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Global Temperature and Atmospheric CO2
over Geologic Time
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Even more extreme in the distant past
« 7000ppm (x18) in Cambrian
4400ppm (x12) in Late Ordovician (also an ice age)
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Climate Change
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Global Temperature Changes

Global Temperature Anomaly (°C compared to the 1951-1980 average)
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Earth in 2021 was about 1.1°C (1.9°F) warmer than it was in the late 19th century,

Source: NASA Earth Observatory
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Temperature Predictions 2023
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Consequences of Global Warming

Warming Atmosphere

Dangerous weather events more common
and more intense

More frequent and intense drought
Violent Storms, 1-in-1000 year wave heights
Heat waves

Warming Land and Seas

Warming oceans
Rising sea levels
Melting glaciers, loss of ice

Destruction of habitats

Bleaching of sea corals
Direct harm to animals

Impact on People

Wreak havoc on people's livelihoods and
communities.

Access to Water
Loss of Ocean Atolls
Eco Fairness

- “eb2023



Land Projected to be Below
Annual Flood Level in 2050
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International Agreements

. Kyo’ro 1997 (in force in 2005, 15t period began 2008)

The Protocol applies to 6 greenhouse gasses including CO, and Methane.

— Countries required to prepare legally binding policies and measures for GHG
reduction

— Puts the main obligation on developed countries first

— 37 countries have binding targets, 4 ratified (Canada withdrew, US not
included

 Paris Agreement 2015:

— Commitment: global temperatures below 2.0C (above pre-industry) and try to
limit them below 1.5C

— Net zero emissions from 2050 became law for UK in 2019

— Implications: Implies at or after peak oil and half of all discovered oil may need
to remain in the ground

* Glasgow COP26 2021:

— The main objectives: commit to more ambitious targets to reduce emissions by
2030 and introduce measures for adaptation

— Global pledge to cut Methane and reduce deforestation
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International Agreements

. KyoTo 1997 (into force in 2005, 15 period started 2008):

The Kyoto Protocol applies to 6 greenhouse gasses including CO2 and Methane.
— Countries required to prepare legally binding policies and measures for GHG reduction
—  Puts the main obligation on developed countries first
— 37 countries have binding targets, 4 ratified (Canada withdrew, US not included

* Paris Agreement 2015:
— Commitment: global femperatures below 2.0C (above pre-industry) and try to limit them below 1.5C
— Be net zero emissions from 2050-2100 (2050 became law for UK in 2019)
— Implications: Implies at or after peak oil and half of all discovered oil may remain in the ground

Global greenhouse gas emissions GtCOye /year
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Global GHG emissions GtCOze /year

2100 Warming Projections (Nov 2022 Update)
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Conclusion: We will almost certainly need "Adaptation”

Source: Carbon Tracker (Based in IPCC)
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Global and Regional Risks for Increasing Levels

of Global Warming

(a) Global surface temperature change
Increase relative to the period 1850-1900
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(b) Reasons for Concern (RFC)

Impact and risk assessments assuming low to no adaptation
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Global Energy Supply
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UK Emissions by Sector
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Dorset's Yearly Emissions: 3.1mtco,/year

Carbon Balance Sheet (ktCO,e)
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Greenhouse gas emissions by sector
2020 (BEIS, 2022)
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Decarbonisation of the UK Economy
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The U K'S Dec I i n i ng Decarbonisation of the UK Economy

Jon Gluyas. Durham Energy Institute
2 i ' EAGE CO2 Underground Storage Workshop May 2021,
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Two Ways to Reduce Greenhouse Gasses

 Reduce Emissions
— Generate much more renewable energy
— More active travel, electrify transport
— Convert industry to hydrogen
— Retrofit households, convert to heatpumps
— Eat less meat and dairy

* Remove CO2 from Atmosphere

— Nature-based solutions
— Chemical based solutions (BECCS, DACCS)



About CCS

Copyright S&gﬂr Instigute of Science

and Teéehnology (SISTec)
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Carbon Removal Approaches

DIRECT AIR CAPTURE (DAC) = BIOENERGY WITH CARBON AFFORESTATION BIO CHAR
CAPTURE & STORAGE REFORESTATION SOIL CARBON
CO2 (BECCS) CO: CO2

CO:2

ENHANCED
WEATHERING

Co:

' / OCEAN

9 FERTILISATION

CO. STORAGE

* Land based (Photosynthesis) or Industrial based (Chemical)

« of All carbon removal approaches have different limitations and challenges of Scalability,
permanence, cost, impact on land use change and/or biodiversity, or other aspects.

* No single approach will meet the rates of carbon reduction required (Fuss et al., 2018).

Source: Carbon removal with CCS technologies, Eve Tamme, International Climate Change Policy Giles Watts Feb 2023



Greenhouse Gas Removal (GGR)
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Levelised, Unsubsidised cost of energy

Alternative Energy

I

|

Conventional Energy

Solar PV - Rooftop Residential $160 _ $267
Solar PV - Rooftop C&I $81 _ $170

Solar PV - Thin Film Utility Scale $36 I S44

Onshore Wind $29 - $56

Gas Peaking $152 - $206
Nuclear s$n2 _ $189
Coa s [ -~
Gas Combined Cycle $41 - $74

S0 S50 $100 S$150 $200 $250 $300

Levelized Cost (S/MWh)

$350

(Lazard 2018)
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Oil Companies Response

Driving down Emissions (Scope 1, 2 & 3)
« Lowering emissions of pollutants (flaring, Methane, Nitrous oxides etc,.)
« Some majors have now set ambitious targets to be carbon neutral in 25-30 years

Diversifying and Rebranding
 Diversify into solar, wind and hydro and rebranding as "Energy Companies”
« People, skills & experience in engineering - want to be part of the energy transition

Gas as a transitional fuel
« Refocus fowards gas as low-carbon "transitional” fuel - lower footprint

Carbon Capture and Storage

« Burn fossil fuels and bury the carbon

« Scaleable and likely to play a key future role but not carbon free
« Additional cost ~$20-40/barrel. Green community not convinced

The Hydrogen Economy

« High-energy, very light alternative with zero emissions

« Use in long-distance freight, trains, aeroplanes/drones, heating
* Green vs Blue hydrogen




What is CCS ?

Source: NSRA Web Site Giles Watts Feb 2023



What is Carbon Capture, Utilisation
and Storage (CCUS) ?

Capture Transport Utilization/Storage

CCUS Facility

& ol
Example presented for pipeline Other use
co, | Il
» » ——
> €O, Sources

Gas processing, industries, power, etc. :
f “ pow . Oil/gas

' ' ' Production increase

Utilization
Enhanced oil & gas recovery
Storage + Beverages,
Depleted oil & gas reservoirs
Greenhouses,

Carbonates
& Synthetic fuels

Storage
Saline aquifers

Source: TEEFA, Carbon Capture in the Southeast Asian Market Context. 2022.
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What is CCS ?

« CCS refers to a variety of processes which capture
and store carbon dioxide emissions, generally from
industrial processes. The carbon dioxide can then be
transported (pipelines or shipping), and stored, for
example within rock formations in the UKCS, including
depleted oil and gas reservoirs.

 Carbon Capture and Storage (CCS) is critical to the
UK achieving net zero - government aims to capture
and store 20-30 million fonnes of CO, per year by
2030 and over 50 million fonnes/yr by 2035.



Conceptualisation of CCUS vs CCS vs CCU

Enhanced Oil
Recovery  Fossil

(EOR) " Fyel

CCUS
cycles

Injection
Reinjection

Storage

Carbon Capture,
Utilisation & Storage
(CCus)

=73% of the total
capacity

Source: Sustainability Journal, MDPT, 2019.
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Greenhouse
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Transport

l

Storage cycle
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Carbon Capture & Carbon Capture &
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=27% of the total <1% of the total
capacity capacity
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A Solution to the Energy Trilemma

DEMAND FOR
ECONOMIC PROSPERITY
AND A JUST TRANSITION
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Dual Role for CCS in Climate Change

* Reducing Emissions

— Decarbonising Heavy Industry (Cement, Steel,
Chemicals)

— Clean Hydrogen Production (Blue Hydrogen)

— Reducing Emissions from recent Power Plants -
especially Coal and gas in Asia (Blue Power)

e Carbon Removal

— BECCS (Biochar & bioenergy + CCS). (Including
waste to Energy +CCS)

— DACCS (Direct Air Capture + CCS)



Pros

Carbon Capture and Storage
CCS and CCUS

Store CO2 permanently in underground

storage sites, e.g. saline aquifers or
disused O&6 field.

Decarbonize industry and power at scale
CCS is a proven and well understood.

Likely to play key role in climate change
targets

In 2019, 19 active projects storing 25
Mtpa CO2.

Carbon Capture (CCS) Bundogji, 2015,

0 Conventional cool-fired power plonts release CO; directly into the otmosphere
Plonts equipped with CCS will copture much of the CO; instead

Cons

Additional cost ~$20-40/barrel - more expensive than some renewables
Not “Zero Carbon”

However, future projects need to grow CCS by 20% per year to reach the target of

2800 Mtpa by 2050: a 70-fold increase.
Lacks a viable mechanism for cost sharing
Oil companies see a solution, many green activists do not agree

Giles Watts Feb 2023



The Carbon Capture Crux- Lessons Learned

* Failed/underperforming projects considerably outnumbered successful

* experiences.

« Successful CCUS exceptions mainly existed in the natural gas processing
sector serving the fossil fuel industry, leading to further emissions.

« The elephant in the room of the application of CCS/CCUS in the natural
gas processing sector: Scope 3 emissions are still not being accounted for.

« Captured carbon has mostly been used for enhanced oil recovery (EOR):
enhancing oil production is not a climate solution.

« Using carbon capture as a greenlight to extend the life of fossil fuels
power plants is a significant financial and technical risk: history confirms
this.

« Some applications of CCS in industries where emissions are hard to abate
(such as cement) could be studied as an interim partial solution with
careful consideration.

ute for Energy Economics and Financial Analysis, The Carbon Capture Crux: Lessons Learned. 2022. Giles Watts Feb 2023



Supporters of CCS

« UN Intergovernmental Panel on Climate Change (IPCC) identified CCUS
as a "Critical “critical decarbonisation strategy in most mitigation
pathways", which will need to be deployed alongside drastic emissions
cuts to keep global temperature rise between 1.5°C and 2°C.

« The UK Climate Change Committee (CCC) said that CCUS is a "necessity
hot an option”.

« International Energy Agency said that reaching net zero will be
“virtually impossible” without CCUS and is "the most cost-effective
approach” to curbing emissions from heavy industries such as iron, steel
and chemicals.

« The Carbon Capture and Storage Association (CCSA) found that CCUS
could remove 70 million tonnes of carbon dioxide emissions every year
by 2035.

Giles Watts Feb 2023



Concerns

« Should use natural sequestration and CCUS should be reserved
for only the "hardest-to-abate" emissions

« Does it work ? Disappointing results at some carbon capture
projects (e.g. Gorgon, Australia)

«  Will we be able to scaling up CCS in time ?
« What is the real risk of leakage can they be properly mitigated

* Most CCS projects to date are CO2-EOR projects and so have
been supporting more hydrocarbon production !

« CCS could be used to delay action on emissions reduction and
water down the ambition

« CCS may just encouraging oil companies rather than persuading
them to keep hydrocarbons in the ground

e CCS is low Carbon not zero carbon. Release of methane removes
further the benefits of CCS

Giles Watts Feb 2023



Those less enthusiastic about CCS

« The financial climate think tank Carbon Tracker has argued that CCUS should be
reserved for the “"hardest-to-abate” emissions

«  Environmental campaign group Friends of the Earth Scotland has previously said
carbon capture “"cannot deliver the urgent action we need to cut emissions this
decade”.

«  Groups point to the disappointing results at some carbon capture projects (e.g.
Gorgon, Australia)

«  Some point out the difficulties of scaling up the technology so that it
« Some are not convinced that the risk of leakage can be properly mitigated

« Some point out that most CCS projects to date have been CO2-EOR projects
and so have been supporting more hydrocarbon production - hardly solving the
problem !

Giles Watts Feb 2023



CCC: Types of abatement in the Balanced Net Zero
Pathway - with the most rapid reductions in 2025-2035
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Pathways to Net Zero

Tllustrative mitigation pathways P3 and P2 in the IPCC 1.5 degree report

(Global CCS Instifute, 2020)
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« 1.5 degrees global warming requires emission reductions and carbon removal from the

atmosphere

« Carbon removal needs to be 100-1000 GT CO2 over the 21st century (IPCC, 2018).

« Emphasis is emission reduction in 1st half of century and carbon removal in 2nd

Source: Carbon removal with CCS technologies, Eve Tamme, International Climate Change Policy

Giles Watts Feb 2023



Global Net CO2 emissions - Scenarios

Non-CO, emissions relative to 2010

Global total net CO2 emissions Emissions of non-COz forcers are also reduced
or limited in pathways limiting global warming
to 1.5°C with no or limited overshoot, but

o they do not reach zero globally.

Billion tonnes of CO,/yr

Methane emissions

In pathways limiting global warming to 1.5°C

with no or limited overshoot as well as in
pathways with a higher overshoot, CO2 emissions
are reduced to net zero globally around 2050.

204 208 2100

Black carbon emissions

Four illustrative model pathways
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Nitrous oxide emissions

P3

P4

Source: IPCC, 2018 Giles Watts Feb 2023



Breakdown of contributions to global net CO,
emissions in four illustrative model pathways

Fossil fuel and industry

gillion tonnes CO, per year (GICO2/yr)

Pl

P1: Ascenario in which social,
business and technological innovations
result in lower energy demand up to
2050 while living standards rise,
especially in the global South. A
downsized energy system enables
rapid decarbonization of energy supply
Alforestation i the only COR option
considered; nesther fossil fueds with CCS
nor BECCS are used

AFOLU

BECCS

Billion tonnes CO, per year (GtCO2/yr)

P2

P2: A scenario with a broad focus on
sustainability including energy
intensity, human development,
economic convergence and
international cooperation, as well as
shifts towards sustainable and healthy
consumption patterns, low-carbon
technology innovation, and
well-managed land systems with
limited societal acceptability for BECCS.

Billion tonnes CO, per year |(GICD/yr)
\

P3: Amiddle-of-the-road scenario in
which societal as well as technological
development follows historical
patterns, Emissions reductions are
mainly achieved by changing the way in
which energy and products are

produced, and to a lesser degree by
reductions in demand.

Note: Fossil Fuel & Industry includes CCS. AFOLU|: Agriculture, Forestry and Other Land U

Billion tonnes CO, per year (GtCOa/yr)
/&

P4: Aresource- and energy-intensive
scenarnio in which economic growth and
ghobalization lead to widespread
adoption of greenhouse-gas-intensive
[festyles, including high demand for
transportation fuels and livestock
products. Emissions reductions are
mainly achieved through technological

means, making strong use of COR
through the deployment of BECCS.

P1: "ldeal:” option with lower energy demand to 2050. Afforestation is only CO2 removal option

P2: “Sustainable” option with everyone co-operating. Limited use of BECCS
P3: :”"Middle” option with society and technology following historical patters. Large BECCS

P4: “High consumption, high growth” option. Emissions reduction through technology not behaviou

Source: IPCC, 2018
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About CCS Projects
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Worldwide Commercial CCS Facilities

Note the area of circles is proportional; to the current CCS capacities.
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Worldwide Commercial CCS Facilities

Note the area of circles is proportional; to the current CCS capacities.
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Operational CCS Projects 2022

® OPERATIONAL

Source: Global CCS Institute. Global Status of CCS Report, 2022 Giles Watts Feb 2023



Developing CCS Projects 2022

EARLY DEVELOPMENT @® ADVANCED DEVELOPMENT @ IN CONSTRUCTION

Source: Global CCS Institute. Global Status of CCS Report, 2022 Giles Watts Feb 2023



CCS in 2022

* Since 2017, capture capacity has grown at a compound rate of over 34 per cent
per annum

* By facility count growth, the US continues to lead the way globally, with 34 new
projects since 2021. Other leading countries in the past year include Canada (19
new projects), the UK (13), Norway (8), and Australia, the Netherlands and Iceland
(6 each).

* New CCS projects have been announced each month in 2022. As of September
2022, there are 196 (including two suspended) projects in the CCS facilities
pipeline.1 This is an impressive growth of 44 per cent in the number of CCS
facilities since the Global Status of CCS 2021 report and continues the upward
momentum in CCS projects in development since 2017.

ADV EARLY
OPERATIONAICONSTRUCTIONDEVELOPME DEVELOPMEOPS SUSPENDED TOTAL

NT NF

NUMBER OF FACILITIES 30 1 78 75 2 196

CAPTURE CAPACITY (Mtpa) 42.5 9.6 976 91.8 2.3 243.9

Watts Feb 2023




Notable New Projects in 2021-2022

Drax Power Station (UK) world’s single largest bioenergy with CCS (BECCS) project, with
a capacity of 8.0 Mtpa

The Klemetsrud Waste-to-Energy CCS project (Norway) moved to In Construction,
having secured funding. This is the first commercial-scale CCS project applied to a
waste-to-energy facility.

Glacier CCS Project (Alberta, Canada) is a CO2 capture facility on a natural gas-fired
power station, the first of its kind at commercial scale from natural gas combustion
streams worldwide.

Air Products announced its blue hydrogen project (Louisiana, USA) incorporating natural
gas gasification technology.

ORCA, the world’s first commercial direct air capture with carbon storage (DACCS)
facility, was commissioned in Iceland. Its follow-up, the MAMMOTH project, was then
announced.

Bayu-Undan project by Santos (Australia) has moved into FEED. This project will capture
CO2 from LNG production in Darwin and transport it via a repurposed pipeline for storage
offshore.

Occidental, in partnership with DACCS technology company Carbon Engineering,
announced the construction of a 500 ktpa direct air capture CCS project (DACCS) ins the- xos



Pipeline of Commercial Facilities
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Capacity of CCS Facilities in
Development
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Sleipner

Key Parameters: @
Location: NOCS, Offshore b
Partners: Equinor, ExxonMobil, Total Lt

Start Date:  Oct 1996 -> Today

CO, Source:  Natural Gas Production
CO, stored: 24 MT

Pipeline: 4km

Storage type: Saline aquifer

CO, Phase: Dense

Main Issues:
« Initial Injectivity due to Sand Influx

* MMV requirements for first of its
kind project

Giles Watts Feb 2023



Sleipner - Lessons Learned

Successful CO, be injected.

CO, stays safely in the storage unit

The project only went ahead due to incentive of avoiding Norwegian CO, tax.

Downhole pressure and temperature gauges are needed for obtaining good control of the
injection in-situ conditions and shoulg be implemented for future CO, injection projects.
Repeated seismic surveys have been crucial for ensuring both containment and conformance
monitoring. Currently no good technology alternative exists.

By acquiring both gravimetric and seismic monitoring, it is possible to combine the free CO,
mass change and plume geometry data, and make an estimate of dissolution in formation
water. This is important for longer term predictions. Together the datasets give much
richer information than when handled separately.

Challenges

Within the first year of injection there were considerable challenges due to sand influx.
o In Sleipner the injection rates in the first period were 200m-3/day/bar, 10% of the design
rates.
o As Sleipner utilises long horizontal wells, gravel packing was and still is the most effective
technique.
o gravel pack workover injectivity (2400m-3/day/bar) was 20% higher than the expected
injectivity (2000m-3/day/bar).
Challenges are to be expected in first of kind projects thus good standards of MMV is
important to find and react to problems quickly - Due to success of the project (lack of
interventions required) monitoring has been the focus of research and development since
first gas

Giles Watts Feb 2023



Sleipner Project

= 1996 to present
=1 Mt CO, injection/yr
= Seismic monitoring

Utsira F oﬁ'l)ﬂlion .

Sleipner T

Sichre |
dicense /) %
%A )

Utsira formation
(800 - 1000m depth)

Sleipner East
- Production and injection wells

Sleipner East Field

Natural Gas field with CO2:

* CO, stored to date 24Mt

e Saline aquifer

* CO, stored in dense

Main Issues:

* Initial Injectivity issues due to Sand Influx

* Monitoring requirements for first of its kind
project

Giles Watts Feb 2023



Sleipner Project

Seismic

Map
View

2001

2006
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What's going on underground ?
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Pressure (psi)

Phase Diagram for CO2

1600

1200 -

800

400 -

« Down to 800m, CO2 density increases rapidly until it reaches a supercritical state.
« At depths below 1.5 km, the density and specific volume become nearly constant.
A sudden leak will cause the fluid to cool quickly forming hydrates, the fast density

change makes it explosive.

Supercritical
Hydrate

Critical

-

Liquid

Deep Storage

point ........................... L

Surface

Depth (km)

Assuming a geothermal gradient
I8 of 25°C/km from 15°C at the .oe
jfl surface, and hydrostatic pressure.

-

0

200

400 600
Density of CO, (g/m°)

800 1000
Reservoir

273 283 293 303 313
Temperature (K)

323

333

* Reservoirs need to be at >800m depth so CO?2 is stored as a dense fluid

« Be very careful of sudden leaks !

Giles Watts Feb 2023



Molecule of CO2

* Picture of CO2 and H20 and N2
* Greenhouse gasses - rotational modes
* Packing for unusual properties



Strange Properties of CO2
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Satartia, N\ISSISSIppI Feb 2020

e 3 "..._ ¥

 ~ W The spot

where a
carbon dioxide
pipeline
ruptured in
Satartia, in
February
2020, leading
to the
evacuation of
200 residents
and the
hospitalization
of 45 others.
No one was
killed

Giles Watts Feb 2023



Controlled test at Spadeadam, 2013

« Controlled test in a safe and secure environment at DNV Spadeadam Research & Testing centre.

« The test opened up vital access to data and observations for vital safety improvements.

* Provided insight on the consequences of such ruptures in terms of mass outflow, crater
formation and dense gas dispersion.

« The test was carried out in summer 2013 and sponsors were National Grid, ENI, Statoil (now
Equinor), Total, Petrobras and Gassco.




Nordstream Rupture (Methane) Sep 22, 2022

Nord Stream pipelines from Russia
Gas Leak from Nord Streaml Leaks detected on both pipelines near Bornholm

Nord Stream
= === Nord Stream 2 FINLAND

Baltic Sea
NORWAY

SWEDEN

RUSSIA
LATVIA

LITHUANIA

RUSSIA
POLAND BELARUS

« Two subsea pipelines connecting Russia to
Germany

Greifswald

« Possibly the single largest release of SWEDEN

methane in history

* Many suspect it was the result of “gross
sabotage.”

« The Kremlin has dismissed claims it
destroyed the pipelines claiming that it is the
U.S. that had the most to gain.

GERMANY

BORNHOLM

DENMARK

GERAI};IAJ\I%:QY:ia2 e Gas leakages

Source: Gazprom, Danish Maritime Authority (BB



World's first CCS leak experiment
completed in sea off Scotland - Jun 2012

Watch on (8 YouTube

https://youtu.be/N_CUdII5_r4

Initial results show localised impacts that
have affected some sea creatures.

Clear but localised drop of the pH in the
sediments and overlying in the bubble zone
Some animals, such as sea-urchins, react
negatively to the increase in CO2 whereas
others, such as crabs, seem unaffected.
Ongoing monitoring and analysis will further
our understanding of how leaked CO2
affects the marine ecosystems.

The world's first experiment to investigate the
impact of CO2 on the marine ecosystem
Ardmucknish Bay, near Oban

Experiment led by the Plymouth Marine Laboratory
4.5 tonnes of CO2 pumped into the seabed.
Simulate a gas leak 350m from shore and 12m
below seabed

For 30 days, CO2 was supplied from a "pop-up" lab
and through a borehole to the release site.

Giles Watts Feb 2023



CO2 in the Subsurface

In a hydrocarbon reservoir:
« CO2 is probably miscible in hydrocarbon
). — : ‘ reservoirs
Solubility frapping via convective copree * CO2 is probably neutrally buoyant in an
oil reservoir but may sink in a gas
reservoir where it is denser than
methane
« CO2 is used to enhance oil recovery

(EOR)

In a saline acquifer:

« CO2 is immiscible and lighter than water
so will rise

~ » CO2 is very mobile and will rise

« CO2 displaces water to saturation of
30-60%

« CO2 may dissolve limestone rock or
cement

* The ph is critical and CO2 can dissolve
the rock

CO2 precipitates ;o= =& -

as carbonate when
injected into
Basalts !

Long term, CO2 may:

« Remain in a supercritical or gas phase
+ Dissolve in the formation waters

* Precipitate as a carbonate

Giles Watts Feb 2023



Key Monitoring Requirements

ESG Assurance for governments and stakeholders
Provide assurance of containment

Identify any breaches

Track the plume — Ay

A

Provide evidence of
dissolution

A

e
il 2.caprock > r

b CO

1. caprock gy
reservoir '

Available away from
the wells

Storage Complex Overburden

Low cost

—p Leakage
Migration
== |njection
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Risks of CO, Storage

The risks of CO, sequestration in a geological
reservoir can be divided into 5 categories:

« €O, leakage: CO, migration out of the
reservoir through the subsurface and finally
into the atmosphere

« CH, leakage: CO, injection might cause CH4
present in the reservoir to migrate out of the
reservoir, through the subsurface and finally
into the atmosphere

«  6round movement: Subsidence or uplift of
the earth surface as a consequence of
pressure changes induced by CO, injection

« Seismicity: The occurrence of (micro) earth
tremors caused by CO, injection

« Displacement of brine: Flow of brine to
other formations (possibly sweet water
formations) caused by injection of CO, in
open aquifers

From ”“Health, safety and environmental risks of underground CO2
sequestration. Overview of mechanisms and current knowledge” by Kay
Damen, André Faaij and Wim Turkenburg. Utrecht University. 2003.

CO,
abandoned
well fresh water
"‘ l
/ /I induced
’ we L
seismicity falilt
caprock
r“<‘
— 2 =) co,

& . reservoir i
brine brine

Risks of underground CO, sequestration. Black and grey arrows represent

CO, and CH, flows (along abandoned wells, fractures and faults). White
arrows represent brine displacement as a consequence of CO, injection.

Giles Watts Feb 2023



Carbon Capture and Storage

Cartoon showing a simple form of Carbon Capture (CCS) Bundogji, 2015.

« Use to decarbonize
industries where CO2
emissions are inevitable

« Scaleable

 Likely to play a key role
in meeting climate
change targets

« Costs an additional
~$20-40/barrel - more
expensive than some
forms of renewable
energy

* Not "Zero Carbon”

 Lacks a viable mechanism for cost sharing

* Oil companies see a solution, many green activists do not agree

© Conventional coal fired power plants release CO, directly into the otmosphere
Plonts equipped with CCS will copture much of the CO,; instead.

Alternative possible
locations for CO; storoge

© CO, con be injected
and stored deep
underground.

Giles Watts Feb 2023



What's Happening in the UK ?
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CCC 6 Carbon Budget 2020

Committee for Climate Change (CCC) is an December 2020
independent body, that advises the UK
government on targets and tracks progress. ~ o [EE e
UK's Sixth Carbon Budget runs 2033 to 2037. ” N
c Dd O C eSIr'o

Report describes the path to Net Zero and
details the steps required.

It is a blueprint for a fully decarbonised UK
by 2050 at the latest. Net Zero now law !
Requires a 78% reduction in UK territorial e
emissions between 1990 and 2035 to meet the

Paris Agreement conditions.

Challenging and advantageous. It creates new

green jobs with wider gains in health & nature.

Low carbon investment must scale up o £50

billion each year <17% GDP for next 30 years. > T

A critical moment arrives in the early 2030s, % T
as sales of most high- carbon goods are ¢
phased out altogether.

UK emissions fall sharply over the 2030s, S e
before levelling off in the 2040s, g e L 6
The 2020s must be decade ot decisive action. . w T
Costs and benefits must be distributed fairly. S

2023



UK Government Net Zero Strategy Oct 2021

Why Net Zero

HM Government

The Journey to Net Zero

Reducing Emissions across the Economy

i Net Z
*  Fuel Supply and Hydrogen 107 e erO
«  Industry

o # g Strategy: Build

. Transport

o e e Bac§ Greener

Supporting the Transition across the Economy October 2021
«  Innovation for net zero
*  Green Investment = /
«  Green Jobs, Skills, and Industries . PR .
«  Embedding Net Zero in Government i
«  Local Climate Action

«  Empowering the Public and Business to Make
Green Choices

«  International Leadership and Collaboration

Feb 2023



UK Government Apr 2022

« UK government has made CCUS a

core part of its Ten Point Energy 20 -
Secutity Strategy, which lays out the b N |
future of the UK's energy market. S e
British Energy =

« It has promised to establish four Secu I'Ity Strategy
CCUS industrial "clusters” of big ey
carbon emitters and storage Sﬁ:‘;;‘;ee,?ﬁg; fo’}ciﬁeﬁ ?gﬁgﬁ'eim
facilities by 2030. g 1 | N

« These will collectively capture 20-30
million tonnes of carbon dioxide every
year.

« The government also aims to boost
employment by using the UK's
existing proficiency and skills in the
oil, gas and engineering industries fo
make it happen.

Giles Watts Feb 2023



North Sea Licences

!)s o ®® Orion Licenses .
North Sea wos . * 13 current Licences
;rli?%l?i?n « 2 Track 1 Licences (Hynet
y © Quad 9 Gas and ECC), 2 Track 2 in 2023
@ Flotta

* 13 more storage licences
from 26 Applicants in 2023

Acorn

® OomF
o Finances
 £1billion through CCUS
Infrastructure Fund (CIF)
EIS Energy Plan X Teesg.de.. Endurance Tar'gets
et J zommerg e Two CCS clusters by the
o mid-2020s. Two more by
® CCS 2030.
o Clectionton + Capture and store
® Green H2 20-30MtC0O2/y by 2030 and
For indicative purposes only. over 50 MTCOZ/YI" by 2035

Km

A owounzmenn Source: NSTA Web Site Giles Watts Feb 2023



CO2 Stored - Database of Storage Sites

CO2 Stored provides access to
world-leading data for over 500
potential CO2 storage sites
offshore UK.

i The database was developed by
the Energy Technologies
Institute (ETI) to provide a
comprehensive, auditable
estimate of UK CO2 storage
capacity.

The project was executed by a
consortium of academic, public
and private sector organisations:

* The British Geological Survey
(BGS)

« Durham University

+ Element Energy Limited
GeoPressure Technology Limited
(6PT, an Tkon Science company)
Geospatial Research Limited
(GRL)

* Heriot Watt University
Imperial College London (ICL)
RPS Energy Limited
Senergy Limited

* University of Edinburgh (UoE)

Giles Watts Feb 2023




CCS BGS CO2 Stored

° TWO Types of store. Dep'efed 905 ® co; s.m.u.;-‘,m:.o:n |
reservoirs and Saline Aquifers R % CO,Stored
* Integration of offshore energy Re—— 3
o N (megatonnes) o
systems including CCS could v
deliver around 30% of total e & T
carbon reduction needed to meet s o R
2050 net zero target
6 . N %o
« 75-180 M1CO2/y captured and 1
stored by 2050 y
- : | AO CO%D% ‘ o
« 78 billion tonnes of CO2 potential 2 . B
. . o © ? 5
storage capacity in the UKCS ,
sufficient fo meet hundreds of “lag k| 0 g

years of demand (BGS)

Source: CO2 Stored Web Site



UK Position on CCS

Our Energy Integration Project illustrates that integration
of offshore energy systems, including CCS, could deliver
around 30% of total carbon reduction requirements
needed to meet the 2050 net zero target.

75-180 million tonnes of CO, / year captured and stored
by 2050, or up to one third of the current UK emission
baseline (CCC (2020) The Sixth Carbon Budget: The UK’s
path to Net Zero)

78 billion tonnes of CO, potential storage capacity
on the UKCS, sufficient to meet hundreds of years of UK
demand (British Geological Survey, co2stored.co.uk)

Giles Watts Feb 2023



UK CCSTimeline

2019 global

A2 IEESHE 19 sites operating

formed 4 sites in construction
— I
H t
199; Sleipner 2°°7CDCBSER L 2013 UK SAP 2 2020 BEIS appoints
( orway). . begins CCS audit team
injection begins competition

2026 UK first
storage

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022|2023 2024 2025 2026/ 2027 2028 2029 2030

2006 CCSA 2009 UK SAP 2012 UK Gov CCS becomes
founded begins commits £ 1bn CCUs!
— 7 Z_ _—— T [ I L
2010 UK Gov 2013 NGC drills 2015 Tory 2020 UK Gov
commits to 15t CCS well - manifesto commits to
Pl accelerate CCS Endurance commits to CCS £0.8 bn CCS
¥ Durham

University

Durham Energy Institute

Giles Watts Feb 2023



CCS Projects in the UK (6CCST)

UK Highlights

o iﬂf:ﬂ?f * UK emissions ~350 Mtpa a 29% drop since 2010.
UK target of 68% emission reduction by 2030.

CCSin 2 industrial clusters by the mid-2020s.

Establish 4 such sites by 2030.

) Capturing up to 20-30 Mtpa CO2 by 2030.

ygnus

NZTC)O e £1 billion CCUS infrastructure fund.

Liverpool
vt 8 e et CCS Potential Hubs
i | RS O * Hynet North West 4.5-10.0 Mtpa
e South Wales Cluster 9.0 Mtpa
* Net Zero Teeside 0.8-6.9 Mtpa
— Wytch * Humber Zero and Zero Carbon Humber 26.0
Mtpa
* DelphHYnus

NECCUS

Acorn 5.0-10.0 Mtpa

Giles Watts Feb 2023



» Emitter Clusters and Storage in Europe

73 €CS facilities in | T e —
development across Europe
and the UK (2022)

Supportive climate policy
programs and measures £

Funding through the EU
Innovation Fund and host
countries

In 2021 the European
Commission confirmed that
reaching climate /
objectives will requirea :
significant scale-up of
carbon removal solutions,
particularly within the .
next 10 years.

The EU Innovation Fund, o
which aims to invest Sy
around €38 billion by 2030z] < o=

v Gas fiddds

15'E

N
60°N

CENTRAL NORTH SEA
MINFERS

5°N

55°N

toward innovative clean s O sl Riee)
technologies in Europe [ oo Oemcte s o - 5o

— E1) OCS cortinertal pipe

1o0'w 5'W o G'E 10°E 15'E



Projects in the UK
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East Coast Cluster (ECC)

Northern Endurance Partnership (NEP)

« Two of the UK's largest industrial clusters: Zero Carbon Humber (ZCH) and Net Zero
Teeside (NZT)

* Partners include: BP, Shell, Total Energies, Equinor, National Grid

« Final Investment Decision (FID) in 2023, first CO2 capture and injection in 2026.

« CO2 at the Endurance saline aquifer offshore

« Endurance has capacity for up o 450MtC0O2

« Storage up to 10 MtCO2/y
bY 2030 up to 23MTC02/y ‘» d recae EAST CO,AST CLUSTER
by 2040 s i

rrrrrrrr

ﬁ} \

H MIDDLESBROUGH
Pr‘oJ ec* Inc I udes : Phase 2 shortlisted projects ° S 0
, . .. DARLINGTON
- World's first -ve em |
or S Tirs ve emissions PROJECTS IN TEESSIDE UPTO 10 MTPA CO, CAPTURED o/ ORK GRIMSBY
.
L]
power. STGT I o n GT D r‘ax and INDUSTRIAL CARBON CAPTURE HYDROGEN SCUNTHORPE
. CF Fertilisers Billingham Ammonia CCS bpH2Teesside
Norsea Carbon Capture H2NorthEast
hydrogen power station ®LEeDS PROJECTS N THE HUMBER
1 R . Tees Valley Energy Recovery (TVERF) POWER
Teesside Hydrogen CO2 Capture Net Zero Teesside Power BIOENERGY WITH CCS HYDROGEN
b WO r‘ I d S f I r‘s‘r f I ex I b I e gas Lighthouse Green Fuels Whitetail Clean Energy SHEFFIELD ) North Yorkshire Power Station Hydrogen to Humber (H2H) Saltend
STV 1+2 Energy from Waste Carbon Capture Alfanar CCGT Teessi de Uniper Humber Hub Blue Project
M STV 3 Energy from Waste Carbon Capture INDUSTRIAL CARBON CAPTURE
p o w e r. p a nT w ' 1. S Teesside Green Energy Park Limited Humber Zero - Phillips 66 Humber Refinery POWER
M Prax Lindsey Oil Refinery Carbon Capture Keadby 3 Power Station
ZerCal250 C.GEN Killingholme
Altalto Immingham waste to jet fuel VPI Humber Zero
North Lincolnshire Green Energy Park
Saint-Gobain Glass Carbon Capture

Giles Watts Feb 2023



Regional Map showing the Location of the
Endurance Saline Aquifer.
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Source: Gluyas and Bagudu, 2020. The Endurance CO2 storage site, Blocks 42/25 and 43/21, UK North Sea
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Stratigraphy and Depositional
Environment of Bunter Sandstone

AGE § Southern North Sea
RHAETIAN %g
NORIAN ::ggng:mg{:r:flakes.
;
o CARNIAN g
§ § DUDGEON
E I g FORMATION
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LON 4
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B con DT Sketch of Bunter Sandstone Formation depositional
g = 2 environments in the Endurance area.
—_— O
1L
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Source: Gluyas and Bagudu, 2020. The Endurance CO2 storage site, Blocks 42/25 and 43/21, UK North Sea  ies watts Feb 2023



Vertical section and Stratigraphic through
Endurance storage site and storage complex.
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NW-SE arbitrary seismic line showing dip
closure and faults in the overburden.

Top Triassic

Rot Halite (Primary Seal)
Top Bunter Sandstone

| Top Bunter Shale

Source: Gluyas and Bagudu, 2020. The Endurance CO2 storage site, Blocks 42/25 and 43/21, UK North Sea Giles Watts Feb 2023



Depth structure of the Endurance Top Bunter
Sandstone with the outline of the Hornsea 4 Windfarm

Source: Gluyas and Bagudu, 2020. The Endurance CO2 storage site, Blocks 42/25 and 43/21, UK North Sea  sies watts Feb 2023



Hynet Northwest Cluster (NW England)

Three depleted gas
fields in Liverpool Bay
area: Hamilton,
Hamilton North and
Lennox (ENI)

Cumulative production
1.3TCF with recovery
of 83-96%

LicenceCS004
awarded Sep 2020
Track 1 CCS license in
Oct 2021

Not drawn to scale

. . Source: Chedburn et al. Critical Evaluation of

Base Case: 109 MtCO2 in 25 YeGI"S CO2 subsurface storage sites: Geological
Challenges in the depleted fields of Liverpool

8 injector wells, Ap 112bar to 7bar Bay. AAPG Bulletin v109 2022.

IOMTCOZ/Y by 2030 Giles Watts Feb 2023



HyNet North West - Long Term vision

H2 FROM
OFFSHORE
WIND

CO2 SHIPPING

CO2 STORAGE
)

\
INDUSTRIAL \
H2 USER

INDUSTRIAL
H2 USER

H2 TRAINS \\! {| kJ// LOW CARBON INDUSTRIAL
oo X H2 PRODUCTION CO2 CAPTURE

O

INDUSTRIAL CO2 CAPTURE
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« Very large Industrial
Cluster

 Vision for heavy industry
fed with H2.

 TInitially supplying Blue
Hydrogen

* Later with Green
Hydrogen from Offshore
Wind

Main Industrial Partners:

» Hydrogen production:
Vertex Hydrogen

« Hydrogen transport:
Cadent

* Hydrogen storage:
INOVYN

« CO2 pipeline: Eni

« CO2 storage: Eni

Giles Watts Feb 2023



S’rr'uc’rur'al Framework

3w
|
/g ; X N
BARROW IN- FURNESSF
RHYI. |GAS TERMINAL

MILLOM .

NORTH
MORECAMBE

DALTON

CALDER | BAINS| o

SOUTH
o MORECAMBE

L

*

7\‘

HAMILTON ;]

/- L
LENNOX
(oil)

LENNOX

5( (gas)

\&

g

B3

FORMBY |

54°N

 East Irish Sea Basin Regional

Geology

* Permo-Triassic Rift system

 Structurally complex

 Max burial in Late Cretaceous

with Tertiary uplift and
erosion

Legend

Onshore areas

Subcrop

Paleogene intrusion

Location of Figure 10

D Location of Figure 3

@ Infrastructure

e OGA_Wells_WGS84 Jurassic

Pipelines Triassic (Sherwood Sst. Gp.)
Faults Permo-Triassic

Fields B Permian

dasnbbids Carboniferous

= e - Devonian and Older
OIL

Upper Triassic (Mercia Mudstone)

Source: Chedburn et al. Critical Evaluation of CO2 subsurface
storage sites: Geological Challenges in the depleted fields of

Liverpool Bay. AAPG Bulletin v109 2022.
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Geology

East Irish Sea Basin

Source: Carboniferous

Chrono Tectono- Petroleum System
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E-W Seismic Section and interpretation
through the Liverpool Bay Fields
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East-West line and
interpreted
geoseismic section
highlighting the main
stratigraphic units
and structural
features across the
extent of the pre-
stack time migration
seismic volumne

Quaternary

Mercia Mudstone (Post-Presall Halite)

Mercia Mudstone (Pre-Presall Halite)

Sherwood Sandstone Group

Carboniferous - Permian

Source: Chedburn et al. Critical
Evaluation of CO2 subsurface
storage sites: Geological Challenges
in the depleted fields of Liverpool
Bay. AAPG Bulletin v109 2022.
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Plenty of other potential stores in the area
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Projects in the UK
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Wytch Farm

;/ \Q’ = Z/ BOURNEMOUTH
Screenshot

(In 2010 this oilfield was sold

Y from BP to Perenco UK)
POOLE HARBOUR limit shown differently
ondifferentmaps)==—.__
//" o S
4 Sherwood Reservoir (Note - old map, détai of the production
Q% v R 5 at about 1mm depthlm south of Bournemouth-may be different now.)
” ;v‘@.’w« — y = S
& sandbanks Peninsula - a built-up L] N
— _}B’ FurzeyIsland | o rea above the Sherwood Reservoir, Appraisal
S K L - Sherwood injector which is water-injected at wellsite L ~— Vel
% nd ing well E£ND OUT 10 5 K1 FROM N —_— o,
. O and producing wells E£RD WELLS EXT ( ~ —
2 S M °
5 Sher_producer; Appraisal well ‘!5 POOLE BAY
’ [ \ ne Sh. u peeee
- ] m (, wells Appraisal
\ Bim XM ore Shareodeaiani well \
(Old map - \ Five Sherwood injectors , s <
details of injectors and N —\Wytch Farm Qilf Man:
p:‘oduczr wells may have - T 12 Sherwood
changed now) producers 0 1 2
(before M site e Km

was developed)
Studland

Operated by Perenco

Approximately 1 billion barrels oil in place

Reserves ~ 500mmboe

Production start 1979, peak 10kbopd, now ~14kbopd

Frome, Bridport and Sherwood Reservoirs.

Wytch Farm, Wareham, Beacon and Kimmeridge Fields




Wytch Farm




Sherwood Reservoir

Top Sherwood depth Map

LS )
‘ ~ ", o

N\

O AP O W 2 TS "
QLTS L= o P IR UL GNP T = == 2= 2 P IRZAT 7 e
DET™™ Sherwood ‘onshore area’ Sherwood ‘offshore area’

- Sherwood reservoir is Triassic braided dryland river system

-+ ~180m thick succession of fluvial, sheetflood, sabkha and mudstone deposits - limited aeolian
* Fault bounded/dip closure trap

* Mercia Mudstone cap-rock

- Source kitchen in Blue Lias south of major boundary fault

- Dominated by E-W Variscan age faults, reactivated during Tertiary inversion

* Kv reduced by field wide mudstones, open fractures influence water movement

* General increase in N:G from W>E and from upper to lower reservoir 93
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Sherwood Cross Section N-S

South Kilometres (km) North
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Wytch Farm

(now a coniferous forest)

»
Well Site X

. (Bridport &
Sherwood
producer
wells)

Gathering Station
for the whole
Wytch Farm
Oilfield

Operation License to 2037 granted in 2013.

CO2 from compressors, gas processing, DAC and external

50 Acre Gathering Station with plenty of space for additional
Carbon Capture Technology

Closest Wellsite nearby with access to both reservoirs

Oil export to export via 91km long and 16-inch diameter
pipeline to Hamble Terminal via the Fawley refinery

Natural Gas piped to Sopley, north of Christchurch.
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Pipeline to Hamble Terminal by Fawley Refinery
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Conclusions

« Global Warming is happening and has significant
consequences

* CCS has a significant role in removing CO2 from the
atmosphere

« CCS is a proven technology which is being scaled up
worldwide

« The UK has world-class geology for CCS

« The UK government is pressing ahead with a major
expansion of CCS in the UK

« Dorset (Wytch Farm) has the potential to be a world-
class CO2 store for the future



Thank You
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