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Carbon2x —
Sustainable materials
from CO:z emissions of

waste incineration

Tony Rehn, Carbon2x Program Director
Fortum Recycling & Waste
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Fortu 'T.‘ ; Waste-to-Energy plants
to treat municipal solid
ReCYCIIng & WaSte & waste and industrial waste and to

produce energy

Leading the change towards a low-emission energy
system and optimal use of resources

We have a strong Nordic presence, and we offer High temperature incineration
to treat hazardous waste and to

our services globally. produce energy

Today we have over 1000 employees and a g
comprehensive network of around 30 offices.

Recycling facilities
to recycle plastics,

metals, ash and lithium-ion battery
chemicals

Our goal is to support our customers’ business by
conserving natural resources and promoting
circular economy.

O&M services
To provide operation & maintenance

services to ensure power plants run
sustainably, safely, and economically

Kenya Tanzania
Rwanda
Uganda




What is the role of Waste-to-Energy Today ?

There are 504 Waste-to-Energy
plants operating in Europe.

European WtE plants treat over
101 miillion tons of waste and
generate ca. 10% of Europe’s

district heating energy.

CEWEP — Confederation of European Waste-to-Energy Plants
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From Waste-to-Energy to
Waste-to-Materials

Building the next generation of circular economy — by rethinking CO2
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Scarcity of raw materials
Rising material extraction has shrunk global circularity — this leaves a huge
circularity gap
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Materials that are cycled back into the global economy after the end of their useful life, otherwise known as
secondary materials, account for only 7.2% of all material inputs into the economy.
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CO. can be recycled by both nature and industry
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Why Do We Need to Recycle CO2 ?

1200 Mt

Global demand for plastics is
expected to grow threefold by
2050. 400 Mt

2018 2050
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nova-Institut, Carbon Dioxide (CO2) as Chemical Feedstock for Polymers, 2021; VTT, Lehtonen et al., 2019 cleaner world



Why Do We Need to Recycle CO2 ?

90% of plastics today are
produced from fossil feedstock.

400 Mt

Bio-based: 4 Mt
Recycling: 36 Mt
Fossil: 360 Mt

2018
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Why Do We Need to Recycle CO2 ?

1200 Mt

CO,-based: 315 Mt

Fossil-free plastic production
requires alternative feedstocks
in addition to recycling.

Carbon capture and utilisation
are part of the solution.

Bio-based: 135 Mt

Recycling: 750 Mt

Bio-based: 4 Mt
Recycling: 36 Mt

Fossil: 360 Mt Fossil: 0 Mt

2018 2050

@fortum

nova-Institut, Carbon Dioxide (CO2) as Chemical Feedstock for Polymers, 2021; VTT, Lehtonen et al., 2019 cleaner world
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Key Benefits of Carbon2x

Circularity

CarbonZx increases the circulation of
materials by complementing mechan-
ical recycling. There will always be
materials that cannot be recycled —
at all or anymore. As they are used as
energy, Carbon2x captures the CO2
released in incineration and turns it

into new raw materials.

New sustainable materials

Carbon2x turns waste into valuable
feedstock for new products, such as
high-quality plastic than could be
used for food and pharmaceutical
packaging. This has not been possi-
ble with mechanically recycled plastic

due to hygiene reasons.

=
&9
Climate action

CarbonZx enables a lower carbon
footprint by capturing and recycling
carbon (CCU) from waste inciner-
ation. It can help decarbonize hun-
dreds of waste-to-energy plants in

Europe alone.




himaki, Finland

Carbon’z\X pilot in Ri
) S g

- The Riihimaki pilot in 2022 was one of the worlds first CCU projects ever
demonstrated on a WtE plant

- The goal of the pilot was to test the carbon capture and utilization of Fortum’s
Riihimaki waste-to-energy plant’s carbon dioxide (CO2) emissions.

- The pilot looked specifically at the production of methane as an intermediate step
by combining the plant's CO2 emissions with hydrogen

- The results of the pilot have boosted Fortum’s 3-year research project that aims to
produce CO2 based plastics out of our captured CO2

§ 76\ > i ®

PHASEI PHASEII PHASEII

Converting our own CO, into . .
Carbon2x concept development 9 ¢ Selling Carbon2x as a service
products we can sell

and pilots for industries
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Roadmap for Waste-to-Materials Program

FINLAND

DENMARK

UNITED KINGDOM

SWEDEN

Technology Piloting

Industrial Demo Plant

Commercial scale-up

Technology Piloting

Industrial Demo Plant

Commercial scale-up

Concept study
Feasibility study & piloting

Commercial scale-up

Concept study
Technology piloting
Industrial Demo Plant

Commercial scale-up

2022

2023

LOCATION REDUCED CO, END PRODUCT PARTNERS
Riihimaki, Finland 300000 t CO2 based plastics
1,5 kt of plastics
> 10 kt of plastics
Nyborg, Denmark 150 000 t TBD
Glasgow, UK 350 000 t TBD
Kumla, Sweden 150 000 t TBD

2024

2025

2026

2027

2028

2029

2030



- Fortum Recycling & Waste
. Tony R . Ca bon2x Program Director,
' hn@fortum.com
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