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CCUS & the North Sea

A Steppingstone Towards Net-Zero

0 CCUS and the North Sea

Who are the big names?

Which countries are leading the pack?
Pioneering projects

) comparison With U.S. CCUS
* Storage site selection and economics
Well containment risk
Compare, contrast and collaborate

e Conclusions

What has the North Sea achieved?
What can be learnt from the U.S. to move forward?
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North Sea
Making Waves With CCUS

« Country-level goals

* Projects and stakeholders
« Sleipner and Greensand

« Spatial challenges

« CCUS trailing renewables

* EU and country-level funding
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Ambitious Goals Across Europe
Fit for 55 Sets Benchmark for Targeted GHG Cuts (and CCUS Capacity)

2030 2050

Netherlands 49% 95%:; net zero

UK 68% (20-30 mtpa) Net zero emissions
Germany 65% Carbon neutral (2045)
Norway 50-55% 90-95%
Denmark 70% Carbon neutral
France 55% Net zero emissions
Belgium 55% 80-95%, carbon neutral
EU 55% (50 mtpa) Climate neutrality

Source | Enverus Global Scout

=NVERUS

CCUS and the North Sea | A Stepping Stone Towards Net Zero | 5



*  Equinor Leads the Charge

1.7 mtpa at Sleipner West & Snghvit
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Who Will Follow?

150+ mtpa Storage Potential
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North Sea CCUS Pioneers

Project Sleipner !IE
Himn

» Operated by Equinor

ﬂj . Project Greensand

» World's first cross-border offshore CCS

» Been in operation since 1996 . INEOS, Wintershall Dea + 21 partners

Kristiansand

» Successfully stored 20+ mt CO, . Ty MPJQ.SS“' 1,800m below the seabed

* One of the longest-running and most Camgams
P ark

+ _ Pilot, 15kt @ Nini West ongoing
significant CCUS initiatives in the world. - - i Sea

* Ineos Oxide factory in Belgium

DENMARK
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_Edinburgh

+ Sleipner gas @9% CO, concentration Slaggow
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KINGD OM A\/-\Bmtpa in 2030 (Siri Fairway Expansion)
« Utsira Fm - 200-250m sst; 600 Gt storage"™
v f:Enjuglo-:. : @ I

+ US$100 million investment N U ool Manchieste: glamburg

Bremen
Nottingham a

I Hu\,..m.: NETHERLANDS("
~Birmingham

ENGLANI

» $17 per tonne vs. $85+ per ETS credit

—
Amsterdam: ta, Hanaver

_Bielefeld

Source | Enverus Global Scout
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CCUS Clashing With Offshore Wind

NEP CCS Overlapping Orsted’s Hornsea 4

CS001/Hornsea 4
150 sq km overlap
UK 2030 Goals
»  Four CCUS clusters, 20-30 mtpa
Homsea4—‘_\_¥ « 50 GW offshore wind (5 GW floating)
Hornsea 2
Hornsea 1 Homsea3 Wind and CCUS Complementing
« DAC

GIG-TotalEnergies
R4 Project 3
(Outer Dowsing)

a

» Ambient geophysical monitoring?

Wind Licence
1 CCUS Licence

Source | BP
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CCUS Lags Renewables Power

Top 10 Countries - Global CCUS Project Count (Planned)
Top 10 Countries - ET Project Type (Planned)
70 M Indonesia (18)
M Australia (15)
M Canada (7)
60
® UK (7)
M China (6)
= M Norway (6)
W USA (5)
. W Malaysia (2)
M Netherlands (2)
W Denmark (1)
20
M Other (8)
m -
10
II I Data captured by
| 5 B m [] .I R Enverus Global Scout
United Kingdom Denmark Spain Iretand Netherlands Germany Poland Sweden Finland Since February 2022.
m Carbon Capture mHydrogen mSolear mWind

Source | Enverus Global Scout
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EU and State Funding For CCUS

€150 Billion May Not Be Enough for a 4 Btpa, Multitrillion € Challenge

EU Support

Innovation fund
+ €10 Bn during 2020-2030
Horizon EU
+ €95.5 Bn, runs until 2027
State aid
+ Jan 2023 - €1.1 Bn Danish CCUS support
* Apr 2023 — €450 Mn ltalian green hydrogen
Supports demonstration projects (e.g., PCls)
+ €5.2Bn Hy2Use
Regulatory framework

Source | Enverus Global Scout

£NVERUS

Country Level

Netherlands

+ SDE++

+ €4.6 Bn, 3,500 projects - €2.1 Bn for Porthos
UK

» Spring 2023 budget

+ £20 Bn for CCUS rollout

+ 20-30 mtpa of CO, by 2030
Norway — Investment in macroscale demo projects

» Northern Lights - $1.2 Bn

* DAC - considering €177/t reverse tax subsidy
Denmark

+ €330 Mn CCUS subsidy pool
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U.S.A.

A CCUS Benchmark

« U.S. Adoption of CCUS
* Gulf Coast: A Hotbed for CCUS
e CCUS Economics and IRA 45Q

Alexandria
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» Importance of Well Data
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CCUS Adoption Supports Decarbonization Goals

U.S. Accounts for Nearly Half of Planned and Operational Capture Projects
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Source | Enverus Intelligence® | Research

=NVERUS

CCUS and the North Sea | A Stepping Stone Towards Net Zero | 13
Lo



U.S. Gulf Coast

A Hotbed for CCUS
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45Q Enabling CCS

$15-$125/T Cost Range Offset by Up to $85/T Credit

Total 45Q Credit Value

Natural Gas Processing Plant 3 (Capture, T’a"SP°rltaﬁ°" and Storage) «  45Q tax credit
Fertilizer-Ammonia 3 + DOE funding
Petrochemicals ‘ 3 + State-level incentives:
Refinery or Upgrader 5 * Federal loan
Oil Sands Processing Plant ‘ ‘ 6 guarantees (Title XV1i)
Natural Gas Power Plant ‘ ‘ | CarbonSAFE

» Also: CCUS Innovation

»

Ps Number of Projects
Cement 3 Underpinning Estimate Center and NEORI
Pulp and Paper 12
Iron and Steel ‘ 4
Coal Power Plant ‘ 8
$0 $25 $50 $75 $100 $125 $150

Capture Breakeven ($/tonne CO,)

Range Average
Note | Carbon capture breakevens are reported in $/tonne CO2 for a 1 mtpa facility over a 25-year project life using a 10% discount rate. Each sector range represents capital and operating costs scaled from an aggregate of active projects and engineering cost estimates for various technologies around the world.
Operating costs were calculated using $70/MWh for electricity and $3/Mcf for natural gas.

Source | Enverus Intelligence® | Research, IEAGHG, NETL, U.S. DOE, Alberta government
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Making CO, Storage Affordable

Porosity and Reservoir Thickness Are the Key Drivers
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Not All Wells Pose the Same Containment Risk I iieas

Highest Risk Comes From Older Deviated Wells in Hot Reservoirs Near Faults

Well Age: Reliability and quality of casing cement and cement plugs are

essential to prevent leakage. Degradation of these features occurs with time. Other Considerations:
* Well density
¢ Fluctuations in oil price and regulatory environment
* Operators and well owners
é% Topography: Elevation change across ¢ Location and state regulatory environment
packages of land increases decommissioning costs.

Well Plug Date: Well plugging techniques and policies
have improved over time. Older plugs present greater risks.

NZNISE

Chemical Factors: Chemical corrosion
and degradation in the presence of H,S
and other volatile/reactive compounds.

® , —gwlr_

/N\/NZTSPrE

Geomechanical: Fault slip can induce
well shear, impacting wellbore integrity.

Deviated Wells: More prone to challenges
with cement integrity and plug setting.

®

m Well Depths: Decommissioning
cost rises with increasing depth.

Well Completions: Hydraulic fracturing and
thermal recovery increases wellbore risk.

Well Temperatures: Higher absolute well temperature and wells
G exposed to temperature cycling increase risk to wellbore integrity.

@
Source | Source | Enverus Intelligence® | Research, Modified from van Oont 2022 — EVO Energy Consulting, Enverus Core
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Gulf Coast vs. North Sea

Some Overlaps, Some Differences

U.S. Gulf Coast North Sea

Concentration of petrochemical and refining industries
Extensive O&G infrastructure (less dense in northern Norway)

Supportive government policies & incentives (n.b. UK, Norway)

Federal government pays ETS + EU/gov’t development funding
Largely onshore Mainly offshore potential
Significant CCUS investment already Only Norway has large-scale carbon storage

Source | Enverus Global Scout
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Europe-U.S. Co-operation
European Countries Sign Up to COP28 Carbon Management Challenge

UK, Norway, Denmark & EU

« Joined by Australia, Canada, Egypt, Japan, KSA and UAE
* Four “Pillars of Action™

1. Decarbonising energy

2. Ending deforestation

3. Tackling non-CO, GHG

4. Accelerating CCUS and CDR technologies

Source | Enverus Global Scout
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Summary and Conclusions

Where We Are Now? Where Are We Going?
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Summary

° All Elements of CCS Value Chain Are ‘Mature’

» Has not been done at many sites, few analogues

» Have been in commercial operation for decades

o Key Factors

» Geological storage resource

Differential CO, capture costs

Scale of capture facilities

Transport infrastructure

Cost of energy and capital

o Cost Reductions Achieved by “Learning by Doing”
Improved CCS technologies have reduced costs over past 10-15 years

Competition between vendors

Larger developments benefiting from economies of scale

New tech and commercial synergies

=NVERUS
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Conclusions

° Challenges Across Value Chain
« Biggest uncertainty is subsurface
« Natural gas CO, is “easy”; can we process other CO, economically?
« Will industry guarantee long-term emissions for CCUS?
« CCUS has to work at €80/$85

0 Strong Policies Needed
* No market otherwise and no other way to execute
» Explore different solutions
« Balance development benefits of collaboration with cost gains from competition
» Successfully regulate and mix CCUS and renewables

o Differential CCS Landscape Emerging?

« Europe reducing emissions
« U.S. finding new industry — less urgency on emissions
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Questions

© Copyright 2023 Enverus. All rights reserved.

All works of authorship including trademarks, service marks and logos contained herein are owned by
Enverus and may not be copied, redistributed, shared or otherwise used in whole or in part without the prior
written consent of Enverus. This material is provided for information purposes only and no representation or
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