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MOLECULE MANAGERS WHERE WE'RE COMING FROM

The industry of industries
Value chain links between energy
intensive industries
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Companies in each step of the value chain
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In the frontline of sustainability

Greenhouse gas emissions Energy ConsumpUQn

& -34% & -20%

from 1999 = from 1995

Water consumption

-99 %

from 1995

7 7

Key figures from 2018
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Two huge challenges
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| Figure 2. Global material extraction, Four main material categories, 1970 - 2017, million tons
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https://www.resourcepanel.org/reports/global-resources-outlook

Why go circular? o0 O

End consumers are demanding more sustainable
products

Brand owners are making voluntary commitments to
sustainability

Responsible investments are becoming the new norm

@ Greenhouse gas reduction is crucial for slowing down
global warming

Regulation around sustainability is strongly increasing

New technologies enabling circularity are constantly
emerging and advancing
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https://ek.fi/wp-

content/uploads/Iimastonmuutoksen
-vaikutukset-suomalaiseen-
elinkeinoelamaan_Deloitte EK raport
ti_tammikuu-2020 FINAL.pdf

Iimastonmuutoksen vaikutukset
suomalaiseen elinkeinoeldamaan -
skenaariotyon taustaraportti

Deloitten selvitys Elinkeinoeldman keskusliitolle
Tammikuu 2020

Tulevaisuuden globaali Viennin Tulevaisuuden
kadenjilkipotentiaali nykytaso vientipotentiaali


https://ek.fi/wp-content/uploads/Ilmastonmuutoksen-vaikutukset-suomalaiseen-elinkeinoelamaan_Deloitte_EK_raportti_tammikuu-2020_FINAL.pdf

Striving for climate neutral chemistry

We are striving for climate neutrality in the Finnish chemical industry by 2045.
We now know, what it requires!

\Jl

4

P CLIMATE NEUTRAL
 { CHEMISTRY

Reducing our carbon footprint 100 % support for the Paris Increasing our handprint through

by minimizing greenhouse gas Agreement and the 1,5°C target! minimizing our customer’s
emissions. ! ' emissions.

.
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Finnish chemical industry is a small player...

Global chemical industry emissions.

Global chemical industry emissions (7% of global total emissions)

Finnish chemical industry emissions (<4% of EU chemical industry emissions)

EU chemical industry emissions (>4% of global chemical
industry emissions)

&
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... that can punch way above its weight!

Target small footprint and large handprint. The chemical industry can mitigate climate change globally.

We lower our footprint from
the operational activities

We grow our handprint, by lowering the
global footprint with chemical industry
products and solutions

KEMIANTEOLLISUUS 10



2045 is closer than expected
1 investment cycle — 2 innovation cycles — 5 maintenance cycles

2020 2025 2030 2035 2040 2045 2050

CLIMATE NEUTRAL
CHEMISTRY

INVESTMENT CYCLE 1

INNOVATION CYCLE 1 INNOVATION CYCLE 2

MAINTENANCE
CYCLE 1

First 10 years
\— crucial for reaching CARBON NEUTRAL CARBON NEGATIVE
the targets FINLAND 2035 FINLAND 2040’S

MAINTENANCE
CYCLE 2

MAINTENANCE MAINTENANCE MAINTENANCE
CYCLE 3 CYCLE 4 CYCLE 5

CARBON
NEUTRAL EU 2050

.
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Studies pave the way for the chemical industry

Electrification and

thousands of TWh of
emission free energy

EQ DECHEMA

Gesellschaft i Chemische Technik
und Biotechnologie e\.

Process improvements,
energy efficiency and
digitalization

TECHNOLOGY STUDY INDUSTRIAL

TRANSFORMATION 2050
Low carbon energy and New raw materials, Puiig 5 Nt Zos e o B Hoso ooty

feeds.tock.for the European hydrogen, CO2, biomass,
/ chemical industry circular materials, material

A\ " & . S
. 5l f o efficiency
220" »-"M

-~

Circular economy,
sutainable business models,
chemical recycling

[sounce] SITR3a
Doubling industry
Approx. 67% of chemical industry in EU investments, demonstration Approx. 25% of chemical industry in EU
Big volume products like methanol, projects, infrastructure Polymer production (ethene, propene,
ethene, propene, BTX, ammonia, urea, inv’estments butadiene, BTX, chlor, styrene) and

chlor ammonia

P
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Studies pave the way for the chemical industry

4900 TWh of
emission
free
electricity /a

300 Mt CO2
A
1 material /a
250 Mt A
biomass as
raw material

/a

Investments
27 bn/a

Approx. 67% of chemical industry in EU
Big volume products like methanol,
ethene, propene, BTX, ammonia, urea,
chlor

KEMIANTEOLLISUUS

Responsible Care

Our commitment to sustainability

Electrification and
thousands of TWh of
emission free energy

Process improvements,
energy efficiency and
digitalization

New raw materials,
hydrogen, CO2, biomass,
circular materials, material
efficiency

Circular economy,
sutainable business models,
chemical recycling

Doubling industry
investments, demonstration
projects, infrastructure
investments

410 TWh of
emission - -
free g T
electricity for

hydrogen /a |, ¢ 95 Mt
: 3 biomass as

‘ raw material
/a
41 Mt of
recycled —
plastics /a

Investments
+199 %

Approx. 25% of chemical industry in EU
Polymer production (ethene, propene,
butadiene, BTX, chlor, styrene) and
ammonia




Climate neutrality can be achieved in many ways

S

ENERGY PROCESSES RAW MATERIALS

® .
KEMIANTEOLLISUUS S Responsible Care
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Climate neutrality can be achieved in many ways

I **
/i\ ! e’
ENERGY PROCESSES RAW MATERIALS
Research Emission free Piloting and Low emission

Development

Innovation technology I demonstration plants I raw materials
A an

Yan v .
Digitalization | o ' o%

A Y < R

\
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ENERGY USE ALTERNATIVE MANUFACTURING MATERIAL EFFICIENCY
PROCESSES
Competence EMISSION
@ m ') % COMPENSATION
Safety ENERGY EFFICIENCY EMERGING NEW RAW MATERIALS
TECHNOLOGIES

Sustainable and circular business models

.
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Climate neutrality can be achieved in many ways




KEMIANTEOLLISUUS
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Sustainable and circular business models

Circular Inputs

Using renewable energy, bio-based and
man-made materials, that are recycled or
highly recyclable, to enable partial or total
elimination of waste.

Resource Recovery

Using the embedded materials or energy
from disposed products, byproducts or
processes and recovering through collection,
aggregation, and processing.

KEMIANTEOLLISUUS

Circular
Inputs

Resource
Recovery

Sourcing Manufacturing

Design Logistics
Product as
a Service
Reverse Product
logistics use
Product
Resource End of Use 'EJSS _
Recvdlin xtension
Recovery ecydling

&2
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5 é Responsible Care

Our commitment to sustainability

>
accenture

Product as a Service

Retaining ownership of products and selling
benefits like function and quality through a service
model, e.g. chemical leasing.

& & B2 e

Product Use Extension

Product’s use extended through design
considerations, repairs, reconditioning, upgrades,
and resale for second use

Sharing Platforms

Optimizing utilization rates of products and assets
through shared ownership, access, and usage, e.g.
online marketplaces for trading excess inventory

18



Sustainable and circular business models
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We create chemistry
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Our commitment to sustainability
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Chemical companies can act as enablers of circularity for

upstream and downstream businesses

Raw materials
/ feedstock
inputs

Secondary raw
material input

-

Waste

KEMIANTEOLLISUUS

* Intermediates *

Chemical industry

| Distributors

L__ v __
o—‘ Brand owners / OEMs

—©

@ |____]___l

Waste managers

>
accenture

Responsible Care

Our commitment to sustainability

Sustainability lab as-a-service
Offering sustainable lab services (e.g. testing), to customers against
a volume-based fee.

Product steward
Collaborating directly with downstream value chain partners, such
as brand owners to develop sustainable/circular solutions.

Recyclate application specialist

Leveraging application and technology expertise by providing
application development services for companies interested in
providing secondary raw materials to the market.

Secondary raw material provider

Integrating capabilities such as waste collection, sorting, reverse
assembly, and recycling asset operations to get access to high value
material streams, that can be cycled back to the value chain.

Certifier of recycled materials and products
Engaging in certifying the sustainable/circular provenance of
secondary raw materials and products.

End-of-life stream supply/demand matching platform
Acting as a platform operator securing stable waste stream feeds at
agreed volumes and specifications by bundling market volumes,
clearing demand and supply and optimizing transport routes.

Carbon/molecule manager

Offering carbon management services (e.g. reporting & analysis
tools and advice) to help downstream customers achieve their GHG
reduction targets.

20
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Footprint reduction is dependent on emission free electricity

We lower the national footprint and move towards climate neutrality.

6,1 Mt 31 TWh/y

CO, ekv/y
Steady and secure supply of

emission free electricity at a globally
competitive price

2.6 bn€/y

Chemical industry investment need
especially in process equipment, RDI
+70% and new technology

1.2 bn €/y 1.2 bn €/y

7 TWh/y CARBON NEUTRAL Greenhouse gas emissions from

CHEMISTRY 2045 | everyday operations

0 Mt CO, ekv/y

PILOTING AND DEMONSTRATION COMPETENCE INFRASTRUCTURE

2015 2025 2035 2045 2050

S
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Electrification _ Sector integration

The role of circular gases in this transformation

Emission free
hydrogen

Methanol

Methane

Ammonia

ENERGY PROCESSES RAW MATERIALS

- END PRODUCTS
P
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KEMIANTEOLLISUUS
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We have optimized the use of fossile feedstocks

Gasoline for
1050km trip

t

Ethylene 276m?2 of film for greenhouses

146m of water pipe

4 beer cases or
Polypropylene —
Propylene YRICRY 30 rolls of garment

Acrylonitrile  =———_ 21 sweaters or
5 blankets

/72 liters of Butadiene 1 car tyre or
s ’ —
naphtha Butenes Elastomers <: 13 bicycle tires
3 automobile tubes or

c I 13 bicycle tubes
AepElleci === (Cgprolactam \
1 500 pairs of panty hose

—m— Fuel for
above

1 barrell of petroleum

€

>
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Polyethylene

21 shirts
Ethylene egchv 6 garbage cans or




The new circular economy

Hydrogen economy

Bioeconomy

Organic feedstock

Recycling economy

Resource efficiency

Inorganic feedstock

P
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Handprint evolution requires a feedstock revolution

We lower the global footprint with chemical industry products and solutions.

2015

2050

2015

2050

. :
KEMIANTEOLLISUUS Y Responsiie Care @ AFRY .



Future feedstock in the chemical industry

Atmosphere

CO, emissions

Ej
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a . r |z a = | 98
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!:OSS” economy L Fossil/Mineral Oil & minerals E (.:)n n £ % é
Mineral economy K ]| 3 = 3 H
2 2 : [l
Circular economy Circular Recyclates 8 i

P
Recycling

Sidestreams

Mechanical & chemical recycling

.
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Chemistry enables circular economy and
climate neutrality

INCINERATION /

- PROCESSES \

ATMOSPHERE

CARBON
END-OF-LIFE CAPTURE  PHOTOSYNTHESIS
(co2) ¢

Mechanical Chemical Energy cO2

recycling recycling utilization e terial

Bioeconomy

PRODUCTION

Heat / electricity

Carbon as
a raw material )
Biomass as
a raw material
ECODESIGN

.
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Lower footprint and higher handprint creates value

The climate is global, Finlands EMISSION REDUCTIONS GLOBALLY
global impact should always be

taken into consideration. Both
footprint and handprint.

GREEN EXPORT POTENTIAL
An investment in Finland is an

investment for the
environment!.

increase

EMISSIONS IN FINLAND

Footprintin 2018 Future handprint Export between 2009 Future export potential
and 2045 potential and 2018 / year / year

&
© . 1
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SYRY

uudenympristindikaattorit Loppuraportti18.1.2019.pdf



https://kemianteollisuus.studio.crasman.fi/file/dl/i/4x_RJw/9PJbULTxZbLF5pO_PFC9Jw/Vientiteollisuudenympristindikaattorit_Loppuraportti18.1.2019.pdf

Lower footprint and higher handprint creates value

EMISSION REDUCTIONS GLOBALLY

26 Mt
co,
eq./y

10 key technologies: GREEN EXPORT POTENTIAL

- Renewable fuels

- Low emission desalination

- Bio-based resins

- Bioethanol

- Chemical plastics recycling

- Bioplastics from biocrude

- Battery chemical recycling

- Synthetic fuels & chemicals

- Biotechnology and
metabolic routes to
enhance use of gaseous
feedstock

- Gypsum for fertilizers

increase

Future handprint Export between 2009 Future export potential
potential and 2018 / year / year
& l
KEMIANTEOLLISUUS s ‘ &f—‘iﬁggfﬂﬂgsgﬁg A F R Y https://kemianteollisuus.studio.crasman.fi/file/dl/i/4x_RIw/9PIbULTxZbLF5pO_PFC9Iw/Vientiteollis -
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With cooperation towards a carbon neutral chemical industry
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CHEMISTRY Growing climate ambitions in companies

NESTE

The only way is forward

Kemira

12 March 2020

Neste sets an ambitious target
for carbon neutral production by
2035

Published in Releases and news under Climate change, Sustainability
% emissions, sustainability, GHG, climate, carbon neutral

02/11/2020 - PRESS RELEASE

Kemiraraises its climate ambition
to carbon neutrality by 2045

A
Kemira Oyj
Press Release

February 11, 2020, at 8.35 am (CET+1)
Kemira raises its climate ambition to carbon neutrality by 2045

Kemira joins the growing ranks of global companies aiming for carbon neutrality and

supporting the Paris Agreement.

Kemira has set a target of 30% reduction in combined so-called Scope 1 and Scope 2
greenhouse gas (GHG) emissions by 2030, from the 2018 baseline of 0.93 MTCOZ2e. The
long-term ambition is to be carbon neutral across the whole company by 2045 for

combined scope 1 and 2 emissions.

01.02.201%

Kiilto’s ambition of environmental leadership
results in Promise to the Environment

Having long-term focus, safety, and high quality has always been integral to Kiilto's
operations. Environmental responsibility is built into our processes. The drive for
continuous improvement shows in our efforts to use more environmentally friendly raw
materials, to engage more in the circular economy, and to use energy efficiently. Our desire
to be the environmental leader in our field of business guides our actions.

We will achieve this leadership through our actions. In Finland, we launched the Promise to the Environment project
in spring 2018, with the goal of setting concrete, ambitious, and guantifiable environmental targets to have major
impacts on matters that have positive environmental impacts. The project is divided into segments, and the
measures concern material choices, packaging and logistics, services, and energy solutions.

By the end of last year, the ambitious objective of environmental leadership had crystallised into the corresponding
CONCrete promises:

»  Green material choices: We are the leading company in the circular economy.
»  Green packaging and logistics: Positive environmental impacts are the foundation of our packaging solutions.
»  Green services: Kiilto Pro Services offer the best circular economy solutions in the business.

»  Green energy: All our company operations will be carbon-neutral by 2028.

(]
P
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New energy sources

Kemira signs wind power deal to
support climate ambitions

.% s
KEMIANTEOLLISUUS ‘ﬁ?i&ﬁﬂi'}?lis&;‘bﬁi

22 October 2019

Neste to start using wind power
at its production sites in Finland

Published in Releases and news under Climate change, Renewable solutions
® climate change, emissions, Carbon footprint, sustainability, neste

| n—

Neste Corporation, Press Release, 22 October 2019 at 9 a.m. (EET)

Ymparistd
Suomen suurin aurinkovoimala Kiillolle

| emplis

Jarmo Seppdld 22.2.2008 17:42

Aurinkovoimalan toimittaa Naps Systems Vantaalta. Laitos
sijoitetaan Kiillon tehtaan katolle Lempaalaan, ja se otetaan
kayttoon lokakuun aikana. Laitoksen sahkoteho on 66
kilowattia.

KIILTO OY
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Emission reduction with fuel changes

Norilsk Nickel korvaa raskasta polttooljya

» Oil -> LNG nesteytetylla maakaasulla

° Em |SS|OnS —100 OOO tons Norilsk Nickel Harjavalta alkaa ostaa nesteytettyd maakaasua vedyn
valmistukseen ja energian tuotantoon. Kaasua toimitetaan

° Door Open for next Step (b|ogaS) suurteollisuuspuistoon ensi vuoden syksysta alkaen.

| Talous 18.8.2015kl0 15.22

NORNICKEL

HARJAVALTA

&
KEMIANTEOLLISUUS S Responsible Care



District heating from a chemical hub

Kilpilahden hukkalampohanke etenee — kattaisi
toteutuessaan neljasosan paakaupunkiseudun
kaukolammon tarpeesta

17 tammikuu 2020, 07:00

Fortum, p&dkaupunkiseudun muut energiayhtict seka Kilpilahdessa toimivat Neste ja Borealis teettivat

vuonna 2019 esiselvityksen Kilpilahden hukkalammén hyddyntamisestd kaukolammaon tuotannossa.
Hukkaldmpdhanke etenee nyt kannattavuusselvitysvaiheeseen. Alustavien arvioiden mukaan hanke maksaisi
toteutuessaan 700—1 000 miljoonaa euroa. Porvoon Kilpilahden tehdasalueelta saatava hukkaldmpé riittdisi
kattamaan noin neljdsosan koko padkaupunkiseudun kaukoldmpdverkkojen Iammaon tarpeesta, ja 18mpoa

riittaisi lisdksi Keravalle ja Sipooseen.

P
KEMIANTEOLLISUUS W o i b

MNESTE

The only way is forward

@fortum

E BOREALIS

Keep Discovering
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Synthetic fuels and sector integration

Synteettisten polttoaineiden pilotlaitoksen
selvitystyo Joutsenoon kaynnistyi

LUT-yliopisto ja ryhma yrityksid ovat kdynnistédneet synteettisten polttoaineiden pilotlaitoksen
toteutettavuustutkimuksen (feasibility study). Kyseessé on power-to-x-teknologiaan (P2X) perustuva
teollisen mittakaavan pilotlaitos, jossa tuotettaisiin hiilineutraaleja lilkkennepolttoaineita.
R
W —

L

| ® j,

; '—_;r.-!i "

B

Pilotlaitos sijoittuisi Joutsenoon, ja suunnitellun tuotannon paaraaka-aineet ovat Finnsementin Lappeenrannan tuotantolaitoksen paastdista talteen
otettava hiilidioksidi ja Kemiran tehtaan tuotannon ylijaamavety. Hiilidioksidi ja vety yhdistetaan kemiallisessa synteesissa, josta saadaan synteettista
metanolia.

.% s
KEMIANTEOLLISUUS ‘ﬁ?i&ﬁﬂi'}?lis&;‘bﬁi

YT

Kemira
NESTE

The only way is forward
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The VTT BECCU project — utilizing biobased CO2

Heat, power, transportation fuels and fully
CO, - based polyol products for plastics industry

Feedstock
Biomass pretreatment &
refining

Ethanol, chemicals,
fertilizers, fibres

B raw material

Il intermediate product
Il end product

KEMIANTEOLLISUUS

Biogas

production or

Power & heat

H, to biogas

bio-CHP

market

I Power grid

Gas treatment &
CO, capture

Transportation
fuels

suppty

Electrolyser for
R H, production &

balancing

H,0 =——b

i grid balancing

boosting

v

Industrial by-
product H,

Transportation Unsaturated
fuels & heat

fatty acids

1 Polycarbonate &
! Epoxides polyether polyols
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Our commitment to sustainability
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The only way is forward
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Circulating battery chemistry back into use

m Battery Materials Circular Economy

Metal mining & refining

Akkukierratys vauhtiin Suomessa — Sahkoautojen akkujen

A ; - 10! 104 0J€ Uj A Cathode active material
materiaaleja aletaan kayttaa uudelleen, eivat paady enaa
iatiesksy N / Battery cell

-

Metal extraction Cathode

5p‘°°
q Spmo
~ w u Al N Mo Co ‘
\ Scrap

=z Lithium-ion battery
) ‘/”—_\
Collection & dismantling
end-of-life battery packs \‘
»

\ » /
% Electric car

Nornickelin Harjavallan kemikaalitehtaalla tyoskentelee Kari Mankonen n [ | B ASF | I
prosessinhoitaja Ilkka Kallio. Tehtaalla tuotetaan o r U m

nikkelikemikaaleja ja kobolttisulfaattia, joita kaytetaan -
We create chemistry NORNICKEL

akkuteollisuudessa.
5] HARJAVALTA
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m
W WOIKOSKI
WOIKOSKI AVAA EUROOPAN

SUURIMMAN
ELEKTROLYYSIMENETELMAA
KAYTTAVAN VETYTEHTAAN

12112014 14:00:00 EET | Oy Woikoski Ab
& ¢ [-]v[o]=]0)

LEHDISTOTIEDOTE / JULKAISUVAPAA 12.11.2014 KLO 14.00. Suomalainen
perheyritys Oy Woikoski Ab rakentaa vahvasti vety-yhteiskuntaa, ja avaa
ténaan uuden vetytehtaan Kokkolaan. Tehdas on Euroopan suurin vedesta
elektrolyysimenetelmalla vetya tuottava laitos, joka valmistaa samalla
ultrapuhdasta happea. Woikoski visioi vetyyn ja yritys on panostanut
voimakkaasti viime vuoden aikana sen tuotantoon, logistiikkaan ja
kayttésovelluksiin. Woikoski haluaa viitoittaa tietd kohti isempaa
yhteiskuntaa: uusi vetytehdas, vedyntankkausasema ja polttokennoauto

Ineista.
UUTISET

AKkkukierratys vauhtiin Suomessa — Sdhkéautojen akkujen
materiaaleja aletaan kayttaa uudelleen, eivit paddy enaa
jatteeksi

Yaran investointi vahen
merkittavasti
kasvihuonekaasupaastoja
Uudenkaupungin tehtaalla

nikkelikemikaaleji
akkuteollisuudess:

Yara investoi reilu 7 miljoonaa euroa Uudenkaupungin typpinappotehtaaseen.
Investointi vahents3 tehtaan kasvinuonekaasupasstsja 90 prosenttia ja on
tirked askel kohti Yaran hiilineutraalisuustavoitetta.

https: //www.kemianteollisuus.fi/fi/uutishuone/juttusarjat/hiilineutraali-kemia/

Liimatehdas valjasti hukkalammon
hyotykayttoon: Paastot putosivat ja
energialasku pieneni 100 000 euroa
vuodessa

Lampapumppujen ansiosta tehdas tarvitsee fossillista maakaasua
13hinné kylmimpina pakkaspéiving.

| Fukdalsmpo 2552019 ko 192

| Synteettisten polttoaineiden pilotlaitoksen
selvitystyo Joutsenoon kaynnistyi

Hukkalamman hydyntamiselia on valte

LUT-yliopisto ja ryhmaé yrityksia ovat kdynnistaneet synteettisten polttoaineiden pilotlaitoksen
toteutettavuustutkimuksen (feasibility study). Kyseessa on power-to-x-teknologiaan (P2X) perustuva
teollisen mittakaavan pilotlaitos, jossa tuotettaisii ineutraaleja lilkennepolttoaineita.

Jotantolaitoksen paasidista talteen
Yeesissa, josta saadaan synteetista

toteutuessaan neljasosan paakaupunkiseudun
kaukoldmmon tarpeesta

17 tamemikuy 2020, 0700

Fortum, pakaupunkiseudun muut energiayhtidt sek Kilpilahdessa toimivat Neste ja Borealis teettivit
vuonna 2019 esiselvityksen Kilpilahden hukkalimman hysdyntimisests kaukol&mmén tuotannossa.
Hukkaldmpahanke etenee nyt kannattavuusselvitysvaiheeseen. Alustavien arvioiden mukaan hanke maksaisi
toteutuessaan 700-1 000 miljoonaa euroa. Porvoon Kilpilahden tehdasaluesita saatava hukkalsmps riittéisi
Kattamaan noin neljsosan koko p&ékaupurkiseudun kaukolEmpeverkicjen mmén tarpessts, ja mps 43

riitisi lissksi Keravalle ja Sipooseen.


https://www.kemianteollisuus.fi/fi/uutishuone/juttusarjat/hiilineutraali-kemia/

For more information contact:

Climate

Traffic Energy
Weyell
Health and need Natural
. atura
well-being Chem|8tr\/ resources
Rasmus Pinomaa Nutrion Clean water

Project Manager
Climate neutral chemistry

| rasmus.pinomaa@kemianteollisuus.fi
+358 40 586 3705

¥ @RasmusPinomaa
#hiilineutraalikemia
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