Hafslund Oslo Celsio
CCS project

Waste-to-Energy with negative emissions



Celsio a\ Colsio

1145
Apartment building 1244
Commercial
3344 buildings
\\ Hafslund Oslo Domestic housing —
\ Celsio District heating

possible to ships

—  — $| i |
- l ' I

EEOHBEC®

ENERGY RECOVERY
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WASTE/ YEAR ALLOGLES: distributed District cooling
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Celsio with new owners

& Hafslund

\ Eco

(60 %) (20 %) (20 %)

HITECVISION [ infranode

* Agreement signed 22. March 2022
* Transaction completed 19. May 2022
* FID 28. June 2022, start 1. July 2022

* CCS financing secured with contributions
from State, City of Oslo and Celsio

& Hafslund C.)slo
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Héfsluna Eéo kjaper 56 'bro;enut
av Fortum Oslo Varme - prises til
20 mrd.
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Oslo sgrger for karbonfangst
med ramme pa over 9 mrd.

Hafslund Eco, Infranode og HitecVision gds sammen om & kjope Fortum Oslo
Varme, Oslo kommune og partnerne garanterer samtidig for karboafangst pd

De vil satse milliarder pa a kjole
ned folk i Oslo

De nye eierne av Fortum Oslo Varme har planer som gar langt utover fangst av
CO.. De lover a investere nzer 10 milliarder kroner i bade fiernvarme og
fiernkjoling i Oslo de neste arene




World’s first full-scale CCS project Q& e
on Waste-to-Energy
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Northern Lights storage concept
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Based on seismic data
from CGG

31/5-7 (Eos)

Seabed
1 Mordland Group
1 Hordaland Group
B Heather B
Bl Fensiord

B Heather A
I Brent
El Krossford B Cvake primary seal unit Johansen storage unit

B Rogaland Gp secondary seal complex B Draupne Fm secondary seal eomplex
B Shelland Gp secondary seal complex B Heather C

B Cromer Knoll Gp secondary seal complex Bl Sognefjord

[ Cook storage unit Bl Amundsen

I EBurton B Statfjord

#4 Troll Vest gas province

Northern
Lights
High pressure and temperature

CO2 injected in a porous sandstone layer
Layer(s) of shale above the sandstone

The CO2 will slowly dissolve in the salt water

Over time the CO2 will form into minerals

All data (83 GB) from well
made public



Methane from landfills ~20% of global warming

CCS is the only effective solution to reduce
emissions from end-of-life treatment WtE

50 % of the waste is biogenic, providing
negative emissions

500 existing similar plants in EU today

40 Mill tonnes missing capacity for treatment
of residual waste (EU)
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CCS project financing FID 2022 X\ Celsio

*Total Project cost 910 Mill EUR

« CAPEX 550 Mill EUR L . Z?(rzlziest?gizt?r:;gtﬁgrway
« OPEX 350 Mill EUR for 10 years operation gL B0l M

«State support 300 Mill EUR

+10 years transport and storage service
+10 year support period for operations;

Payment per ton CO2 delivered at port (= ETS price) Oslo City Hall
City of Oslo direct investment in preference shares of
210 Mill EUR
N Celsio ¢
*Remaining funding 390 Mill EUR by Celsio |
Celsio plant



Cost increases causes pause

1) Inflation, power prices, market situation,
currency

2) Organization — neccessary with more resources

3) Area demand and infrastructure
a) Logistics and rig areas
b) Temporary solutions for parking, admin etc.
c) New entrance to incineration plant

4) Final location at Port of Oslo changed

5) Local power demand and timeline for new
transformator station
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Source: Bellona

Hafslund Oslo
Annual GHG & .
emissions are W= Celsio

still Increasing

Future enablers

Reductions, not removals,

are the bulk of necessary Avoided costs (fossil part of emissions)

action to reach net-zero. .
o * Norwegian CO, tax

 Future ETS price

gross emissions

net-zero

o Cannot be cheaper to move waste down the
g waste pyramid!
ﬂEJ Net-zero G s will take
. longer thar zero COs. "
@ 1. Carbon removal (CDR) certificates (BECCS)
= 2. Net Zero Plastic certificates
Before net-zero At net-zero After net-zero '
Removals speed Removals balance Removals remove 3. Higher gate fee for carbon free waste services
net reductions ermissions Historic emissions 4 - mproved standing for district heating
Atmos I’J eric (GHGs Atmo: ;,;,. weric (3HGs Atmo qp."‘-pr- 2H(Gs
increase, but slower are h_-J.*J.-e decrease
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Need for public funding of THE GAP, X g
but for how long? ¢ 5
v/ co,

Klimakur for Avfallsforbrenning i Norge

EUR/
tonn
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To sum up:

WLE is first and foremost sustainable handling of residual waste
CO2 handling on WtE will be a requirement in.near future (BAT)
Early stage; financing of CCS is a challenge

Important potential in carbon removal from biogenic waste (appr. 50 %)



