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CCS and Decarbonisation

A Norwegian Perspective
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What a low carbon energy system could look like
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Gas, a cost efficient backbone of a Dutch low carbon energy system

Climate Accord target Climate Law target

2020 - 2050

G Natural Gas enabling RES &
displacing more carbon intense fuels
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Norwegian processing industry roadmap, 2016

- Aims for double production & negative * Requires CCS - national effort to build industrial
emissions in 2050 CCS value chain should continue
- Need ambitious, long-term technology  Requires sustainable biomass - opportunity for

development programs — Process?21 Norwegian industry
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Large scale facilities in operation or under construction

Reprinted from: Global CCS Institute (2018). Global Status of CCS 2018

equinor

-

‘y

5|

Open



R7 4
“W

equinor

Storage mechanisms - increasing safety over time

Cap Rock

Secure CO, Storage Increases Over Time
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After IPCC (2005): Carbon Dioxide Capture and Storage

14 | CO2 storage safety and monitoring experience Open 27 June CRES


http://www.co2captureproject.org/co2_trapping.html

Estimated CO, storage capacity in Europe

EUROPE

Adapted from: Global CCS Institute (2018). Global Status of CCS 2018
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The European potential = understanding the scale

Location: Europe ®)
Emission Points: 1994 e A
Emitted CO, 1680 MTPA bre

Power and heat MNon-metallic minerals I Chemicals/Petroc...
Li..... Petrochemicals ...

Cement 118 mill. Ammeonia 24 mill.

Oil and gas

Heat 8... Refinery 128 mill.

Iron and steel
Iron an... Waste in...

TYRKIA

ICros rporation Terms

Che...

Electricity and heat 874 mill. Basic iron and steel 115 mill. MAROKXO

Source: Wendrava  CARBON LIMITS

8 | Northern Lights Project Open
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The European potential = understanding the scale

@

. O Grg%ngen
Location: The Netherlands
Emission Points: 83 @)
Emitted CO, 86 MTPA © o
Amsterd
Power and heat Qil and gas . i ©
O ey
o0
(@-‘\;/
» 8
O
Chemicals/Petrochemic... | Duisburg  _ *Dortmund
I Essen

Refinery 11 mill. k_}"\ Lo f\
‘Gsseldorf

,/
é Koln»®
i !
Iron and steel 7 mill. b Bmg ~ © 2010 Microsoft Corporation Terms
Electricity and heat 40 mill. N\ Brussel ZoTTTs

Source: Wendrava  CARBON LIMITS

Antwerpen

9| Open



g

equinor %
Northern Lights is part of Norwegian full scale CCS demonstration project

Ship-based transport & storage solution which enables industrial decarbonisation in Europe,
first phase with 1.5 MTPA capacity, second phase 5 MTPA capacity '

_0sLo / /
- - FOV Energy pees

f y
/ Recycling plant, Oslo

Cement Factory Brevnk
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Beginning of a European network for CO2 removal

[l Worwegian full-scale project
[ 3 party volumes of CO,
[ Atternative storage projects

Key dates

March 2019 - PCI

* September 2019 - MOU
* Nov/dec 2019 - Aurora
« 2020-21 -FID

* 20235 -in operation

o
.
.
<

ersion of map from the report
changing climate” {Bellona Europa, 2018).

11 | Decarbonizing Industry workshop - Hydrogen and CCS Open
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Development scenario: 1.5 MT per annum
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Development scenario: 5.0 MT per annum
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Development scenario: 20 MT per annum

Spanish and Portuguese 3" parties
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Development scenario: 100 MT per annum

Spanish and Portuguese 3" parties
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Several needs for regulatory amendments to make CCS happen

- London Protocol - to allow for cross-border transport of CO?2
- CCS Directive - to include ships in definition of CO2 transport network
- EU ETS Directive - to include ships in definition of CO2 transport network

- TEN- E (CEF) Regulation — to make ships eligible for funding

Open



Negative emissions

WHAT A ZERO CARBON CLUSTER COULD
LOOK LIKE IN THE HUMBER REGION

HYDROGEN
FRODUCTION

DRAX POWER FACILITY

STATION
NORTH OF - .
ENGLAND | : INDUSTRY

CARBON DIOXIDE {CO,) PIPELINE

HYDROGEN {H,} PIPELINE
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ZERO CARBON HUMBER PROJECTS TIMELINE

PHASE ONE: ANCHOR PROJECTS PHASE TWO: SCALE-UP OF BECCS AND HYDROGEN

O
2026 FANYN 2028-35  2028-40

Hydrogen (H,) demonstrator Carbon capture, usage and CCUS technology installed in all Hydrogen production scaled

and test facility constructed storage (CCUS) technology Drax biomass units generating up to provide low carbon fuel
at Drax Power Station installed on one Drax up to 16 million tonnes of to multiple end users (heat,
biomass unit negative emissions per year power, transport, maritime

and industry)

18 | Open



CCS and Decarbonisation

Lucie Boost

© Equinor ASA

This presentation, including the contents and arrangement of the contents of each individual page or the collection of the pages, is owned by Equinor. Copyright to all material including, but not limited to, written material, photographs, drawings, images, tables and data remains
the property of Equinor. All rights reserved. Any other use, reproduction, translation, adaption, arrangement, alteration, distribution or storage of this presentation, in whole or in part, without the prior written permission of Equinor is prohibited. The information contained in this
presentation may not be accurate, up to date or applicable to the circumstances of any particular case, despite our efforts. Equinor cannot accept any liability for any inaccuracies or omissions.
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Backup
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Timeline for Northern Lights phase 1

Company State decision

decisions

Pre-execution

Parliament

Commercial model

Confirmation well
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Early Norwegian investment decisions can enable rapid European capture
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2019 2020 2021

2022

20235

2024

2025

2026

2027

2028

2029

2030

National + EU CEF calls for studies and works (1-2 per year)

4

—5.0Mt/y

- 1.5 Mt/y

— 0.8Mt/y

National & EU : : o : :
: : ‘ | : ‘ o
funding Innovation fund , 5 I Innovation fund
1st call , : 1st decision
A B I
: o :
SR R :
T B
o [
: S : 3rd party capture
S :
1 Ty o
CCS projects [ )
o | | |
| | '-»V FID : : : : : :
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Norway FID : : - - - - - - i
—yv Norcem and FOV capture
011602619 [ Feasibility and Concept ]m
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Overview of existing and
planned CCS facilities
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International

Afsg_?g%tion FEBRUARY
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Producers 2019

CCS projects in Europe

Norway

1. Sleipner COz Storage*
2. Sneghvit COz Storage*
3. Northern Lights*

Sweden
13. Preem CCS

Republic of Ireland

4. ERVIA The Netherlands
14. Port of Rotterdam*
UK
15. Magnum*
5. Acorn

6. Caledonia Clean Energy
7. H21 North of England*

8. Liverpool-Manchester Hydrogen Cluster

9. Teesside Collective
10. OGCI Clean Gas Project*

France Belgium — =4
11. Lacg* 12. Leilac

* Project where IOGP members are involved
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CCS as enabler for hydrogen production

Clean Hydrogen

for power
generation

) for maritime
i Ll transport

B o (= .

24 | New Energy Solutions Open



H2M - Magnum, Netherlands
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Hydrogen is used

for generating
flexible CO_-neutral
electricity.

I~

Q Natural Gas

@ Hyorogenas ()

Electricity
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HYDROGEN

to Power Generation

- Energy: 8-12 TWh

- CO2 emissions reduction of 2 Mton/year

- Utilise existing gas power plants and gas infrastructure
- Switch fuel from natural gas to clean H2

- Clean, flexible electricity as back-up for solar and wind

- Launch large-scale H2 economy

- Partners:

GaswHe &
N VATTENFALL @
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Gas Networks

System approach to decarbonise residential heating and distributed gas

Energy: ~85 TWh (12.5% of UK population)
/12 GW hydrogen production

CO2 emissions reduction: 125 Mt CO2 pa
CO2 storage offshore UK / Norway

8 TWh (seasonal) hydrogen storage

CO2 footprint 14,5 g/KWh

HY D R O, (;i,ﬁ
to Heat : ~ | Unlimited system coupling

CAPEX: £23 billion
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