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WHAT IS BIOMASS?



Biomass

Wood

— 75% of Finland is covered with forests (67%+8%)

Non-wood
— Grown for energy or material
Algea

Forest residues, as branches, roofts, stubs, ...

Agricultural residues as husks, straw,...

Industrial residues as citrus/apple peel, nut shells, ...

Household waste
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AVAILABILITY OF BIOMASS (WOOD)



The growth of Finnish forests is over 100 mill. m3 per year
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() Finnish Forest Industries SOURCE: Luke 3.3.2021
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Collapse of Finland's
carbon sinks —

Less growth of forest
and increased
harvesting 2021

Klimat Meny v

Nya siffror bekriftar kolsdnkans kollaps — skogens tillvaxt var mindre och
avverkningen storre 2021

(3 Publicerad 14.12.2022 13:37. Uppdaterad 20.12.2022 14:35.

Finlands klimatmél 3r beroende av att kolsinkan ar stark. Ocks3 EU stiller krav pa att utsldppen frén Finlands markanvandningssekzor ska minska.
Bild: Jakob Lillas £ Yle
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How can we restore/keep the i
carbon sinks?

By stop using wood and stop all forest harvesting?
“Save a tree, use steel’e

Significantly less harvesting will lead to less growth of forests and less
carbon capture

Improve growth by e.qg., fertfilization

Sustainable forestry needed
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® Metsdn kasvun hiivuttua ®m Kestda tyypillisesti noin kymmenen vuotta, ennen kuin

se sdilyy hiilivarastona. metsdekosysteemi kddntyy avohakkuun jilkeen jélleen hiilinieluksi.
® Kasvaessaan metsi ®m Harvennuksissa pyritadn parantamaan Aika riippuu puun kasvunopeudesta ja metsan viljavuudesta.
toimii hiilinieluna eli sitoo hyvélaatuisten jareiden puiden kasvua, mutta Ennen kuin avohakkuun aiheuttamat maaperdpaastot on
ilmakehan hiilidioksidia. voimakkaat hakkuut heikentévat hiilinielua. kuitattu, kuluu vield arviolta toinen vuosikymmen.

® Avohakkuun jalkeen metsén hiilen-
) 38 sidonta on olematonta, koska pienet
ol taimet eivdt sido merkittévasti hiilta.
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The Nordic forests are
most effective in carbon
capture when it is 30-60
years

Teknikka ja Talous 3.2.2023 ’



Forest
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teragrams of
carbon

Fires
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Decomposition

233 TgC
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and burning. Wood products act as a temporary
carbon sink, and can substitute for fossil fuels.

Soil carbon sink

Wood
harvest

92Tg C

Rising am
COMPoLn
mature for

Wood-product
decompositon

87TgC

In 1990-2005, Europe’s 1.5 million square kilometres
of forests absorbed about 100 teragrams of carbon
more each year than they released, or 10% of the
region's fossil-fuel emissions. Carbon is abscrbed by
growing trees and is released during decomposition

product sink B

Wood- "‘*"‘
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5TgC

Credit: S. Luyssaert et. al., www.americanforests.org/blog/forests-carbon-sinks/
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River carbon flux
15T¢C

10.11.2020
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Summary - Availability of biomass (wood)®==

We should take care of our forests, and use them in a sustainable way
 Many different types of forests needed

— Managed forest to produce renewable material

— Old-growth forest to preserve biodiversity
We should not harvest more than the growth
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ALTERNATIVES FOR THE USE OF
BIOMASS



Txtles

Paper, board, packages

> [,

Pulp mill

i-PrOH soluble lignin-PF adhesive
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ngmn as resin Blorefmarles

T Composites
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pharmaceuticals,
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material Sawn goods . Tall oil products



Fibres — what are they and e
where are they used?

Sofwoo fires Paper, board and packages Composites



Composites

«  Fibres andresin
— Terrasses
— Car parts (doors, etc.)
— Others

The new kitchen utensils c‘ LA POU LRI LI PIasuic LUUSiy. || TaETismdau i s
sterial. Ph
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Novel packages

« Barrier properties with renewable additive:
as nanocellulose

« Conduction properties
 Smart packages

— Ripe Sense®: changes colour by
reacting with the aroma of the fruit,
smart design,...

«  Communicative packaging — bar- and
QR(Quick Response)-codes

"
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WOOD COMPONENTS
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Components in wood /A
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Extractives 2-5 %

Lignin 20-30 %

Cellulose 40-45 %

Larch Hemicelluloses and
Data from pectins 25-35 %

PaperSci&Tech



Polysaccharides — what are they?

Cellulose 40-45 % Hemicelluloses and
pectins 25-35 %

(an) (Man—WVan) (Man—Man)

@ecicd
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Polysaccharides — where are they used?

Tencel/lyocell
crest Wood Pulp Fibre Yarn . Fabric End Product
AT =
%A \y
X
.-,.-Z-L” lﬂ% -..
it B - r
e -
Textiles Cellulose derivates Xylitol Bioethanol
Viscose, rayon, tencel,... Cellulose acetate, CMC,... (jenkki.fi) (pixabay)

(albinigroup.com) (classicspecs.com)



greenconsumerproject.org
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Textiles from wood-based sources or /%\
reused textiles ;§
P

University

Tree

Textlle

Traditionally: Viscose and Lyocell

Many Nordic newcomers with improved technology:
— Tree to textile, https://treetotextile.com/
— Infinited fiber company, https://infinitedfiber.com/
— Renewcell, htips://www.renewcell.com/en/

— Others including Spinnova, loncell, VTT+TUT (Biocelsol), Fortum (Bio2 ™Textile), Metsa
Spring (Kuura), Sédra (OnceMore) sl



https://treetotextile.com/
https://infinitedfiber.com/
https://www.renewcell.com/en/
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Cellulose derivates

«  Wettex wet wipe
— Regenerated cellulose and cotton fibres
« Cellophane

« Cellulose acetate 2 frames of eyeglasses, textiles,
cigarettes, wound dressings

« Carboxymethyl cellulose




Wood-based ink for use in 3D printing
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Metacrylated GGM (GGMMA)

Scaffolds with different stiffness

Wenyang Xu, PhD 2018
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3D printed constructs in o o
complex geometry
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Lignin — what is it and where is it used?

VANILLIN-
SOCKER

Wood vanillin Dry wall/plaster board

Balakshin et al. (Borregaard.com, oetker.com) (puutoimi.fi)

Green Chem., 2020,22, 3985-4001

27
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3D printing

« Lignin and PLA (polylactic acid)
*  More than half of PLA can be replaced with lignin

FONGHRTRT
sMEdstl e ittt

fii




Ul o, DIVCRUTIVITTT L) LAl ./."\\ RETHIT ULI PTULESoLERT A S TUVS.U ARaUdtciitioih el 7R vicuicitiodvylib al £V s A A dutcliudifag ja “cillidolc A - SUJia Lhisu alia rcaus - g e SN

@
O

(s O E] https://www.storaenso.com/en/newsroom/news/2022/9/testing-bio-asphalt-in-finland B %
[a)
Contact Products Sustainability = 6 Q
MAIN MENU INTERNATIONAL SEARCH
storaenso
K Abo Akademi
> 5 : University
Sto ra E n So a n d Pea b * Contact Products Sustainability

storgenso

» Asfalt test wood-based | ;
binder in asphalt

STORA ENSO AN

Svevia paves with
climate-smart lignin-
based asphalt in Habo,

the fossil-based bitumen has been replaced with renewable lignin from wood. Lignin, one of the main building 't ' sweden

Stora Enso and Peab Asfalt paved an area of the Sunila pulp mill in Kotka, Finland, with asphalt in which part of

blocks of a tree, is renewable and bio-based, and can be used as a responsible alternative for fossil-based O

nders in bitumen, for instance.

O Tl o i i i i i | GEENE = GRSV NP NCSOPORMESIRIVE PRI SO S [SENIUSIREIP NP OING B o3 | SUTIRSIIOSICRIIORE [ S5 0 G G o T SURROLY aFRRESNE] BRIl D BIORY O L{ | EPRIRRSS. B o SSVRNICIERINON, 3 (TSI | P RSN 1 e

Swedish road and infrastructure operator Svevia continues collaboration with Stora Enso in paving with lignin-
based asphalt. The stretch, which is 1,7 kilometers long, is the longest stretch in Sweden that is paved with a
climate-smart asphalt, where part of the fossil-based bitumen has been replaced with renewable lignin.

Lignin is a polymer that is part of the cell walls of plants and that gives wood its stiffness and mechanical strength. The
properties allow lignin to replace part of the fossil cil-based binder called bitumen that is found in asphalt. Stora Enso’s
lignin, Lineo® by Stora Enso [2, comes from Nordic forests with traceable origin, and is produced at Stora Enso’s Sunila
Mill in Finland. Stora Enso is the largest kraft lignin producer in the world.



Lignin solvent fractionation

R

Birch Technical BLN birch lignin
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Wood composites glued with
lignin phenolic resin
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(b) LPF-Plywood
A revolutionary bio-
based furniture board,
joint development by
Koskisen and Stora
Enso

Coating ‘

Cold-press “ Hot-press

L. Wang et al., 28 h boil-dry-boil

(d) i—Pl‘OH-S fraction Koskisen is a Finnish wood industry company producing sawn timber and panel products, such as

A CS Class I plyWOOd furniture, and construction boards made of chip board. Koskisen uses Stora Enso’s bio-based binc
- by Stora Enso, to replace fossil-based resins used in furniture boards. Both the furniture board raw

Sus tain able the binder are made of wood and sourced from the production process flows of both companies. T

all raw materials of the Zero Furniture Board being bio-based.

Chem. Eng. | B (‘::1
2020, §, 35, B " Bonding strengt

13517-13526

Wood failure
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Extractives — what are they?

Volatiles Oleoresin Fats and waxes Phenols

Fragrance Protection Energy source Protection
(purensoselect.in) (pixabay) (pixabay) (Pinosylvin)



Tar

Impregnation
(yle.fi)

Wood turpentine
Solvent

Abilartes wiauus

Resin salve

Treatment of wounds etc.

(repolar.com)

Pi:.h.kcmlm + Kédsalva 209

Flytande gron sapa

i=SAPE |
Flytende grannsape

= SABE

Flydende gran szebe

+ MANTYNESTESAIPPU!
Vihred mantynestesaippt?

Tall oil soap



Tall oil

Paper Pulp

Crude Tall Oil (CTO)

CTO Bio-Refinery

Fuels TALL OIL HEADS

TALL OIL FATTY <>
ACIDS

Soap, Detergents,
Cleaners, Asphalt

emulsifiers, Adhesives,
Paints, Coatings

DISTILLED TALL

Lubricants

size, Adhesives
and Rubber
emulsifiers

TALL OIL PITCH

Extraction - Ssterol N

Pitch fuel for energy

i

er. hal T
Emulsifiers, Oil field ‘

4
u Rubber emulsifiers, \

' A
TALL OIL ROSIN ‘.!]
Ink resins, Paper



Lignans

Sold as dietary supplement
Regulates hormone balance

4

Lignans for L]f_e

. CONCENTRATED

HMR

L LIGNANS

.mmmnmmmﬂ

' ,» oL MIURAL HORMONE SUPPO.

ETARY SUPPLEME
90 CAPSULES
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AND MANY MORE PRODUCTS
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Summary

 Should we use biomasse

« YES!
« Are there infinite availability of biomass?
« NOI

What should biomass be used ase
« High-values materials and chemicals, as last stage to produce energy

37
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EWLP 2024

17™ European Workshop on
Lignocellulosics and Pulp

~ 26-30 AUGUST 2024
Abo Akademi University
Finland

anncunced i auturmn 202
For furthier informotion.
please email us at

Abo Akadem|

naturrmaterialteknik Undversity
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