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Agenda

9:30 Registration & coffee & welcome

Abo Akademi
10:00-12:00, Chair: Patrik Eklund University
. Introduction to LigninReSurf, Chunlin Xu and Patrik Eklund, Abo Akademi University (AAU)
. Fractionation of lignin, Luyao Wang and Minette Kvikant, AAU
. Lignin-based latex and coatings, Luyao Wang, AAU
. Lignin copolymers, Rupali Rajendra Bhadane, AAU
. Lignin composites and 3D printing, Ellen Sundstrém and Oskar Backman, AAU
. Industrial perspective and Ecosystem - ExpandFibre, Katariina Kemppainen, Metsé Group and Gomez Millan Gerardo, Fortum, (online)

12:00 — 13:15 Lunch (on own cost at cafeteria 1st floor) and LigninResurf additional Steering Group meeting (room 602)

13:15-17:00, Chair: Chunlin Xu

. Circularity aspects of lignin research, Timo Leskinen, University of Helsinki
. Al-driven Experimental Materials Engineering, Milica Todorovic, University of Turku
. Introduction to CoaST at DTU and highlights of lignin research, Narayanan Rajagopalan, Technical University of Denmark, (online)

Coffee break (30 min)

. Lignin analysis and chemistry at Austrian Biorefinery Infrastructure Center, Thomas Rosenau, BOKU Vienna

. Kraft lignin extraction and the recovery boiler — Implications for boiler operation today and future visions, Markus Engblom, AAU
. Lignin depolymerization (Depoly2ols), Henrik Grénman/Patrik Eklund, AAU

. Industrial perspective and Ecosystems: Shape, Markus Kass, Mirka

Lab tour



Challenges

Urgent need in transition.ig
a carbon-negative big

Climate change

Increase in global greenhouse gas emissions
projected by 2030, compared to 2010,
based on available national action plan e

Environmental issues
Energy crisis

Resource efficienc

Reduction in global greenhouse gas emissions
needed by 2030, from 2010 levels, to keep
~warming to no more than 1.5 degrees Celsius



Bioeconomy
services

y ~ EUR 1.9 billion

Mf’ Water treatment

VRN, and supply B
EUR 0.5 billion
Construction

EUR 4.6 billion

The share of
bioeconomy

m Energy

EUR 2.1 billio

Value added of
national economy

EUR 208.0 billion

Other industries

EUR 3.6 billion

* Prelimina a t nd and Natura e Finland
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*Based on the assumption that the carbon sink is -21 Mt C02 eq in 2035.




O

Forest reserves and wood species /%

Abo Akademi

IllrmivrAvmidus

. FOREST RESOURCES OF FINLAND
 Finland: Forest area 22.8 mill ha (75%), Stock vol. 2 464 mill.m3, Annual

; Increment 110 mill.m3, Sustainable felling potential 84 mill.m3,
- Crowth Iorger than thrves’rmg Current commercial consumption 73.6 mill.m3
— Harvested after 40-75 years t dE A s ~

«  Globadlly: e B
— Areas with a lack of forests

— Southern pine, Eucalyptus, Acacia
harvested even after 6-8 years (e.g.
in South America)

 New species due to climate

C | .O I Ig e Of growing stock volume

— Commercially used species: ~100 in

USA; ~20 in Europe; ~3 in Finland Pine Spruce Birch
50% 30% 20%

e UK

Source: NFI12(2014-2016)/Luke ’
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Fate of lignin /ée\

Abo Akademi
University

« The most abundant aromatic
polymer in nature

« Total lignin production
capacity: ~70 million tonnes,
annual

— Kraft lignin: 60 million tons

— Lignosulfonates: 4 million
tons




Lignin
from wood

« Kraft lignin (Na,S and NaOH)

« Lignosulfonates (sulfite
process)

« Soda lignin (alkaline, NaOH)

« QOrganosolv lignin (EtOH,
formic acid, etc)

« Hydrolysis lignin (a byproduct
from cellulosic ethanol plants)

O

X\

Lignin Ao i
building blocks

OH OH OH
OMe MeO OMe
OH OH OH
p-Coumaryl alcohol Coniferyl alcohol Sinapyl alcohol
My Mg Mg
I
WA ™ WP
Q. L C
.- - . OMe N1ED/\|/\OME
e .0 .0
p-Hydroxyphenyl unit  Guaiacyl unit Syringyl unit
Pu Pg Ps
Reference: Cereal straw as a resource for sustainable biomaterials and biofuels — Chemistry, 7

extractives, lignin, hemicellulose and cellulose
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Lignin Lignin A e
from wood building blocks

OH

«  Kraff lignin (Na,S and NaOH) J )/ /(O
« Lignosulfonates (sulfite

Sinapyl liultml (S) monomer pLO

@ p -Coumaryl alcohol (H)
()\la monomer

prOCGSS) om OH /O“e OMe
« Soda lignin (alkaline, NaOH) }
« QOrganosolv lignin (EtOH, B .

-

formic acid, etc)

« Hydrolysis lignin (a byproduct
from cellulosic ethanol plants)

~
Coniferyl alcohol (G) monomer

eference: Cereal straw as a resource for sustainable biomaterials and biofuels — Chemistry, 8
extractives, lignin, hemicellulose and cellulose



Challenges with lignin today

* Most of lignin is used to produce process
sfeam and energy

* Only a very small amount is used for
production of valuable and sustainable
products

» Sulphur-free lignins are not yet
commercialized due to lack of suitable
extraction processes

»Complexity in the structure and the
composition of lignin restricts their
applications

8.2.2024




Lignin is the second most abundant biopolymer

High Value,

Low Volume
Applications

Low Value,

High Volume
Applications

8.2.2024

AR (Vanilling phenol derivatives)
Carbon fibers
Activated carbon
Benzene, Toluene, Xylene (BTX)

Adapted from ‘Lignin: Technology, Applications, and Markets/RISI’

10



Lignin producers

Kraft Lignosulfonates Soda Organosolv Steam Acid Other
-mgevnty B rd , 3 - ,
/)\ Ligr:gTeegc?\a Green Uﬂlﬁ ’! suzano BETA RENEWABLES WA IQV/l C K
Domtar -
> a 000 ., o008
- " IRCELYON

storaenso 1] POET DSM SEKHB B
% |||‘|-:” ... montinutra Clmv u :.:NREL
I @

UPM Nippon Paper Fraunhoferé Cq MET FPInnovations
cep ‘
Rl. [l tembec (W NETGEN
& many others @fortum
@ uh‘tﬁm () pure future
F Plnnovations@ '
versalis
9 suzano
8-2-2024 Result from LignoCost (2023), COST is supported by the EU Framework 11

Programme Horizon 2020



Novel Fiber Surfaces Functionalized by Lignins Refined and
Engineered from Finnish Biorefinery Processes-LigninReSurf

o o Abo Akademi
- - Universi
2021-2023, Business Finland Co-Research BUSINESS ty
Fractionate lignin to a set of products B FINLAND
with consistent specifications rehiseruce A5 FI F2  F3 F4
@ ° 4 Solvent 0o e N\
Chemical integration to functional ouSR  Froction U U [z.'J @ N
materials: Investigate lignin structure- Frors FIOTs MeOfs restdue o

property-performance correlations T o v ammeton e (@ ot

Goal: to develop high-performance D e —a  _ _ _________.
lignin-based copolymers and materials:

— New aqueous dispersion coating A
formulations,

A @Kll ﬂ e s
° ° = ; ; AB%ﬁt?gfm' Membranes 3D
— New thermoplastic materials, and y

Kemira
— Novel bio-based porous @ METGEN vwrore weter MIRKRA

meets chemistry”

membranes * newale and sl st Chemisty s Tl o o oot

LIGNIN
to complete the full bio-based value-chain




Specific topics for RTO and academy-led projects without parallel company projects

Textiles, Biocomposites, Packaging and Other fibre products

» Advances in fibre-based material modeling
« Digital tools for re-designing fibre properties

» Understanding molecular level interactions between pulp fibres, water and
novel chemistry

Jut

Lignin products

Lignin based carbon-
materials for e.g.
energy storage

» Development of solvent insensitive carbohydrate analysis methods
» Flow rheology of cellulose-containing solutions and dispersions

EXPANDFIBRE @fortum "y Metsa

Understanding of
lignin chemical
structure versus
material properties
via analytical tools

Potential
technologies to
influence lignin color

Hemicellulose
products

Protein and
prebiotics for feed
and food
Specialty sugar
(bio)chemistry for
e.g. food, feed,
pharma, or
biosurfactants

Sustainable food
production, end-of-
life and recycling of
nutrients

Utilization for
fertilizers

Sourcing &
fractionation of
straw

Products from
biorefinery side
streams e.g.
extractives, cellulosic
fines, salts, silica



LigninReSurf team at AAU

Prof. Patrik Eklund  Prof. Thomas Rosenau Dr. Xiaoju Wang Dr. Luyao Wang

M. Pharm.

Rupali Bhadane MSc. Minette Kvikant  MSc. Ellen Sundstrom

Dr. Lucas Lagerquist MSc. Ligiv Hu

MSc. Banchamlak
Bemerw Kassaun

Oskar Backman MSc. Lulu Zhu

MSc. Tim Salomdki Ann-Lovise Hakalax

Industrial partners
and collaborators

Abo Akademi
University

cH emire

BIOFORCE meets chemistry”

(WMETGEN (e

Anna-Stiina Petri Ihalainen Thomas
Jaaskeldinen Liji Sobhana Seleenmary Rosenau
Tiina Liitia Sobhanadhas

MIRKRA @
3D

Timo Leskinen
Anu Kinnunen

Lari Vahdsalo

| Institut
Européen des
Membranes

Markus Kass Tomi Kalpio Denis Bouyer

e e e e e m—e m—e E—e E—e e e e e e S S S e e e S e S S S e S . E—

Heli Virki, Hanne Wikberg, Olesya Fearon



Existing and new value chains

5 (Biofuels R
lomass: Fiber products:
Straws; Wood Biorefinery «  Chemical pulp

Abo Akademi
University

sawdust e Dissolving pulp
Waste stream@ \. Nanocellulose ) 1. molecular level fiber-fiber interactions

Lignin

~ N\ WP2. Laccase-catalyzed polymerization
Tools for
controlling
and tuning WP3. Chemical modification and
Mw and polymerization:

solubility - * Non-covalent compatibilization
- J Comprehensive * Direct polymerization

structural analysis « Modification and polymerization

WP1. Sequential
fractionation

Lignin-modified
fibers with WP4. Application
functionalized evaluation
surfaces Membrane formation
and evaluation
Novel tailored Aqu‘.eous dispersion
. coating
lignin co- Extrusion coating
polymers and 3D printing
new materials

2. structure-material property-performance correlation




Webpage of LigninReSurf

O

General update /%

Abo Akademi
University

Project webpage: news and

o BUSINESS 0y

oufcomes /% & e
LigninReSurf public report will be woneemi. FINLAND <= 55
published in the spring 2024

Projectreport 2021-2023

“Kumppanuusmalli - Novel Fiber Surfaces
Functionalized by Lignins Refined and Engineered
from Finnish Biorefinery Processes (LigninReSurf)”
(43674/31/2020)

Consortium workshop,
17.05.2023, Hosted by Kemira



Research outcomes

Abo Akademi
- Research publications: 4 published +2 submitted + 6 under drafting™™**"”

« Oral presentations at conferences & seminars (9)
« Poster presentations at conferences & seminars (3)

i .
| gpniugvedeeshall
| Colloids Towagds Sustainable




Research outcomes, cont.

« Doctoral thesis (2)

ABO AKADEMI UNIVERSITY
FACULTY OF SCIENCE AND ENGINEERING

Lucas Lagerqmst Fractionation and Characterisation of
Enzymatic Hydrolysis Lignin

Structure and Propertie

Master’s thesis

of Soda-type Lignin from | by
a Modern Biorefinery Proce

Minette Kvikant

Abo Akademi
University

Master thesis (3 + 1)

LADOrAIOry OF MOICCUIar Science and Engineering

Al-guided design of compatible composites of birch

y of Science and Engincening

Abo Akademi University

lignin and polylactic acid for 3D printing

. TR ] 5 e s Thesis for M.Sc. in Chemical and Process Engineering
LIGNIN ESTERS AND THEIR COMPOSITES WITH PLA . E

Tim Alexander Salomiki

Master’s thesis by

Ellen Sundstrom

9.10.2023 December 2023
Caried out under the supervision of
Docent Patrik Eklund and Dr. Lucas

Abo Akademi
University




Research outcomes, cont.

Invention disclosure & patent
application

Luyao Wang, Xiaoju Wang, Patrik
Eklund, Rajesh Koppolu, Martfi
Toivakka, Chunlin Xu. Method for
preparation of lignin-based latex for
binding and coating applications.
Finnish Patent and Registration Office.
Patent application numlber 20225569.
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Abo Akademi
University
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Know more about the
publication!
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EWLP 2024
17" European Workshop on
. Lignocellulosics and Pulp
e 26-30 AUGUST 2024
Abo Akademi University,
Finland

hitps://ewlp2024.fi/
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