THE FUTURE OF WOOD AND
LIGNOCELLULOSIC BIOMASS VALORIZATION
IN ESTONIA AND LATVIA

@ Prof. Jaan Kers



OUTLINE

Background: Climate agreements, LULUCEF

Four steps in wood and wood based biomass
valorization

Current situation with wood and wood based
products valorization

Four steps in Estonia, Latvia and Finland
Future perspective



07.03.2018

The Paris climate agreement: key points

Temperatures Financing Specialisation Emissions goals
2100

2050

«Keep warming “well below  «Rich countries must «Developed countries must  «Aim for greenhouse gases
2 degrees Celsius” provide 100 billion continue to "take the lead™  emissions to peak “as soon
dollarfs from 2020, . inthe reduction of as possible"
" . . as a “floor” greenhouse gases
tctfen:il::ienetg%r;t)setrgtwre'; : +From 2050: rapid reductions
to 1.5 deerees Celsius” -Amount to be updated < Developing nations are to achieve a balance between
LR by 2025 - encouraged to “enhance emissions from human
their efforts” and move activity and the amount that
. overtimeto cuts can be captured by “sinks”
Burden sharing Review mechanism Climate-related

2025 losses

*Developed countries must pravide * Areview every five years. *Vulnerable countries have won
financial resources to help First mandatory world recognition of the need for
developing countries review: 2025 “averting, minimising and

T ECH +Each review will show an addressing” losses suffered

= Other countries are invited to provide improvement compared with due to climate change

support on a voluntary basis the previous period

oAFP

http://www.ednh.news/wp-content/uploads/2017/11/Paris.jpg



Strategic

planning

What is LULUCF?

* LULUCF includes all impacts on GHG of
human management of vegetation and soils

- cropland, grassland, forests, wetlands
 Both emissions and removals

« LULUCF today is approx. 10% removal of
the EU’s total GHG budget

« The forest sink, however, is projected to
decline in some Member States and the EU

- Additional effort can maintain these
removals

¥%&H Slide borrowed: Simon Kay & Valeria Forlin ,DG CLIMA C3
TECHNICAL WORKING GROUP ON NATIONAL ENERGY AND CLIMATE PLANS (NECPs) 16/04/2018



Strategic

planning

» Incentives for pro-active, sustainable forest
management

* Need to ensure coherence with national bio-energy and
bio-economy plans

seneits

. In existing forests m LULUCF
Increase In '

C stock J
In wood products v / m LULUCF
o . Material ;-' :: 5. R
Substitution A

effects by wood : >t
Fossil-fuel energy G M?i‘“' Other GHG sectors
N0 B RN

Other GHG sectors

¥é&|‘| Slide borrowed: Simon Kay & Valeria Forlin ,DG CLIMA C3
TECHNICAL WORKING GROUP ON NATIONAL ENERGY AND CLIMATE PLANS (NECPs) 16/04/2018



REPLACEMENT OF FOSSIL CARBON CYCLE WITH BIOGENIC ONE

Atmosphere Sea & soll
Climate change Microplastic
Greenhouse gases Waste
Heat & .
power Traffic Petrochem

Fossil platform

Coal Qil Gas

Geosphere

Transition

towards
renewables

Atmosphere

Biogenic CO, Photosynthesis

T |

! AN

Biorefining Forest & field
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ESTONIA'S AIM FOR 2050 - COMPETITIVE ECONOMY WITH LOW
CARBON EMISSION (REDUCTION - 80%)

o « State guarantees readiness and
_— efficiency to minimize the negative
., and use the positve effect of the
0001 climate change
25000
3
E" 20000
p* u . -
15000 T S — -
10000 If today “s trends continue...
mm Power gen. and industry
5 000 I " Transport
Agriculture
0 Waste
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TE‘ Eesti kasvuhooneaaaside heite vahendamise fraiekioor. mis kuiutab mkumist a1 80% herte vahendamise eesmargi Suunas aastaks 2050



FOUR STEPS IN WOOD AND WOOD
BASED BIOMASS VALORIZATION



Four upgrading steps for wood and woody
biomass valorization are:

1. Step: Forest and wood residues for energy production.

2. Step: Logs and timber for production of sawn timber,
GLT, CLT, Plywood etc

3. Step: Wood fibres: pulp, paper, tissue, biocomposites,
packaging materials

4. Step: Molecular level: drop in chemicals, pharmacy
products, biopolymers, biofuels.

(Adapted from UPM Kymmene QOY)



Current situation with wood and
wood based products valorization
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Biomass balances in Estonia (1000 T of dry matter) full trade

Biomass balances in Estonia, Last data available

1000 T of dry matter

Imports {total 2 574} Biomass supplies (total 10, 577) Biomass uses (total 5 947) Exports (total 4 796)

Crop harvested residues 371

474 Plant preducts 474

Feed snd bedding {incl. animal

Plant products-143
based food: 1) 2,100

cessed products (biomass =q.) Feed and food products 2,372
Fro i eq) 90 Animsl produds (feed eq.) 885
Plant basad food 410
Animal products (feed 2q.) 791 . . Flant based food 287 Plant based food 245
Capture Fisheries 20 28 -, " e Aqusticbased food 5
Aquaculture 0 AN " = N Fishmasl & oil 2 3 Fishmesl & ¢il 2
Fish & seafood 18 19 19 39 Fizh & seafood 29

_ Wood-pulp; 345

Fishreal & oil 0 2 2
Aood-DBLHD 40 —_—
Wood pulp 40 ’ 40 “_Wm pulp 28
Solid wood products 829 829 ° °
Wood products, Biomaterials,
— Solid wood products 2,322 ' = Mg ass 2g.) 21
Post-consumer wood 15
_ _ 2322 090 I
By- & co- products (incl. wood ‘

By- & co- products (ingl. wood pellets) 110 pellets) 1,013 Ood ’ ""'r.,. o croducts 594

== Waste Heat &power, e

Primary e 12,4/-—" 2074 Bioenergy 2074 e
woody ' w

Roundwood 141 Srirgmhlsm:aﬁi?l 200 2016 Wood pellets, 828 By- & co- products incl. wood pellets) 828

Roundwood 1460 1460 1460 Roundweaaa>e

124

https://datam.jrc.ec.europa.eu/datam/mashup/BIOMASS FLOWS/index.html



https://datam.jrc.ec.europa.eu/datam/mashup/BIOMASS_FLOWS/index.html

07.03.2018

1. Step: Forest and wood residues for energy production

12



Final consumption of the biomass for heat production
and power generation in Estonia (2017, GWh)

Wood chips
Power production

Other biomass 384 ~ —=.
_—‘__1-

Wood pellets ;456 —_ =
- "‘_—______-____-_ -
‘_\ N

Final consumption by calculations
S e—
TAL

TECH Biogas ;-_::
Wood briquet ¢




Estonias biomass based primary energy ressources,
production, export and supply 2017, GWh

Primary energy resources: wood pellets:

Primary energy resources: wood chip

Supply of primary energy

Primary energy resources: wood briquete 1/4

TAL Primary energy resources: wood scrap

Primarv enerav resources: bioaas EI’_-____——__————‘_’_‘

Primary..energy.resoucces:. ohter.hiamass: 364



Biomass balances in Latvia (1000 T of dry matter) full trade

Biomass balances in Latvia, Last dats avsilable

1000 T of dry matter

Imports {total 4 004) Biomass supplies (total 15216} Biomass uses (total 13 430) Exports {total 8.352)
Crop harvested residues 685 [ T e
- 1,452 Plant products 1,452
1,452
Crops 5,128 =
Flant products 258 Fead and bedding {incl. animasl

based food: 130) 3,257
Processed products (biomass eq.) 95

Feed and food products 3,875
Flant based food 912 Animal products (feed eq.) 762
Flant based food 406 Flant based food 380
R (feed eq.) 1.551 Aqustic based food 14
Capture Fisheries 39 40 % .‘\ g ~ Fishmeal & oil 20 20 Fishmeal & oil &
Aquaculture 0 " - _ 40 40 Fizh & sesfood 40

Fish & seafood 19 15 19 i . Cther incl. chemistry 105

Fishmesl & oil 14 17 17 —

Wood pulp 0 o — u . .
: Wood products, | Bio-materials, -
Solid wood products 388 388 388 X . .
Solid wood products 3,820 Bio-materials 3,925
By- & co- products (incl. wood . 3820 Solid wood products 2,850
By- & co- produdts {ind. wood pellets) 85 pellets) 2,163

Bioenergy 558 e e

Elic-energ; )

Primary
O Wood pellets’ 1848 By- & co- produds {incl. wood pellets) 1,848
\MQ p.dnyhima 55 5,573

Roundweood 469

biomass, 5573 Roundwood 1910 > Roundwood 1910



Biomass balances in Finland (1000 T of dry matter) full trade

Biomass balances in Finland, Last data available

1000 T of dry matter

Imports (total 10,392} Biomass supplies [total 54 568) Biomass uses (total 54, 094) Exports [total 15,088
Crop harvested residues 1,246 e - T - 530 FPlant products 530
Feed and bedding {incl. animal
Crops 8,090 8,550 based food:
Plant products 326 (R

Feed and food products 8,154
—_— : i Animal prodicts {feed =q.) 831
Processed produets (biomass eq.) 907 T . -

“ Flant based food 240
Grazed biomass 56 58 - ~ Plant based food 1,085

Flant basedfood 1,454 . " L3 -
Capture Fisheries 38 = % o Agustic based food 48

Animal products (feed 2q.) 1,653 Aquaculture 3 Ty - D N Fishmeasal & oil 11 11 Fishmeal & oil 0

Fish & seafood 27 27 bei e e . 12 12 Fish & seafood 12

% B
Fishmesl & oil & 12 12 A \‘ Other incl. chemistry 282
Weood pulp 788 TEG 786

Solid wood products 588 588 B8

N
Post-consumer wood 233 Wood pulp 17,673 Blomaterlals’

28 613
B WOOd pUIp’ 17673 Bio-materials 28,613
By- & co- products (incl. wood ‘
By- & co- products {ind. wood pellats) 1,54 EeReE s 2

ﬁ)od products, 10 646
Inc

Heat and power,

Roundwogad Pri:narymmudyhiurnass 27,290 16&Pj':'32§122 Bioenergy 168,122 EEI;G.;nli.zrg_;\,r_
Primary woody s »
biomass, 27 290 By and co products (incl wood pellets) 233

2 233 By- & co- products (ingl. wood pellets) 233

Roundwood 420

H BmwE = 4 ——) Roundwood, 420
https://datam.jrc.ec.europa.eu/datam/mashup/BIOMASS FLOWS/index.html



https://datam.jrc.ec.europa.eu/datam/mashup/BIOMASS_FLOWS/index.html

2. Step: Logs and timber for production of sawn timber, GLT, CLT,
Plywood etc
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ESTONIAS (2017) AND LATVIAS (2016) EXPORT of WOOD

PRODUCTS

Largest export product groups

Wooden prefabricated buildings
Sawn wood

Wooden construction details

Wooden furniture

Continuously shaped wood || NG

‘: Total export
2,12

]
E— billion €
]

Roundwood
Thermomechanical pulp
Plywood

Unbleached paper

Veneer sheets

o

50 100 150 200 250 300

TAL ilioneuros
TECH

SOURCE: ESTONIAN FOREST AND WOOD INDUSTRIES ASSOCIATION

Forest Sector Export development (Million EUR)

2250
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1750
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= = ed eon = > 5 I~ o m o = &4 g3 = e
=S &S oS =8 s 82 =52 = 35 2018
S S £ f 28 888 “«a &8 «uw =

B0 sawnloos [ Sawnwood
. Wood-based panels . Further processed products

. Resources for energy and pulp

SOURCE: LATVIAN FOREST INDUSTRY FEDERATION (2016)
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ESTONIAS (2017) AND LATVIAS (2016) IMPORT of WOOD

PRODUCTS

Largest import product groups

sawnwood
Other paper and cardboard ‘_
Wooden furniture and its
parts ‘_

Wooden construction details ‘-

Plywood ‘-

Particle boards ‘-

Roundwood ‘-

Fiberboards ‘.

Cellulose ‘.

Wooden packaging ‘l

0 50 100 150 200 250 300

TAL Million euros
TECH

SOURCE: ESTONIAN FOREST AND WOOD INDUSTRIES ASSOCIATION

Forest Sector import development (Million EUR)

SEESESEEESESE8E8E88 m
I found wood [ sawnwood ™ pulp, paper and cardboard
B piywood and veneer 0 Joinery and carpentry products [ Furniture

B 0ther wood products
SOURCE: LATVIAN FOREST INDUSTRY FEDERATION (2016)
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EXPORT, PROCESSING and
MOVEMENT OF RAW ROUNDWOOD
LOGS (PULPWOOD) IN ESTONIAS

WOOD BALANCE

Allikas (m? puitu)

1. t66tlus (m3 puitu)

Tselluloosi ja paberitédstus

Raie
okaspuu paberipuit 1391 000
lehtpuu paberipuit 1540 000
Import
okaspuu paberipuit 42 000
lehtpuu paberipuit 22 0p0
tselluloos 168 000
puitmass 40

EXPORT OF RAW

ROUNDWOOD LOG
903 000 m3 softw

for pulp

ININIGYVL el 1HOdSH3

> tselluloos 300 000
paber ja papp 362 000
puitmass 446 000
puitmassi ja tselluloosi 90 000
jaatmed

Plaaditéostus
puitlaastplaadid 171 000
puitlaastplaatide jaatm. 24 000
Eksport
093 000
973000

okaspuu paberipuit
lehtpuu paberipuit

973 000 m3 hardwood

for pulp

TAL
TECH

s000

4000

3000

2000

==
o

2001

2002

em  =F
g 8
S §

PROPORTION OF SAWN LOGS
IN ROUND WOOD EXPORT IN
LATVIA

Proportion of sawn logs in Round wood export (Thousand m?)

s o = o o2 -
s =2 =2 2 2 =

= = =
NENENN

200
200
200
200
200
2010

Sawn loos B Round wood export
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3. Step: Wood fibres: pulp, paper, tissue, biocomposites,
packaging materials

21
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« Sustainable,
efficient and
modern use of
wood!

IRENA (2018), Bioenergy from
Finnish forests: Sustainable,
efficient and modern use of
wood,International Renewable

TA L Energy Agency, Abu Dhabi.

TECH

Figure 3 Wood flows in Finland 2013

Wood flows Growing stock (stem) 2357 Mm?
In Fll'llﬂlﬂ, 2013 (47% <20 cm, 34% 20-30 cm, 19% >30 cm)
Import of roundwood and chips 1.0 Mm®

Loss of wood (logging residues) 9.2 Mm®

Roundwood expo 'I.IF'!TF
Matural drain 4.7 Mm* echanical wood

industry 26.2 Mm®

Wood board and other wood

Import of chemical
pulp 1.2 Mm?®

Use of side products 7.7 Mm’

Pulp indust
30.5 Mm? e
g Mechanicaland = o >tem
e semi-mechanical wood Plywood export 0.9 Mm?®
paper
pulp 7.7 Mm? for enegy Sawn timber domestic use 2.8 Mm*
Import of paper 9.5 Mm?
Paper and board and board 1.4 Mm* Sawn timber export 7.2 Mm*

axport 15.6 Mm®
Importnfumtemndu_imﬁ

Dulp export 6.7 Mm?
Export of waste wood 0.3 Mm?
Sidestreams for energy use 16.0 Mm® Wast 1.0 Mm?
Paper and board includes approx. 3.5 Mtons coatings ogging residues and stumps 4.5 Mm* ‘
and fillers, wich are reduced from fiber streams. Energy use
36.7 Mm*

Use of forest residues in heat
and CHP plants 3.9 Mm’

Flows below 0.3 Mm? are not taken into account.

Sidestreams for heat and CHP plants 23.3 Mm’ Use of wood for small-scale heating 5.4 Mm®

| Use of stam wood in heat and CHP plants 4.1 Mm*
(small-sized trees 3.6 Mm?’, large trees 0.5 Mm®)

© Roundwood @ Wood products @ Energy from sidestreams @ Energy from stem wood

Eija Alakangas and Janne Keranen, 2017

s

22



Products of Ainekoski
modern pulp mill

Figure 9 Sankey diagram of Aanekoski mill roundwood use and bioproducts

Round wood 6.5 Mm®

Spruce and pine 4.5 Mm*

1 GWh equals fo 3.6 TJ

Source: VTT and Metsd Fibre

Pulp 1300000 tons

Turpentine 3200 tons
Tall ofl

46000 tons
Sludge 16000 tons

Dower, own use 750.0 GWh

Heat, own use 3000 GWh

Power 1050.0 GWh

Heat 640.0 GW
Bark 5.50 GW

Secondary heat
4150 GWh

23



FINLAND 'S BIOECONOMY SECTOR GROWTH CONTINUES

 The €64.4 billion total represented OUTPUT OF BIOECONOMY, 2016 2
an increase of 7% from the ¢
revious 5-year period in real I &
erms. -t 4__ ) eurvs5 bmon
« Bioeconomy Products represented VAAY EUR 0.7 billion iV ” 1 }
almost 1/3 or total goods exported B
from Finland. EUR 9.7 billion
 The food and forest sectors e
represented more than 50% of the EUR 4.0 billion | |

total value added by Finland’s i
bloeCOnOmy. EUR 6.7 billion =

« The highest growth rates in 2016

Blooconomy

were in; chemical industry, R —— o
production of renewable_ener%y R EUR 24.4 billion Lule
and the pharmaceutical industry. T ———
https://www.forest2market.com/blog/as-global-bioeconomy-
TAL continues-to-grow-finlands-forest-sector-leads-the-way

TECH
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3rd step in Estonia and Latvia

* Horizon pulp and paper old unbleached kraft pulp mill in
Kehra

» Estonian Cell launched 2006 BCMP mill (aspen) in
Kunda

* Plans in Latvia for pulp mill near to Ozolsala with
capacity 0,6Mt (2000....2007 - did not realise...).

« EstFor Invest 0,7Mt biorefinery project is in the nest of
drawers waiting for future opportunity...
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3rd or 4th step atempt in Estonia

« Granul Invest is developing the piltot plant in Imavere
for extracting sugars and lignin from low quality wood

Wood fractionation and
hydrolysis platform

¥ A

Dried lignin

Biomass slurry

hydrolysis De-polymerized
; : lignin
i A 5 Lignin J
N o~ . >95% to | -
Hardwood G ;
i i
mix . N
Glucose W—
TAL
TECH \_ Sugars )




BIOREFINERIES IN EUROPE 2017 P

@ Lignocellulosic other than wood
Oil/fat-based - biodiesel
@ Oil/fat-based — oleochemistry
@ Sugar/starch-based incl. bioethanol '

= An initial study identified O Mt s ) °®
224 biorefineries operating
in the EU at the end of 2017 Spereant e
and reports several dozens -
more biorefineries currently .

under construction. ° .

= Approximately 300 biorefineries
will need to be deployed in

Europe by 2030 in order to °
meet the growing EU market o
demand in this sector. ’.
@
S) " ‘
o. o>
L.
®
®
TAL http://news.bio-based.eu/media/2017/11/17-11-27-PR- Y

I ECH Mapplng-EUrOpean-BIOFefInerleSl.pdf If you have questions or feedback, please contact oliver.arendt@nova-institut.de
The poster is available for download at www.biconsortium.eu and www.bio-based.eu/graphics



BIOREFINERIES DISTRIBUTION IN THE EU (03/2018)

. Bio-based chermcals“

28



BIOREFINERIES DISTRIBUTION IN THE EU (03/2018)
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4. Step: Molecular level: drop in chemicals, pharmacy
products, biopolymers, biofuels,

30
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WOOD VALUE CHAIN FOR PULPING AND
REFINING PRODUCTS IS MUCH LONGER...

Pulp and paper industry: EUR ~600 billion

(72}
Graphic ? v
450 Containerboard é g
Wood Pulping Mtons Cartonboard o -4
Tissue £ 9
Specialty
c
S c
% 2
N©
a3
€ E
>5
O LW
o
Refining
c
S
-
el
iz
Oll refining industry: EUR ~2 ftrillion !

3 | © UPM — The Biofore Company

TAL
TECH
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Sales 2015 (€3.5 trillion) Sales 2030 (€6.3 trillion)
1.1%
12.0%
1.3% |
1?.37‘ ' ',33%
3.0% e % _

16.5% 14.0%

39.9% 3.8% ~5_n%

=EU = Rest of Europe* 44.0%
NAFTA* = Latin Amena
China = Japan

m Rest of Asia™* = Rest of the world

12 | & UPM — The Biofore Company

TAL
TECH

Demand for sustainable
solutions will drive the
growth of bio-based
chemicals faster than
overall market

Source: Cefic Chemdata Infernational 2016
* Rest of Europe covers Swilzeriand,
Norway, Turkey, Russia and Ukraine

** North American Free Trade Agreement
*** Asia excluding China, India,
Japan and South Korea

Unless specified chemical industry excludes phamaceudicals
LUnless specified EU refers fo EU 28



UPM Biochemicals UPM

Biochemicals development towards b d
Industrial scale operations Company

Basic engineering Preparation
_ for the potential continues, possible
Creation of first biorefinery, implementation

biochemicals vision commercial of the first biorefinery
and strategy projects

2011 2017-18 2019-
_ |

0

Biochemicals

‘ « ¢
2012-15 2015-16 2015-16
Broad evaluation Commercial Feasibility
of various sites, assessments engineering
technologies and of different studies for
chemicals chemicals and short-listed
TAL markets concepts



Biochemicals biorefinery targeting to produce bio-
MEG, bio-MPG and lignin from hardwood The Biofore Company UPM

BIOREFINERY PROCESS
STEP 1: SUGAR PULPING STEP 2: CHEMICAL CONVERSION
Disintegrating wood into sugars, Conversion of sugars into targeted
lignin and green energy biochemicals

Bio-Monoethylene
glycol (MEG)

Bio-Monopropylene
glycol (MPG)

BIOMASS

GREEN (I
ENERGY f

21



UPM-I BIOKEEMIATOOTED KUI ALTERNATIIV
FOSSIILSETELE TOODETELE

Biochemicals products are sustainable and competitive %
drop-in alternatives for brand owners The Biofore Company JPM

Performance chemical
Application driven
Strong IP position
Application examples:

Mono Ethylene Glycol Mono Propylene Glycol

A" Existing fossil-based market A" Existing fossil-based market
A7 Market demand = 26 mio tons A7 Market demand =2 mio tons
~” CAGR =3% A" CAGR >5%

A7 Application examples: ~7” Application examples:

m Textiles f Composites

Rﬁ‘nm Bottles & Packaging
-2 % B

R

E

. Pharma & Cosmetics

P Deicing fluids e ' Detergents

e

A




THE FUTURE PERSPECTIVE

= Forestry and woodworking industry in Estonia and
Latvia has achieved the excellent level in wood
valorisation step 2

= If we want we can stop exporting round wood logs
(approximately 4,0Mm3/y + wood scrap approx.
1,0Mm3/Y) in form of pellets and we will get more
added value from the products of modern
biorefinery

= What if Estonia and Latvia will join initiatives,
capital, best practice and good will in establishing
new joint venture for new modern pulp mill project
TAL for 1Mt/y bioproducts production in future?

TECH
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THANK YOU VERY MUCH FOR YOUR
ATTENTION!
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TALLINN UNIVERSITY OF TECHNOLOGY

LABORATORY OF WOOD TECHNOLOGY
Teaduspargi 5, 12618 Tallinn,
Tel 620 2910

jaan.kers@taltech.ee
www.taltech.ee/projektid/biomajandus/

€) @sTUDYWOODTECHNOLOGY.TalTech




