received: 26 January 2022 / Revised: 17 March 2022 / Accepted: 18 March 2022
© The Author(s) 2022

Article
Tannins of Conifer Bark as Nordic

Jan-Erik Raitanen !~
Petri Kilpeldinen

Eila Jarvenpai

’

https://www.youtube.com/watch?v=0s5nFp8 iEs&feature=emb title

7, Risto Korpinen 1, Sari Mikinen 3, Jarkko Hellstrom 3,
", Jaana Liimatainen !, Ari Ora !, Tuomo Tupasela ? and Tuula Jyske *
P y

European Food Research and Technology (2019) 245:1387-1398
https://doi.org/10.1007/500217-019-03273-5

ORIGINAL PAPER

Spruce galactoglucomannan-stabilized emulsions as essential
fatty acid delivery systems for functionalized drinkable yogurt
and oat-based beverage

Fabio Valoppi'2® - Ndegwa Maina' ® - Marja Allén’ - Roberta Miglioli'> - Petri O. Kilpeldinen* -
Kirsi S. Mikkonen'2®

Food Chemistry: X

Volume 5, 30 March 2020, 100074

ELSEVIER

Active food packaging through controlled
in situ production and release of hexanal

Mari Lehtonen * ' &, Sonja Kekalainen &, Ida Nikkila * &, Petri Kilpeliinen ®&, Maija Tenkanen * ©
&, Kirsi S. Mikkonen * & &

Food and Chemical Toxicology

Volume 153, July 2021, 112284

ELSEVIER

Piquancy—Sustainable Preservative and Aroma?

Toxicological and bioactivity evaluation of’
blackcurrant press cake, sea buckthorn
leaves and bark from Scots pine and
Norway spruce extracts under a green

integrated approach

Hokkaido Finland Week — Forestry Day 2022



https://www.youtube.com/watch?v=Qs5nFp8_iEs&feature=emb_title

Luke MonoCell -process

Food from wood residues Lignin

Pre- X
hydrolysis @l Cooking

Hemi-
cellulose
extract

Nitrogen
and

Fish farms nutrients

Single cell micro B
organisms Mineral
acid ik

Sawdust Saccharification
Cell culture
o Protein manufacturing

Single

cell
protein

Hydrolysis

Y sugars

Contact: Risto Korpinen, risto.korpinen@|uke.fi

Hokkaido Finland Week — Forestry Day 2022
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Knowledge and research across value chains

Cascade

processing
Added value

use of

Sourcing and
biomaterials

Characterization (el

of biomaterials

Regulation &
commercialization

3

Functionality,
product
prototypes,
customer
acceptance, LCA
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Co-creation, customer services, data and tools

CO-CREATION!

CO-INNOVATION!
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Summary

* Not all expectations related to biomass can be fully met

« The wood to be used as comprehensively as possible, to
be used multiple times (cascade use): less is more, more
from less

« Biomass to be used for essential goods — what are they?
Also: consumption reduction.

« Self-sufficiency and security of supply:

« Side streams to be processed into added value
components with the latest technologies,

* New opportunities in value chains that cross
industry boundaries.
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