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480.000 ton/ar

Fossile CO
(160.000 t/&r)

Biogent CQ
(320.000 t/ar)

Negative

CQ
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Paris agreement
- Below 2°C
- CCS key




Carbon Capture in Oslo

0 0 0 0 0

Goal to capture about 400 000 tons CO, per
year, 90% cleaning of CO,

CCS at Waste-to-Energy plants will capture
both fossil and biological CO, (50 % BIOCCS)

CO, transport to port via emission free cars

Successful pilot testing on real flue gas;
5500 test hours, up to 95 % capture

Technology supplier with full-scale experience
(Shell 6s amine), EPC col
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PROJECT CCS

Project timeline 1 8£§TBU%§

two alternative possibilities OSL&

Final investment Execution start date if

Final FEED- _ Final bid from Final FOV decision in the positive investment  Start of
report FOV to the State  hyestment decision\ Norwegian Parliament decision operations

>
31.10.19 20. April 2020 10. June 2020 Q4 2020 01.01.21 01.08.2024

Execution start date if
positive investment

Opening First Call Deadline Innovation Final result decision I.LF/Norw. Start of
Innovation Fund Fund Innovation Fund State/FOV operations
07.2020 29. Oct. Q4 20217 Q3/04 2026/20272
2020 20227

U Same overall goal, but different criteria and

parametres
12 U Increased uncertainty and risk related to delay Qfa?.fsgm




PROJECT CCS

CARBON

Large potential in an international perspective 8?LZ§TURE

A Our unigue technical and industrial advantages:

I Replicability. Operationalization and standardization
directly transferable to other facilities and cities in
Norway and Europe i 450 similar plants in Europe

I BIOCCS is becoming more and more important -
CCS on Waste-to-Energy will in practice remove
CO2 from the atmosphere

I Cities can reduce emissions from waste
management as part of sustainable urban solutions,
and close the cycle in a circular economy

I Utilizes the heat from the capture process back into
the district heating system

I Demonstrates capture of CO2 transport to port -
relevant to many emission points in Norway and
Europe

I CCS on Waste-to-Energy can cut large emissions
outside the ETS
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Bio-CCS

Dr Fabian Levihn,
Head of R&D Stockholm Exergi
Researcher KTH
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Bio-CCS vs CCS




Bio-CCS vs CCS

stockholm
g exergi



Background for bio-CCS

AMost pathways to limit global warming
according to the COP21 and the Paris
agreement relay on carbon dioxide removal
(CDR) from the atmosphere through BECCS

AEU long term strategy requires 281-606 kton
CO2 p.a. of CDR.

ASOU 2020:4 show Swedish climate change
targets requires up to 10 Mt p.a.

A Great regional differences in potential for
different CDR.
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Great potential for heat recovery from a
CCS process

Energy loss <2% possible

Avaialability of steam and electric power
Port (largest vessel handled 40 OO0 tonnes)
Big point source of biogenic CO2

Crowded
Proximity of the city




Thanks

fabian.levihn@stockholmexergi.se
+46725498582
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How It allworks

) @ Electricity

Scrubber system, m

Waste
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ARC CQcapture and heat balances

-
COy-lean

Flue Gas

Stack

Scrubber system,

Absorber

Rich
Amine

, h;a;iing
J Lean

L40°C Amine

Desorber

12°C 60barg
E CO; for

Utilization and

Sequestraion

120°C 25barg

‘ Steam




ARC: med og uden Gdangst

Basis: Uden Carbon Capture

Elsalg 57 MW
--1‘-\-‘—\-“"‘--...
T~ Turbine
T 130 MW
Kedel og
o absorp. varmepumper
Fjv-salg 189 MW

Scenarie 1: Dampudtag og fuld varmepumpeudnyttelse

A
'_/ .'."
P p Elsalg 18,7 MWe
50 MW
11.8 MWe 18,5 Me
v — Y
- - .\\‘\

7.2MW Varme-
pumper

Fjv-salg 237 MW

B8 MW { |
\ 4 v \ 4 70,2 MW >



Conclusion

The study shows that implementation of a CO, capture and conditioning plant recovering 78 ton
CO./h with neutralization of the penalty on the existing W1E district heat system by advanced heat
integration is feasible. Heat integration includes internal heat integration within the carbon capture
and liquefaction plant in order to minimize steam extraction, as well as heat integration with the
district heat system and upgrade of waste heat from the carbon capture plant, by use of new heat
pumps or reuse of four of the eight existing absorption heat pumps at ARC.




Overordnet plan

The applied project in a broader, collaborative perspective

The applied project is the second, third and fourth phase in ARCs journey to eliminate CO; from ARCs operations. These
phases are:

e Phase 1: Pre-study and initial preparations (completed by Rambgll prior to this application)

e Phase 2: Testing, proofing and design — Stop/Go decision (this application)

e Phase 3: Construction and commissioning of 12 tons CO; per day pilot plant (this application)

e Phase 4: Demonstration & Operation of pilot plant and network activity

e Phase 5: Full-scale 480,000 tons/year CO2 carbon capture at ARC and Project Greensand (2023 -)

The timeline in these five phases is shown in Figure 2.

Pre-study . . .
(concluded) | This application

Full-scale

Phasel: Phase 2

Pre-study - hypothesis Testing, proofing &
for achieving energy design
reduction of CC process.

Phase 5:
Large scale
deployment
Stop/Go

Primo 2020 Ultimo 2020

Ultimo 2023 -




amager ressource
center


http://www.a-r-c.dk/
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Northern Lights CCS =

A European CQransport and storage network

Carbon capture and storage: I
Kjetil Wilhelms ' T

https://northernlightsccs.com
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