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Glossary
Term Definition
AGI Above Ground Installation
CPF Central Processing Facility
CCs Carbon Capture & Storage
CCGT Combined Cycle Gas Turbine
GNI Gas Networks Ireland
KEL Kinsale Energy Limited
MAOP Maximum Allowable Operating Pressure
PSL Product Standard Level
API American Petroleum Institute
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1 INTRODUCTION AND SCOPE
1.1 Project Background

Ervia is assessing how Carbon Capture and Storage (CCS), located close to large-scale CO2 emitters can
play a role in reducing Ireland’s CO2 emissions. A technical feasibility study on the potential for large-scale
CCS in Ireland was completed by Ervia in 2020.

The general location of Aghada Power Station in County Cork was selected as a potential site for a Central
Processing Facility (CPF) for liquefaction, storage, and export of CO2 overseas via a new marine jetty. The
CPF will cater for CO2 captured at 3 emitter locations (Whitegate Power Station, Irving Oil Whitegate Refinery
and Aghada CCGT). A new CO:2 gas pipeline gathering network will transport CO2 from the emitters to the
CPF.

Ervia has appointed RPS / Bechtel to carry out a Pre-FEED study that involves a detailed assessment of the
key CPF, pipeline and storage infrastructure necessary to condition, compress, transport and store liquid CO2
at Cork harbour for subsequent loading onto ships for export. (Note: The scope of this project does not include
the carbon capture facilities at each emitter).

Additionally, the new marine jetty in Cork will also be used for import of liquid CO2. This scenario considers
the regasification of liquid CO2 at Cork for transport via pipeline to the Inch terminal which is the link to
indigenous offshore permanent storage at the depleted Kinsale Head Gas Field.

1.2 Scope

The existing gas transmission pipeline network owned and operated by Gas Networks Ireland (GNI) connects
Aghada with Inch Terminal. Sections of this network are no longer used for the transportation of natural gas.
They may be technically suitable and available for the transport of CO..

This report considers the option for using available sections of GNI's existing gas pipeline network for the
transport of CO2 from the CPF at Aghada to Inch Terminal.
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2 EXISTING CORK GAS PIPELINES

Relevant sections of the existing gas transmission pipeline network linking Aghada to Inch Terminal are
indicated on Figure 2-1 and Table 2-1 below.
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Figure 2-1 Existing Gas Transmission Pipeline Network

* Sections of existing gas transmission pipeline (diameter varies) linking Aghada to Inch Terminal

Table 2-1 Existing Gas Transmission Pipeline Network

No. Pipeline Section Approximate Nominal Comments
Length Diameter
(m) (mm / inches)
1 Long Point AGI to Aghada AGI 475 600/ 24 Not available'
2 Aghada AGI to Whitegate AGI 800 600/ 24 Not available'
3 Whitegate AGI to Ardrabeg AGI 4,250 450 /18 Not available’
4 Ardrabeg AGI to Inch Terminal 2,165 600/ 24 Potentially available?

Notes:

1. These sections will remain part of the gas transmission network and therefore will not be available for potential
repurposing for CO2 transportation.

2. The section of pipeline from Inch Terminal to Ardrabeg AGI, which is part of the Inch to Caherlag Pipeline (Pipeline
Reference No. BGE/01), is now physically disconnected from the rest of the gas transmission network. It is currently
filled with natural gas. GNI has indicated that there is interest from others in using this section of pipeline (specific
details are unknown).

On the basis of the above, it is clear that the only section of the existing gas transmission pipeline network that
can be considered for the transportation of CO2 for the Ervia Cork CCS Project is the approximately 2.165km
section of the Inch to Caherlag 600mm Pipeline (BGE/01) (see Figure 2-2 below). For the purposes of this
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report, this section of pipeline (high-lighted in yellow on Figure 2-2) will be referred to as the ‘Ardrabeg to Inch
Pipeline’. Further details of this pipeline are provided further below.
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Figure 2-2 Ardrabeg to Inch Pipeline

2.1 Available Data

Table 2-2 below summarises available data for the Ardrabeg to Inch Pipeline.

Table 2-2 Technical Details for Ardrabeg to Inch Pipeline

Parameter Details

Year of Construction 1977
Nominal Diameter, mm / inches 600 /24
Outside Diameter, mm 609.6
Wall Thickness, mm 9.52/14.27
Pipeline Length, m 2162.37
Material Steel
Material Specification API 5L X52
External Coating Coal Tar
Corrosion protection Cathodic Protection
Maximum Operating Pressure, bara 37.5/70"
Rated Design Pressure, bara 70

Source: Gas Networks Ireland (GNI)

Notes:
1. MAOP of 37.5bar is specified for all but approximately 14m of the Ardrabeg to Inch Pipeline.
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2.2 Installations

2.21 Ardrabeg AGI

Ardrabeg AGI is a block valve installation originally built as part of the GNI pipeline BGE/01, which extends to
Midleton Compressor Station. The installation is located in a rural area adjacent to a public road. The nearest
occupied dwelling is approximately 200m away. The configuration of Ardrabeg AGI is indicated on Figure 2-3
below.

ARDRABEG AGI

450mm
To Whitegate

- —

OO e X K OO

600mm (to Inch Terminal)

Figure 2-3 Ardrabeg AGI Configuration

As the existing 450mm pipeline from Ardrabeg AGI to Whitegate AGI will not be available for the Cork CCS
Project, accessing the Ardrabeg to Inch Pipeline would need to be achieved with a separate pipeline. There
would be some scope for accommodating such a connection within the existing AGI footprint. However, it is
considered more likely that a separate installation would be needed to allow sufficient space.

2.2.2 Inch Terminal

Inch Terminal is a large AGI where Kinsale Gas was processed prior to delivering it into the Irish gas
transmission pipeline network. The site comprises two separate sections, one owned by Kinsale Energy
Limited (KEL), the other by GNI (see Figure 2-4). The configuration of GNI's section of Inch Terminal is
indicated on Figure 2-5 below.
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Inch Terminal
Gas Networks Ireland

Kinsale Energy

Figure 2-4 Inch Terminal — Kinsale Energy and Gas Networks Ireland areas

INCH TERMINAL 600mm (to Ardrabeg AGI)

Odorant
Injection

Regulators

Pig Trap

E&I Kiosk

Water Bath Heaters

600mm (from Kinsale Energy)

Figure 2-5 Inch Terminal — Gas Networks Ireland areas
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Kinsale Energy is at the time of writing, in the process of decommissioning the Kinsale Gas Field and
associated assets including its section of Inch Terminal. A planning permission is in place for the
decommissioning of Inch Terminal and returning it to agricultural use (Cork Co. Co. planning reference
2929/76). Once decommissioning has been completed, GNI’s section of Inch Terminal will be surrounded by
agricultural land with access to the public road network.

GNI will also partially decommission their section of Inch Terminal. The full extent of GNI's decommissioning
plans are not fully clear, but among the initial works will be isolation of the site from Kinsale Energy and the
removal of water bath heaters and regulators. Sections of AGI pipework will be degassed and abandoned.
Other sections, including the Ardrabeg to Inch Pipeline will be isolated and maintained in a ‘gassed up’
condition. The pig trap at Inch Terminal is a working feature of the existing gas pipeline that could also be
repurposed for use in a COz2 pipeline. It is fitted with a single isolation valve on the main pipeline inlet.

Currently, the nearest dwelling to Inch Terminal is over 300m away.

2.3 Information Gaps

RPS / Bechtel has no information relating to the operation and maintenance history of the Ardrabeg to Inch
Pipeline or its current condition. The importance of such information to the consideration of existing pipeline
assets for repurposing for transporting COz is highlighted by DNV GL (Ref. 007).

It is noted that a MAOP of 37.5 bar (50% of its Design Pressure) is specified for nearly all of the Ardrabeg to
Inch Pipeline. A reduced MAOP could be due to a number of factors. One potential factor could be local
development in the area resulting in increased population density. However, a review of the pipeline route
using aerial imagery, appears to rule this out. Another consideration would be the pipeline’s age in relation to
its design life. A lower operational range for pressure cycling would justify an extension of the asset’s design
life. Yet another factor could be the asset’s condition. Pigging data would provide information on the pipeline
wall thickness which could be compared with the original design.

However, it is understood that the Maximum Allowable Operating Pressure (MAOP) of 37.5 bar was specified
for practical operational reasons when the Kinsale Gas Field was depleted. This ‘de-rating’ reflects a lower
demand on the pipeline and would justify a reduced operational commitment.

The line pipe material used for the construction of the Ardrabeg to Inch Pipeline was manufactured in
accordance with API 5L. A contemporary copy of API 5L specification or material test certificates for the line
pipe were not available at the time of writing of this report. These documents would be important for confirming
what specification requirements were current and what testing was carried out when the line pipe was procured
(c. 1976).

MDE1234-RPS-04-CX-RP-Z-0003 | ERVIA CCS Pre-FEED Study | S3 P02 | 24 March 2022
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3 POTENTIAL SUITABILITY FOR ERVIA CORK CCS

3.1 Key Considerations

3.1.1 Material Specification

The material used in the Ardrabeg to Inch Pipeline is specified as API 5L X52, with wall thicknesses of 9.52mm
and 14.27mm (depending on location). This is typical of many gas transmission pipelines in Ireland, all of
which are designed in accordance with Irish Standard 1.S. 328 (Ref. 004), ISO 3183 (Ref. 005) and API 5L
(Ref. 006).

Sections 5.2.3.2 (Brittle Fracture) and 5.2.3.3 (Ductile Fracture) of 1.S. 328 state that materials used should
meet the requirements of [.S. EN 10274, API 5L3 or equivalent (Brittle Fracture) or I.S. EN ISO 3183 (Ductile
Fracture).

A crack propagation study (Ref. 001) was carried out for this project which considered the specific material
testing requirements for a pipeline transporting gaseous CO2. The report concluded the following:

e Due to the independence of brittle fracture and pipeline contents, the defined controls in API 5L and
ISO 3183, are considered applicable for pipelines conveying CO2 despite these documents being
focussed on transportation of natural gas

e High quality line pipe procured to PSL 2 controls API 5L/ ISO 3183 far exceeds the minimum material
requirements to mitigate brittle fracture.

e It is acceptable (for gaseous CO:2 pipelines) to apply traditional methods, developed for natural gas
pipelines, to determine required toughness to arrest long running ductile fractures. The approach
detailed in APl 5L Annex G.7 is therefore a suitable means of defining a minimum crack arrest
toughness for the line pipe steel.

e By following the approach outlined in API 5L Annex G, it has been demonstrated (Ref. 001) that crack
arrestors will not be necessary for the new CO: pipelines required for this project.

The same assessment as detailed above for ductile fracture has been carried out for the existing Ardrabeg to
Inch pipeline. The conclusion is the same i.e. crack arrestors will not be necessary. This is because for the
specific pipeline parameters (see Table 2.2), the required Cv impact test energy to mitigate ductile fracture
propagation is predicted to be 40 joules (API 5L, Annex G). This is very much lower than the 200 joules that
line pipe procured to PSL 2 controls API 5L/ ISO 3183 will achieve.

The above conclusion would need to be confirmed by a detailed review of the API 5L specification from the
time of production of the line pipe for the Ardrabeg to Inch Pipeline.

3.1.2 Location of Ardrabeg to Inch Pipeline

This project has considered two separate requirements for the CO:2 pipeline system as follows:

1. A COg2 gathering network linking emitters at Whitegate Power Station, Whitegate Oil Refinery and
Aghada Power station with the proposed CPF at Aghada.

2. A pipeline linking the CPF with Inch Terminal. This pipeline will be used for transporting CO2 gas
imported at Aghada to Inch.

During the early phase of the Pre-FEED design process, it was envisaged that the above requirements would
be met by separate pipelines. It is only in this scenario that re-purposing of the Ardrabeg to Inch Pipeline for
CO:2 could potentially have merit for this project. (This of course would be subject to confirming the condition
of the existing pipeline).

Ardrabeg AGI is located approximately 5km (‘as the crow flies’) from the potential site of the CPF at Aghada.
In comparison, the distance from the potential site of the CPF at Aghada to Inch Terminal, is just over 5km.

A preliminary high-level review shows that incorporating the Ardrabeg to Inch Pipeline into a CO2 pipeline from
the CPF to Inch Terminal would add approximately 2.2km to the total length of the pipeline gathering and
delivery network. However, the total length of newly constructed pipeline would be approximately the same
for the route options considered (see Appendix A).
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When under consideration, the envisaged diameter of a separate CO: pipeline from the CPF to Inch was
300mm — 450mm. The diameter of the existing Ardrabeg to Inch pipeline is 600mm. As it is considered
necessary to be able to carry out periodic inline inspection (‘pigging’) of these pipelines, there would be a need
to construct a new AGI at Ardrabeg. A new AGI (as opposed to an extension of the existing installation) would
most likely also be required in order that the CO: infrastructure would be appropriately separated from the
natural gas infrastructure.

The location of this AGI could be adjacent to Ardrabeg AGI, but it could also potentially be located anywhere
along the existing pipeline. The closer this AGI location would be to Inch Terminal, the less of the existing
pipeline would be used with consequently reduced advantage.

3.1.3 Proposed CO: Pipeline Network Design Configuration

The design configuration that is proposed for this project is shown on Figure 3-1 below. The network
comprises the following pipeline elements:

Table 3-1 Proposed CO2 Gathering and Delivery Network

Pipeline Section Approximate Nominal Comments
Length Diameter
(m) (mm / inches)

1 Whitegate to Valve Installation 2,880 300/12 Serving Whitegate Power
Station and Whitegate Oil
Refinery

2 Valve Installation to CPF 3,870 300/12

3 Aghada Power Station to CPF 430 300/12

4 Valve Installation to Inch Terminal 3,460 450/18

Total 10,640

Aghada Power Station
(Pointof CO, gathering) (Y

S e
®Cluain'Beg B Y
A Kilteskin
Proposed Central 3 — Aghada to CPF e 2 —Valve Installation to CPF
Processing Facility (CPF) (0.43km, 300mm) - (3.87km, 300mm) i
Location Ardrabeg AG|
5 ; | D

Whitegate Qil
Refinery

é £ Valve Installation :
Mg o
Carlisie s
L 52 Uittle €ourt
| 4 —Valve Installation to Inch Terminal
(3.46km, 450mm)

Whitegate Whitegate
Power Station (Pointof CO; gathering)

Rochmoeunt . '\ .

Figure 3-1 Proposed CO2 Gathering and Delivery Network
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This configuration of the CO2 gathering and delivery network has emerged on the basis of the following
considerations:

o Network analysis has shown that a separate pipeline from the CPF to Inch is not required. (Importing
of CO2 will not take place at the same time as exporting).

e Network analysis has also shown that this configuration will be significantly more efficient to operate.

e Inline inspection of the main pipelines is a project requirement (Ref. 003). Pigging installations are
therefore included at key locations as shown.

e The location of the Valve Installation (close to the townland of Ballinookera) divides the main CO:2
gathering and delivery network into three sections of similar lengths. This has advantages in terms of
safety in case there was a need to isolate a section.

It is clear from Figure 2.5 that the Ardrabeg to Inch Pipeline is not favourably located for integrating with the
envisaged CO2 gathering and delivery network. Any advantage from using this section of pipeline will be
completely offset by the additional length of new pipeline required to access it; the length of new pipeline
required would be very similar to the length of pipeline to be repurposed. Details of the relative lengths of
pipeline routes that could be considered to avail of the existing gas transmission pipeline are outlined in
Appendix A.

3.1.4 CO: Pipeline Route and Consents

If technically feasible, there would be several environmental and practical advantages for re-purposing an
existing gas transmission pipeline for transportation of CO2. It is noted however, that to do so would require
relevant consents being in place; existing gas transmission pipeline consents and wayleaves do not cover the
transportation of other gases / fluids. Therefore, there is no legal / consent based advantage of re-purposing
an existing gas transmission asset for transportation of COx.

An existing pipeline represents a potential physical corridor within which other services could be laid. This is
because, normal development and certain types of planting are prohibited within a defined ‘permanent
wayleave’ that is agreed with the landowner during the design stage. Permanent wayleaves for existing gas
transmission pipelines are typically 14m — 18m in width. The existing pipeline wayleaves from Aghada to
Ardrabeg AGI could be seen as a possible route for a CO2 pipeline connecting to the Ardrabeg to Inch Pipeline
at Ardrabeg AGI. However, similar to above, separate consents would be required if they were to be used in
this way.

In addition, there would be safety considerations for both asset owners where a CO: pipeline and a gas
transmission pipeline were laid in parallel, a small number of metres apart. While technically possible, the
natural preference of both asset owners, would be to reduce the length of overlap between any other services
to a minimum.

Having regard to the proposed CO:2 gathering and delivery network described in Section 3.1.3 above, the
existing physical pipeline wayleave is not located where it can be of an advantage to this project.

3.1.5 Residual Lifespan

The Ardrabeg AGI to Inch Pipeline is over 40 years old. While the line has an external coal tar coating and is
protected from corrosion by an impressed current cathodic protection system, the physical condition of the
pipeline is not known. The residual life available from this asset would be expected to be much lower than a
new pipeline. For the Ervia Cork CCS project, a minimum pipeline design life of 40 years is included in the
Study Basis (Ref. 002).

Further detailed work would be required including a detailed review of all available construction and operational
records. The risks associated with this issue are also high-lighted by the DNV GL (Ref. 007), including the
possibility that some important records may no longer exist. The best way to establish the current condition
of the pipeline and to quantify its expected residual lifespan would be to carry out inline inspection using
intelligent inline inspection equipment.
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4 CONCLUSIONS

o Demonstrating the acceptability of line pipe material (in respect of brittle and ductile fracture) using the
approach outlined in APl 5L Annex G7 is appropriate for gaseous CO2. This is explained in detail in
a pipeline crack propagation study completed separately for the Ervia Cork CCS project (Ref. 001).

e The material used for the construction of the existing gas transmission pipeline from Ardrabeg to Inch
(line pipe confirming to I.S. 328 / ISO 3183 / API 5L X52 specification) meets the performance
requirements of a pipeline transporting gaseous CO: in respect of brittle and ductile fracture. However,
this would need to be supported by a review of contemporary specifications and material test
certificates.

e The opportunity to re-purpose existing decommissioned gas transmission pipelines is limited to a
section of pipeline that is approximately 5km from the CPF. Other connecting gas pipelines will not
be available to the Ervia Cork CCS project.

e A CO:2 gathering and delivery network design has been developed for this project on the basis of
optimising pipeline routes and overall system efficiency. The available section of existing gas
transmission pipeline is not located where it would be advantageous to integrate it into the proposed
CO2z gathering and delivery network.

e There is no advantage of re-purposing the existing Ardrabeg to Inch Pipeline for COz in terms of the
necessary consents that will be required for the project.

e No information was obtained relating to the operational and maintenance history of the
decommissioned Ardrabeg to Inch Pipeline. This asset was constructed in 1977. For the Ervia Cork
CCS project, a minimum pipeline design life of 40 years is included in the Study Basis. By not including
the Ardrabeg to Inch Pipeline, any uncertainty around the condition and remaining lifespan of this
asset will be removed.

e Subject to a detailed review of contemporary technical details, and confirming asset condition with
inline inspection, it is technically feasible to re-purpose existing gas transmission pipelines
manufactured in accordance with |.S. 328 / ISO 3183 / API 5L for the transportation of gaseous CO:.
However, for the section of pipeline that is potentially available to the Ervia Cork CCS Project, based
on the design work completed to-date, there is no practical or other advantage for doing so. This
possibility could be revisited if the proposed CO: gathering and delivery network were to be changed
significantly.
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Appendix A
Preliminary Pipeline Route
Options
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Figure A1: CO; gathering network and alternative CO; pipeline routes considered for accessing available existing gas transmission pipeline
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Table A1: Route Options — Gathering Network Cork

Route 1 Route 2 Route 3

(Yellow) (Blue) (Light Blue)

Proposed
Whitegate to Valve Installation 2,880 2,880 2,880
Valve Installation to CPF 3,870 3,870
Alternative Valve Installation to CPF 2,820
Valve station to Alternative Valve Station 1,050
Valve Installation to Inch Terminal 3,460
Valve Installation to Ardrabeg AGI 3,370
Alternative Valve Installation to Ardrabeg AGI 3,650
Ardrabeg AGI to Inch Terminal 2,165 2,165
Aghada Power Station to CPF 430 430 430
,(Anp])?roximate Length of CO2 network 10,640 12,995 12,715
Approximate Length of New CO2 network 10,640 10,830 10,550

(m)
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