


This is
We create

UPM

Wood-based
raw materials

BUSINESSES:
UPM FIBRES
UPM ENERGY

UPM RAFLATAC

UPM SPECIALTY PAPERS

UPM COMMUNICATION PAPERS

Low-carbon
energy

UPM PLYWOOD

UPM BIOREFINING

55

production
plants

oy

s

17,200
employees in
44 countries

RENEWABLE AND RECYCLABLE
PRODUCTS FOR:

@ PACKAGING
[j LABELLING

£} TrRansPORTATION

10,500

customers

COMMUNICATION

TISSUE AND
HYGIENE PRODUCTS fp?:

MANUFACTURING

,,9.,:';?, BIOPLASTICS
@ BIOMEDICALS

26y ELECTRIFICATION 1 7 O

million end-users
globally

Lﬂ CONSTRUCTION

2 | ©UPM

_




WE ACT THROUGH FORESTS WE ACT THROUGH EMISSION WE ACT THROUGH PRODUCTS

Committed to climate-positive forestry and REDUCTIONS Innovative products
enhancing biodiversity -65% from own CO, emissions Scientifically verifying the climate impact of
. -30% from CO, emissions of supply chain all our products
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We ensure forest grbwth_

100% o ARG AT
traceability RN S i e el
covered by a R MY
third-party
verified Chain No wood 100% from
of Custody from tropical sustainable
rainforests or sources
forests converted
to plantations
Guaranteed
sustainability _ Forest.
by FSC biodiversity
and PEEC preserved

certifications

UPMBIOFORE-BEYOND FOSSILS

100 new trees
every minute

e

more than
100 trees
per minute

We plant
55 million trees
every year
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Decarbonization vs Defossilization




Carbon in the material sector

Global Carbon Demand for Organic
Chemicals and Derived Materials
by Type of Feedstock

Total: 450 Mt embedded C/yr

Reference Years: 2015 - 2020

',

Main Sources: Piotrowski et al. (2015), Hundertmark et al. (2018),

Levi and Cullen (2018), Skoczinski et al. (2021)
available at www.renewable-carbon.eu/graphics © -Institute.eu | 2021
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Current linear materials sector

/ Incineration: 28 900 Il

Residual Waste: 9400 Sorting Loss: 9400

Processing Loss: 10 100

Fibers: 87 700

Virgin PET: 308 700

PET consumption: 470 900 Film: 123 100

r-PET: 162 200 PET bottle: 162 200

Adjusting Import/Export: 8 700 =

Export: 3 500 =

Based on: “Aufkommen und Verwertung von PET-Getrankeflaschen in Deutschland 2019”;
GVM 2020

UPMBIOFORE-BEYOL!
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End-of-Life of Plastics in Vehicles in EU

Plastics to Landfill: 37,3%

Shredding: 92,0%

ELVP Dismantling: 100,0% .
Plastics to thermal treatment: 54,8%

Post-Shredding treatments: 28,3%

| Plastics for Re-Use /Re-Manufacture: 2,6%

B PE Fuel Tanks: 5,3%

Source: https://doi.org/10.1016/j.spc.2021.09.025
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Circular economy - key to sustainable carbon
cycles

bio-based 10% [&F|
-10%
CO,-based 20% [co] losses in
recycling-based 70% @

production

fossil-based 0% E 10%
- (+]
losses in

recycling RENEWABLE
CARBON
' -10%

CYCLE
losses in
L collection

available at www.renewable-carbon.eu/graphics © ﬁ-lnstitute.eu | 2021




* Beech is core tree species of climate-stable forests

* share in German forests will increase
from 16% to 21% in 2050

* Limited industrial use of beech wood W s

* > 60% are incinerated today

Furniture production, veneer wood

* Beech wood from certified forests of the region

UPMBIOFORE
BEYOND FOSSILS of¢

* well established sustainability certification scheme r




Forest area in Europe
1990-2020

2,273,530
2,080,620

in km?2

L 1990 2020

Source: https://foresteurope.org/wp-
content/uploads/2016/08/SoEF_2020.pdf
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https://foresteurope.org/wp-content/uploads/2016/08/SoEF_2020.pdf

Trend in total growing stock in Europe
1990-2020 o ——,

31,086

in million m3

20,664

b 1990 2020

Source: https://foresteurope.org/wp-
content/uploads/2016/08/SoEF_2020.pdf



https://foresteurope.org/wp-content/uploads/2016/08/SoEF_2020.pdf

Integral Part of Renewable Carbon Cycle
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UPM Biochemicals

THE ORIGIN OF OUR WOOD

UPMBIOCHEMICALS | 3

Beechwood from forest
management in federal, state
and private forests

Residues from sawmills and
other wood producers

100% of the wood is FSC®
and PEFC certified

‘ Primary sourcing focus

—— Extended sourcing areas

Full chain of custody
and traceability

Transparent supply chains with
regional partners and focus on
emission-optimized transportation
modes




UPM Leuna biorefinery: .%
Pioneering sutainable chemistry, transforming industries UPM

750 million € > 100

) employees
investment at the Leuna site

Production volume:

220,000

tons per year
Beechwood-based products:

Start of .
construction Start Production ~» Bio-Monoethylene Glycol
January late (el ~> Bio-Monopropylene Glycol

2021 2023 2024 > Renewable Functional Fillers

UPMBIOFORE-BEYOND FOSSILS 17 | © UPM
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UPM Leuna biorefinery:

=
X

Unique technology converting wood to biochemicals UPM

Sustainable biomass

Regional
logistics chain

#* Thinning wood
'I F Industrial wood

- Sawdust

Processes at
UPM Biorefinery

in Leuna i
- N
e
- ) i
= Preparation

W

Debarking and chipping l Lignin

Industrial sugar

UPMBIOFORE-BEYOND FOSSILS

End uses

: .
Bio-Mono- -
ethylene Glycol
(Bio-MEG) -

Textiles, packaging
and engine/
baﬁery coolants

Destillation

Bio-Mono-
propylene Glycol
[Bio-MPG)

Liquid agents and
deicing fluids

Renewable ‘
Functional

Fillers (RFF)

Various rubber and
plastics applications

Upgrading

N

20 | © UPM



UPM BloK/I
A New G

for Su ,¢

UPMBIOFORE-BEYOND FOSSILS

"‘ ,,{ t Ctl \
':

i &

£ «
\ RIS
R ")’ \

A

; /F/Ilers (RFF)‘&:

21 | © UPM




*
o
UPM

UPM BioMotion™

Renewable Functional Fillers (RFF)
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UPM BioMotion™ RFF: A step-change in sustainability for %

rubber and plastics industry UPM
N
CO,-neutral based on current LCA

Renewable carbon content (certlfled by DIN CERTCO) é’@

£ WVTIEBN T




UPM BioMotion™ RFF possess approximately 90% lower
GWP compared to standard furnace carbon black

scope: “cradle to gate”

Thermal Black
(e.g., N990)

5000

Life-Cycle Assessment based on

4000 ISO 14040 and ISO 14044

Furnace Black
(e.g., N550)

3000

2000

1000

GWP kg CO, eq. per ton of product

-1000
Carbon Black RFF* RFF* mid-term

*As the biorefinery is currently in the process of being built, the LCA results will enable UPM to understand where potential environmental hotspots and improvement potential
lie. Our LCA will be gradually updated with primary data, from manufacturing and supplier specific data for purchased raw materials as soon as they become available.

UPMBIOFORE-BEYOND FOSSILS

*
X
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Current Portfolio of UPM’s %
Renewable Functional Fillers (RFF) UPM

UPM BioMotion™ UPM BioMotion™ UPM BioMotion™

Preliminary specifications

X10 X20 X40
Specific Surface Area 11 m3/g 23 m3/g 40 m3/g
pH Value 6-10 6-10 6-10 -
Sulfur Content <0.2% <0.2% <0.2% > .
Benzo[a]pyrene < 0.1 ppm < 0.1 ppm < 0.1 ppm . -
each of 22 FDA PAHs <1 ppm <1 ppm <1 ppm ‘

Loss on Drying <3% <3% <3%
Bulk Density > 250 kg/m3 > 250 kg/m?3 > 200 kg/m?3

-y q

UPMBIOFO YOND FOSSILS -»



UPM BioMotion™ RFF: numerous application
possibilities in various markets

ELASTOMERS

‘& THERMOPLASTIC
" ELASTOMERS (TPE)

<

R BioMotion™

‘, .‘ “.-

—

UPMBIOFORE-BEYOND FOSSILS

‘

Transportation

Building & Construction

Consumer

Agriculture
Packaging

Personal Care

Electronics

26 | © UPM



RFF in rubber applications

- -

: uP-I\/I BioMotion™ =

UPMBIOFORE-BEYOND FOSSILS

=
%

UPM
Profiles Weather strips
Hoses O-rings

Precision sealings

Cables Gaskets
Membranes Plugs
Flooring Footwear

Bushings Wiper blades

Tapes

Insulators Belts

Nipples Linings

27 | © UPM



UPM Bio automotive rubber profiles %

L UPM

UPMBIOFORE-BEYOND FOSSILS



UPM Biol

le profile producers to fulfill %
future O |

yelirect and indirect benefits UPM

> 50% >50% ¥

WEIGHT REDUCTION when shiffing from > 10° Q*em " lowercompound | > 10 %
teel to Alumi M ium i d €Oz FOOTPRINT
seelo AUTERTE R S VOLUME RESISTIVITY required for o foday s ADDITIONAL WEIGHT & i
next generation weatherstrips MATERIAL SAVINGS y )
to effectively avoid in weatherstrips per car e =0/
> 40 kg electrochemical corrosion when replacing carbon > 5 /o

WEIGHT SAVINGS per car black and heavy white fillers  RENEWABLES

()
~40%
REPLACEMENT LEVEL
of steel doors by 2025

UPMBIOFORE-BEYOND FOSSILS



UPM Bio automotive rubber profiles %

g

UPM
Model compound Ingredients Loading / phr
* based on non-polar EPDM EPDM 150 150 150 150
(medium ML(1+4) & ENB content) N550 115 : : 35
« variation of functional fillers N772 ) 115
« removal of any high-density UPM X40 . § 115 115
white filler i.e., Talc (-100%) Talc 55 55 55
. EEdSLég/E)I)(m of softener oil content e Ol . E .
. Ca0-80 5.5 5.5 5.5 5.5
PEG 4000 2 2 2 2
MiXing procedure ZnO + Stearic Acid 5+ 2 5+2 St 2 5+2
*  Internal lab mixer Sulfur 15 15 15 .5
« standard two-stage lab mixing process s 0 . " A
Curing parameters TP-50 2.7 2.7 2.7 28
« T=160°C,t=190 + 5 min TBZTD-70 1.5 1.5 15 1.5

UPMBIOFORE-BEYOND FOSSILS
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UPM Bio omotive rubber profiles %

4 |l ll [l ol ally

Hardness M100 M300 Comp. Set Dlspersmn

mN550 ®mN772 UPM X40 OUPM X40 / N550

1:1 exchange of CB by RFF in non-polar EPDM results in rubber properties matching
both, N550 & N772 performance characteristics (except for lower tensile strength)

hardness, stress-strain properties & compression set of RFF in non-polar EPDM
can be adjusted to N550 level by addition of small amounts of CB, removal of
white filler & lowering oil content

UPMBIOFORE-BEYOND FOSSILS - J




UPM Bio

= 1.25
1.00E+14 &

g 1.00E+12 = 1.20
a NextGen Sealing Systems (steel/Mg) o
hy 1.00E+10 g e oo o e B R e e e B &
> - 1.15
S 1.00E+08 =
= Conv. Sealing Systems (steel/steel) ﬂ <\
= 1.00E+06 s oo s s o e = e o i e e e e e e e S pded ==} 110 g
@ o
o 1.00E+04 =
o O 0 = 1.05 &
£ LO00E+02 l - 7 A) - 11 A)
£ 1.00E+00 4 ’ T 1.00

N550 N772 UPM X40 UPM X40 / N550

RFF compounds meet the requirements of next generation sealing systems for higher
volume resistivities to avoid electrochemical corrosion when using light metals

emotive rubber profiles %
RFF even allows for the complete removal of heavy white functional fillers enabling

significant additional weight gains compared to the reference compound

UPMBIOFORE-BEYOND FOSSILS ‘2 | ©UPM J



UPM Bio in aui pmotive rubber profiles %

| UPM

b

EPDM ®mCB WRFF mTalc Oil Chemicals Renewable
Content
References E— 0
(N550, N772) O A)
. 31%
RFF/CB blend e 36%

(no talc, low oil)

0 50 100 150 200 250 300 350 400
Compound Composition / phr

in addition, applying RFF introduces a renewables content of up to 36% in the
Investigated rubber compounds leading to a significantly lower carbon footprint

UPM’s RFF enables renewable contents in final compounds of > 85% in combination
with bio-based rubbers & plasticizers

UPMBIOFORE-BEYOND FOSSILS -



UPM Bio

duce rubber compound %
carbon f

b

2700

2200

- 42%

Raw Material GWP kg CO2 eq.
per m3 Compound

1200
References REF* RFF*/CB blend
(N550, N772) (no talc, low oil)

*Current status of life cycle assessment is based on process simulation and pre-commercial trials and represents current best knowledge of the UPM Biorefinery process.
A critical review with independent third party according to I1SO 14044 successfully completed.

UPMBIOFORE-BEYOND FOSSILS -



UPM BioMoti#h!
at DKT/IRC 2022\
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UPM BioMotion™ RFF ] "ﬁg\o\%l"de cured NBR N
o u\ N4 UPM

Ingredients Loading / phr

Model compound , NBR (3945) 100 100
* peroxide cured nitrile rubber :
* inactive (N990) carbon black

* iso-gravimetric filler exchange with RFF of
lowest specific surface area (UPM X10) 7n0 o5 2.5

N990 40 9

UPM X10 - 40

Mixing procedure Stearic Acid 2 o
* internal lab mixer & open mill

» standard two-stage lab mixing process PzonEbr i o=y —

Curing parameters 6PPD 1.5 {a5

« T=160°C,t=1t90 + 5 min TAIC : 4.3

Dicumyl peroxide 7
Y

UPMBIOFORE-BEYOND FOSSILS , . .36 [Bup




UPM BioMotion™ RE

TC90 Hardness M100 Density Fossil
m N990 UPM X10 Content

Peroxide curing is possible for RFF, with slightly reduced scorch and same curing time
Higher hardness and moduli at low strains, reduced tensile strength

Decrease of density by ~ 6% and renewable material content of 26%

No impact of heat ageing (100°C/72h) or swelling in non-polar media on performance

UPMBIOFORE-BEYOND FOSSILS



UPM BioMotion™ RFF ré
carbon footprint drastiCe

5000
4500
4000
3500

- 38%

2500

=
(b))
O
O e
o) 5
N
o

= E
OO
=
L5
ga
=
©
o

2000

1500
Carbon Black RFF*

*Current status of life cycle assessment is based on process simulation and pre-commercial trials and represents current best knowledge of the UPM Biorefinery process.
A critical review with independent third party according to ISO 14044 successfully completed.

UPMBIOFORE-BEYOND FOSSILS
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RFF can replace up to 100% of fossil-based fillers! UPM

EPDM Weatherstrip

@ >2 Qwio REF
30% lower
10% weight reduction

NBR Hoses

(7)) 26usrer
49% lower
10%weightreduction

EPDM Wipers

() 2605 ree
26% lower
5% weight reduction

UPMBIOFORE-BEYOND FOSSILS
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RFF can replace up to 100% of fossil-based fillers!

& T

UPMBIOFORE-BEYOND FOSSILS
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3
UPM BioMotion™ RFF in rubber flooring 13%%4

Artigo rubber flooring for UPM Biochemicals booth at
Renewable Materials Conference 2023

PIONEERING

SUSTAINABLE

CHEMISTRY, b
TRANSFORMING ~ol LBl
INDUSTRIES ; ;

reformulating our recipes to reduce our |
nt of more than-50%.
the

UPMBIOFORE-BEYOND FOSSILS 41 | ©UPM



INDUSTRY OPINION ON
UPM BioMotion™ RFF

“UPM is a reliable partner with
strong technical expertise and close
collaborations to help us discover
sustainable solutions for the new
generation of rubber products.”

[YINatlonal

MNATIONAL HALMSTAD

“SFC Solutions is a leading automotive rubber
manvufacturer bringing sustainable solutions to
the automotive and non-automotive indusiry.
Together with UPM, we are taking an advanced
step to infroduce Renewable Functional Fillers
to follow the mega trend of sustainability.”

SFCSOLUTIONS e m
Sohutions.

“After two years of cooperation of joint
applicative research to incorporate RFF to
our compound designs allowed us to
reduce our fossil content and consequently
CO, footprint with an associated decrease
in density.”

-O-

STANDARD PROFIL s
STANDARD PROFIL

for the rubber industry.”

ivg colbachini spa
1V.G. COLBACHINI  memm— mmlnlazunnr

UPMBIOFORE-BEYOND FOSSILS

“UPM’s Renewable Functional Fillers
are a new generation of filler which
will help IVG to move towards
creating more sustainable products

=
%

UPM

“Sustainability is a crucial topic for all of
us, and RFF offer new ways to reduce the
carbon footprint of our products;

there is a high demand for sustainable
end-products across the entire industry.”

POLYMER-TECHNIK ELBE GMBH

“RFF: one step to meet our
sustainability goals.”
m™

Wallstabe
& Schneider

DICHTUNGSTECHNIK WALLSTABE &
SCHMEIDER GMBH & CO. KG

42 | © UPM




Contact us: RFF@upm.com
www.upmbiochemicals.com/renewable-functional-fillers/

43 | © UPM
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