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¢ OUR SERVICES - Power & Energy Solutions

A comprehensive end-to-end service offering.

We are experienced in delivering integrated surface and subsurface energy storage projects and can offer a
comprehensive set of services from initial development, design, and engineering through to implementation
(including drilling, leaching and completions), operation, and maintenance.
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We have experience collaborating and working
closely together across each of the following key
areas of expertise to ensure risks are identified and
managed and maximum value is extracted from the
storage asset.

* Geology
Analysis of subsurface data sets and

assessment of geological formations

» Geomechanics
State-of-the-art analysis and numerical modelling to
assess subsurface conditions

e Ground Modelling
Integration and analysis of proprietary and
legacy datasets to model subsurface conditions
across the site or region of interest

» Solution Mining
Minimising the risk of latent issues which can
impact future operations

* Well Engineering
Manage, plan, engineer, and supervise well
operations, understanding the risks and
differences between energy storage and E&P
well requirements

 Surface Plant Engineering
Process, Mechanical, Electrical, C&I, Civil

* Process Safety
Process safety studies, risk assessments, and

safety management systems

+ Site Management and Supervision
Ensuring works are implemented safely and in
compliance with project requirements
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The Challenge

* Energy security and Net Zero challenge

10) @ Holistic Transition
@® Electric Engagement

Hydrogen Evolution

* New demands on existing storage assets. " i B

. 10 Year Forecast

* Need to define, develop and implement new storage

infrastructure. - .

* Developing a salt cavern and filling it with cushion
gas can take 10-12 years.

20 —

* NESO Future Energy Scenarios 2025 pathways

2 TWh of hydrogen storage by 2035 is a prudent
choice.

« 5 TWh by 2040 required by all pathways.
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2025 2030 2035 2040 2045 2050

Hydrogen Storage Demand (TWh)

° TO accom pl-lsh hyd rogen evolut-ion ta rgets by 2050 Note: TWh = Terawatt-hours of hydrogen storage capacity per annum.
(39 TWh), the equivalent of 122 Aldbrough Hydrogen HYDROGEN STORAGE CAPACITY REQUIREMENTS ,
Storage (9 new caverns, Yorkshire coast) projects are *NESO 2025, Future Energy Scenarios

required to be commissioned. cr
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Salt Caverns

 Limitedsurface land use

 Largevolume
* High storage capacity

« Lowercushiongas
volume (vs porous rock)

* Highdeliverability

Salt

 Water-soluble
 Impermeable

* Viso-elasticand plastic
» Self-healing

* Non-reactive, inert

1 (vs porous rock)
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Surface Constraints

* Land availability

» Infrastructure, public and private
* Topography, surface processes

Public Acceptance

Permits

for Brine Operations
. ) ) j:[r ) Storage Type
Brine Disposal Pump Station (T[] ° Dry
| |
[ ]
Blanket (N2 or Separator for Wet
Compressed Air) Insoluble Material Drilling &

Water Source & Brine Disposal Completion
* Proximity to sea, rivers, off-takers Overburden
* Permissible volumes, compositions Tightness Tests
Salt . i
Solution Mining Blanket
First Fill /
Debrining
Geology
» Salt thickness Rock Mechanics .
Thermocdynamics

« Saltdepth
» Insoluble content
» Specific challenges
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Rewatering /
Rebrining ‘:l-



Considerations and Constraints

J——— Publi Surface Constraints
ublic Acceptance i .
|:|‘  Land availability
:k,- » Infrastructure, public and private
* Topography, surface processes
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UK Salt Cavern Storage
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East Yorkshire Coast

Edge of Zechstein Basin (permian)
Salt depth ~1,800 mbgl

Salt thickness ~170 m

“Clean” salt - insoluble content
Highly-soluble salt intervals
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East Yorkshire Coast
* Edge of Zechstein Basin (permian)
« Saltdepth ~1,800 mbgl
Salt thickness ~170 m
“Clean” salt - insoluble content PN
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Teesside
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North West Cheshire
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Four More Regions
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East Irish Sea Basin
* Triassic Preesall Halite Fm. - most
favourable on UKCS (Smith et al., 2005)
 Gateway Gas Storage project -
caverns ~550 m (msl) deep, ~250 m tall
« Offshore - pipeline connectivity,
construction, operation, planning
A * Water source, brine disposal
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Further Considerations

* New vs Existing Caverns
* Developing a salt cavern - 10-12 years.

 Why not convert existing caverns?
Asset already in place - quicker deployment

* Lower water and brine disposal requirements
» Existing surface infrastructure N Rewatering Hycrogen _ e
) { string - string
* Public acceptance?
Teesside
Wet caverns - brine compensation
Cheshire Salt thickness: 30-45m
?gg;?rﬁ: stor East Yorkshire Coast
e Atwick Gas Storage

9 caverns
Hill Top Working gas: 309 MSm?®
5 Caverns Salt thickness: 1770 m

Working gas: 63 MSm?3
Salt thickness: 220-230 m

Holford

8 Caverns

Working gas: 237 MSm?*
Salt thickness: 220-230 m

Aldbrough Gas Storage [ s

Therm.
9 Caverns
Working gas: ~330 MSm?
Salt thickness: 1770 m

@ Industrial Clusters




Water Brine"
Natural Gas _ Hydrogen
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Further Considerations

* New vs Existing Caverns
* Developing a salt cavern > 10-12 years.

 Why not convert existing caverns?
* Asset already in place - quicker deployment
* Lower water and brine disposal requirements
» Existing surface infrastructure Netural Gas _ Rewaterng | | Hydrogen _  Debriing
* Public acceptance? N N\

* But:
» Asset records may be incomplete
« Geometry (e.g. neck length), asset life cycle
* Integrity of the steel and cement
* Equipment H, compatibility
 Contamination
 Loss of existing assets / capacity




Petroleum Petroleum
- - Methane Methane
F LI rt h e r C O n S] CI e I‘a t] D n S Liquid ammonia Ammonia
Liguid hydrogen Hydrogen
* New vs Existing Caverns Hyogen 700 bar
- Different Storage Media g soind

0 2 4 6 8 0 0 5 10 15 20 25 30 35
° H2 Energy density (KWh/litre) Mass energy density (MWh/t)
e Cyclicity (vs Natural Gas) The Royal Society, 2023
* Potential purity requirements ©your

 Material selection _—
* Microbial & geochemical reactions
« CAES (Compressed Air Energy Storage) N 4. o

* Depth limitations - pressure, well dimensions
* Thermal cycling, high-frequency (+ flowrates)

Discharge time at rated power

o\‘" P2F; Power to Fuel
>

® C O r ro S.I O n 1 second © gf—ifﬁéﬁ?;:a synthetic natural gas

NH3; Ammonia

* NH; (Ammonia)

. . 1 10 100 1 10 100 1 10 100 1 10 100
kWh kwh kWh MWh MWh Mwh GWh GWh GWh TWh TWh TWh
* Toxicity |
Energy capacity
° M a te r'i a |_ se l_e Ct'i on Decarbonisation of the energy system - the Magnum case | CIEP-NOGEPA Gas Day | 2017.09.07

* NH; and CO, - phase management (e.qg. liquid / vapour / supercritical) o



Summary

« Considerations for Salt Caverns

* Geology, Water Source, Brine Disposal,
Surface Constraints, Connectivity

- UK Salt Caverns - 7 Regions
» East Yorkshire Coast

Teesside
Cheshire
Dorset

Somerset
East Irish Sea
Northern Ireland

* Further Considerations
 New vs Existing Caverns
31 Storage Types

NS

Mid-North Sea High

Southern North Sea

N & S Staffordshire basins

Celtic Sea
Basin gl

limit of Zechstein strata“

Worcester Basin

omerset Basin
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100 150 200

Salt Cgvern gas storage site Halite-bearing strata of
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Salt cavern gas storage site - planned Zechstein salt bed basins

' \
Salt cavern gas storage site dropped .\.. International boundary
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