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Executive Summary

This report presents the results of the hydraulic simulations and analyses performed to present a concept
design for the Ervia Dublin CCUS project. The purpose of the design is to determine the CO:2 pipeline sizes,
their operating/design philosophy and conditions, and further to complete a flow assurance assessment in
transporting of captured COz by pipeline in liquid and gaseous phase.

For the hydraulics and flow assurance analyses, the model is built using the input parameters and assumptions
as stated in the design basis section of this report. In the study, the gaseous COz is transported to the Dublin
Central Processing Facility (CPF) from three emitter locations i.e., Dublin Waste to Energy (Covanta), Poolbeg
Power Station and ESB Dublin Bay (Synergen) CCGT. At the CPF, CO: is liquified and exported via a new
jetty.

The pipeline from Dublin Bay Power plant to Covanta, Covanta to Poolbeg CCGT and Poolbeg CCGT to CPF
are approximately 355 meters, 984 meters and 116 meters respectively which are reasonably small sections.
To keep the system simple from an operational point of view and to avoid multiple pig launchers/receivers at
various locations, a single pipeline size was considered for the complete pipeline system. Based on the
hydraulic analyses, a 400 mm pipeline was selected from Dublin Bay (Synergen) CCGT) to the CPF, which
results in Dublin Bay, Covanta and Poolbeg pressures of 33.5, 33.46 and 33.1 bara respectively in delivering
gaseous COz2 to the CPF battery limit at a pressure of 33.0 bara during summer operation. The velocities in
the pipeline were well below the erosional limits.

The steady state analysis was performed for turndown flowrate and there was no flow instability observed
while operating in summer or winter conditions. Further reduction in the flow rate is possible keeping a stable
pipeline operation. However, in the case of this pipeline, the turndown flow is limited by the process
equipment’s limitation, number of trains in operation, minimum compressor flowrate and minimum gas
requirement at the delivery location.

The transient analyses followed on from the steady state analyses that provided a framework for operating
scenarios under unsteady-state conditions until stabilising into a new steady-state condition. The transient
scenarios verified operations such as production ramp-up, extended shutdown/cool-down, restart, pipeline
depressuring, pipeline pigging and line packing analysis. No liquid dropout occurred in the CO2 gas pipeline
network during these modes of operations.

The shutdown/cooldown of the 400 mm diameter pipeline from Dublin Bay to the CPF results in final stabilised
pressure of ~30.2 bara after pipeline content is cooled down to ambient surrounding soil temperature of 15 °C.
The restart of the pipeline from shutdown/full cooldown was smooth and in a single gaseous phase. No
operational challenges were observed for the ramp-up operation of the pipelines. The ramp up flow rate is only
limited by the emitter facilities and processing facilities at CPF location.

Regular pigging is not required during normal operation from a liquid management point of view as there are
no liquids predicted in the pipeline. Pigging is only performed for inspection and inline coating procedures (if
considered later) on the inner pipe wall during maintenance or for cleaning purposes of the pipeline. For pigging
of the pipeline from Dublin Bay to the CPF, the flow is suitably reduced to achieve approximately 27,056 kg/hr
(~12.6 MMSCFD) which equates to a desirable pigging velocity of ~1.0 m/s. It took approximately 24 minutes
to receive the pig at the CPF delivery location.

Pipeline packing operation was performed by closing the outlet valve at the CPF battery limit and continuing
to feed the pipeline at a design throughput from all the emitters (Dublin Bay, Covanta, Poolbeg CCGT) up to
the pipeline design pressure of 40 bara. It took approximately 0.82 minutes to reach 40 bara from the initial
steady state pressure of 33.0 bara at the CPF location.

The depressurisation was performed considering various orifice sizes to determine the fluid temperature in the
pipeline, pipeline pressure, depressurising mass flow rate and gas relieving rate to the vent system. In the
absence of depressurising pipework details and other information, the analysis is performed considering a
Leak in the OLGA model with back pressures of 2 bara. The objective of the depressurisation analysis was to
determine the variation in the temperature of pipeline content during the depressurisation process. The
minimum fluid temperature within the pipeline during the blowdown of the pipeline from a 1-inch orifice was
approximately -0.7 °C with a maximum blowdown rate of 5.1 kg/s (18,328 kg/hr). No liquid dropout occurred
in the pipeline.

For the liquified CO2 piping (from the intermediate storage tanks to the jetty head), a 400 mm diameter pipe
was selected which resulted in liquid velocity of ~3.8 m/s for 1,600 t/hr flow rate. A worst transient case of
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inadvertent valve closure at the piping outlet from a steady flow (1,600 t/hr) operation was analysed. The
maximum pressure in the piping for 6-seconds valve closure is ~42.7 bara and is below the maximum allowable
operating (MAOP) and transient (MATP) pressure of the pipe.
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Holds

HOLDS Description Responsibility

N/A
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Term
CCGT
CPF

CCS
CCUS
FEED

MMtpa
MAOP

MATP

Glossary

Definition
Combined Cycle Gas Turbine
Central Processing Facility

Carbon Capture and Storage
Carbon Capture, Utilisation and Storage

Front End Engineering Design
Million Metric Tonnes Per Annum
Maximum Allowable Operating Pressure

Maximum Allowable Transient Pressure
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1 INTRODUCTION AND SCOPE
1.1 Project Background

Ervia is assessing carbon capture and storage from large scale emitters of carbon in Ireland to reduce Ireland’s
carbon emissions and previously completed a technical feasibility study for potential of large-scale carbon
capture and storage (CCS) in Ireland.

The general location of Poolbeg Power Station in Dublin was selected for a Central Processing Facility (CPF)
for liquefaction, storage, and export of CO2 overseas via an existing marine jetty. The CPF will cater for CO2
captured at 3 emitter locations (Dublin Waste to Energy (Covanta), Poolbeg Power Station and ESB Dublin
Bay (Synergen) 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 Dublin Port for subsequent loading onto ships for export. (Note: The scope of this project does not include
the carbon capture facilities at each emitter).

1.2 Scope

The objective of the hydraulics and flow assurance analysis is to present a philosophy and design for a potential
carbon transport and storage project. The purpose of the concept design is to determine the pipeline sizes, its
operating/design conditions and further flow assurance assessment in transporting of captured CO:2 by pipeline
in liquid and gaseous phase.

This document sets out the basis of design for executing the study and presents the results of pre-FEED
hydraulic analyses for CO2 transport from emitter sites to storage and the marine jetty for ship transport from
Dublin. The process of CO2 capture at emitter sites is excluded from the pre-FEED study. It is considered that
the CO:2 from the capture plants is conditioned and meets the specification stated in the report.
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2 BASIS OF DESIGN

The purpose of this design basis is to set out the design criteria, boundary condition data, assumptions, and
methodology used to perform the hydraulics and flow assurance analysis of the pipelines. In some areas it
may contain assumptions that need to be verified as part of the subsequent design process. This document
section shall be revised as necessary as further information becomes available through future design and
development.

For ease of reading and comprehension of this report, Study Basis (Ref 1) data has been replicated in this
section. The information contained in the tables below is the basis of the simulations and analysis.

21 Simulation Software

The following software packages will be used for the flow assurance scope of work.

PIPESIM - PIPESIM is used only for steady state simulations. Pipesim is used initially to get an indication of
steady state results as they can be simulated very quickly. The simulator includes advanced three-phase
mechanistic models, enhancements to heat transfer modelling, and comprehensive PVT modelling options.
Faster simulation runtime has also been achieved for all modelling though the implementation of a new parallel
network solver to spread the computational load across all processors.

OLGA - OLGA software is then utilised to perform the dynamic analyses. OLGA is a transient simulation
program for oil, gas and water production systems that allows thermal and hydraulic analysis of multiphase
flows from reservoirs to the wellhead and along production systems.

MULTIFLASH - provides an advanced thermodynamics software and fluid property engine for pipeline and
simulation technology of the entire hydrocarbon industry. A comprehensive PVT (pressure, volume,
temperature) and physical properties package, allows for complete modelling of the phase behaviour of
complex mixtures and pure substances.

Multiflash seamlessly integrates with other simulation tools and is used to generate fluid files for a number of
program platforms including OLGA and PIPESIM. Multiflash can model any phase, including hydrates, wax,
asphaltene, sand and scales.

SYNERGI PIPELINE SIMULATOR (SPS) - SPS is an advanced transient hydraulic modelling program. The
user can use it interactively to simulate the dynamic flow of a single fluid, batched fluids or mixed fluids in a
single phase through a pipeline network. SPS has the capability to model the operating characteristics of
almost any proposed configuration of pipe and equipment; and to predict the outcome of various control
strategies to handle operating scenarios such as pipe rupture, equipment failure, or other upset conditions.
SPS simulates liquid pipelines including column separation and slack line flow. It does not simulate two-phase
flow systems.

2.2 Design Methodology

The steps taken for pre-FEED design and development are listed below.

Fluid characterisation - The fluid analysis has been performed using Multiflash on the compositional data to
generate pressure, volume and temperature (PVT) tables required to conduct the hydraulics and flow
assurance studies.

Steady-state analyses - The normal operation through the worst-case scenarios is simulated using industry-
standard tools i.e., PIPESIM / OLGA to determine the whole set of fluid and flow properties in the pipeline
system to the delivery point. The analyses are conducted for various modes of operation validating the thermal
behaviour of the pipeline system. Typical scenarios are maximum design flow rate in each line and turndown
conditions. From steady state simulations, the following parameters are verified in compliance with the
production targets:

e Pipeline sizing,

e  Maximum and minimum fluid velocities,
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e Compliance with erosional velocity limits,

e Maximum pressure drops,

e Heat exchanger and compressor requirement (if required)

e Minimum arrival pressure and temperature at the delivery location

The heat exchanger, compressor and other process equipment requirements are covered in the process
studies and not in this hydraulics and Flow Assurance report.

Transient analyses - These analyses provide a framework for operating scenarios under unsteady-state
conditions until stabilising into a new steady-state condition. These scenarios will verify operations such as:

e Start-up

e Production ramp-up

o Extended shutdown/cool-down
e System depressurisation.

Pipeline shutdowns are based on a planned shutdown event without system packing. The results of these
analyses feed into the operational guidelines to provide a comprehensive set of all possible operational
scenarios along with mitigation strategies which may be required for specific flow assurance risks. All risks of
hindering the normal course of production are evaluated and a policy to eliminate, minimise or remediate such
risks is highlighted.

2.3 Design Capacity

The design capacity of each liquefaction train shall be 0.44 MMtpa CO2. There will be 5 liquefaction trains of
0.44 MMtpa each (4 operating and 1 standby).

2.3.1 Onstream Factor

Each of the five liquefaction trains shall be designed for 350 operating days (8,400 hours) per year. The design
life of the new CPF shall be 25 years, i.e. the design shall be such that the train will be able to operate at 100%
of design feed throughput for 25 years, with inspection turnarounds occurring every 4 years.

The design life of new pipeline will nominally be 40 years

2.3.2 Turndown Requirements

The design shall be such that each unit will be able to operate at 0.125 MMtpa CO:2 which is 25% of maximum
flowrate from the lowest emitter.

2.3.3 CO2 Source Flowrates

The ESB Dublin Bay Power Plant (Synergen), the Dublin Waste to Energy Facility (Covanta) and Poolbeg
Power Station are the three CO2 emitters considered for the pre-FEED study scope for CO2 transport, storage
and shipping of CO2 from Dublin. Refer to the below table for CO: flowrates from emitters:
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Table 2-1 CO; Flowrates from Source, MMtpa

Source CO; Flowrates from Source MMtpa

Max/Min Max/Min Max/Min
Year 1 Year 2 Year 3
Dublin Waste to Energy (Covanta) - 0.75/0.375 0.75/0.375
Poolbeg Power Station 0.5/0.25 0.5/0.25 0.5/0.25
ESB Dublin Bay (Synergen) - - 0.5/0.25
Total (Min/Max) 0.25/1.75

Notes:
1. Minimum total CO: flowrate considered to be 0.25 MMitpa.

For the pipeline hydraulics analyses, the design maximum flowrates that were used considering the system
onstream factor (availability factor) are in table below:

Table 2-2 CO; Pipeline Design Flowrates, Kg/hr

Pipeline CO; Pipeline Design Flowrates Kg/hr

From ESB Dublin Bay (Synergen) 59,524
From Dublin Waste to Energy (Covanta) 89,286
From Poolbeg Power Station 59,524
To CPF 208,334

2.3.4 Liquified CO: Loading Rate

The CO:z2 is liquified and transported via a COz carrier (marine vessel) from cryogenic intermediate storage
tanks. Cryogenic COz2 piping will run from the intermediate storage tanks along a new jetty to the jetty head
where it would be discharged via cryogenic loading arm into visiting COz2 carrier.

It is expected that initial operation with relatively low export throughput would start with smaller ship sizes of
7,500 m?3 and cargo transfer rate of 800 t/hr of liquid CO2 under medium pressure conditions. Larger ship size
of 15,000 m® may be required as export throughput increases. The ship loading rate based on the size of 7,500
m3 and 15,000 m? are provided below.

Table 2-3 Ship Loading Rate

Parameter Value Value
Ship Size, m3 7,500 15,000
Ship loading rate, t/hr 800 1,600
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2.4 CO: Specification for Pipeline

The quality of CO2 produced by emitters is very important as it relates to integrity of the transport and storage
system. It is considered that CO2from each capture plant is conditioned, and no further treatment of CO2 has
been considered as part of pre-FEED scope. Dehydration is required at the capture plant to ensure dry CO:2
enters the pipeline. Oxygen removal to achieve the oxygen specifications is by catalytic reaction with injected
hydrogen, which generates water and shall be located upstream of the dehydration i.e. also included in the
capture unit. As the optimum conditions for dehydration and oxygen removal is at 30-40 bara, the delivery
pressure from the capture unit is expected to be at ~35 bara.

The CO:z2 pipeline to be designed for most stringent of Acorn and Equinor specifications. As agreed with Ervia,
the specification of exported COz2 for the Equinor’s Northern Lights project and Acorn is as specified below.

Table 2-4 CO; Pipeline Design Specification

Equinor Specification

CO2 >99.97 mol% = 95 mol%
H2S <9 ppmv < 200 ppmv
Carbon Monoxide <100 ppmv <2000 ppmv
NOx <10 ppmv <100 ppmv
SOx <10 ppmv <100 ppmv
Oxygen <10 ppmv <10 ppmv
Nitrogen - <1 mol%
Hydrogen <50 ppmv <1 mol%
Argon - <1 mol%
Methane - <1 mol%
Non-condensable - <4 mol%
Water <30 ppmv <50 ppmv
Hydrocarbon - <2 mol%
Particulates 1 mg/Nm3 <1 mg/Nm?3
Particle size <10um <10um
Mercury <0.03 ppmv

NHs <10 ppmv < 50 ppmv
Others Amine <10 ppmv

Formaldehyde <20ppmv
Acetaldehyde <20pmv
Cadmium+Thallium (Cd+Tl) <0.03 ppmv

Note: Equinor and Acorn specifications are related to gaseous phase CO..
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2.5 CO: Conditions at Emitter Battery Limit (CPF)

CO2 emitters shall ensure that operating pressure and temperature of CO2 at emitter battery limit will be as
provided below. This is the maximum pressure provided at the battery limit to meet the pipeline pressure drop
and CPF delivery pressure requirement.

Table 2-5 CO; Conditions at Emitter Battery Limit

Parameter Dublin Poolbeg ESB
Waste to Energy Power Station Dublin Bay

Pressure, bara 35 35 35

Temperature Min/Max, °C 1 11/37 11/37 11/37

7 CO: cooling by emitters can be by sea water, cooling water or air. Depending upon the cooling medium, CO2
temperature at emitter battery limit can be:

e  Sea water: Min = winter sea temp +5°C approach, Max = summer sea temperature +10°C approach
e  Cooling tower water: Max = max design wet bulb temperature + 5°C+ 10°C
e Air cooling: Max = max design dry bulb temperature + 15°C

2.6 CO2 Delivery Conditions

The CO:z is transported from Dublin Waste to Energy (Covanta), Poolbeg Power Station and ESB Dublin Bay
(Synergen) CCGT to CPF battery limit at a delivery pressure higher than 32.0 bara. The pressure of 32.0 bara
is the minimum pressure required at the processing facility.

COz transport by ship is achieved in semi pressurised vessels at medium pressure conditions. Existing CO2
carriers operate under medium pressure conditions which maintains the CO2 between 14 bara to 20 bara at
equilibrium temperature. Refer to the below table for CO2 ship transport conditions.

Table 2-6 CO; Ship Transport Conditions

Ship Transport Conditions Range

(Medium Pressure Conditions)

Pressure, bara 14 /20

Temperature, °C -30/-19.5
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2.7 CO: Delivery Specification

CO2 delivery specification for the project will be the most stringent of Equinor and Acorn specifications. Refer
to the below table for export CO2 specification. The liquified CO2 properties associated with the composition
below is used for the steady state and transient analysis of the cryogenic CO:2 pipeline.

Table 2-7 CO; Delivery Specification

Recommended

Specification

CO2 >99.97 mol%
H2S <9 ppmv
Carbon Monoxide <100 ppmv
NOx <10 ppmv
SOx <10 ppmv
Oxygen <10 ppmv
Nitrogen -
Hydrogen <50 ppmv
Argon -
Methane -
Non-condensable -
Water <30 ppmv
Hydrocarbon -
Particulates 1 mg/Nm?3
Particle size <10um
Mercury <0.03 ppmv
NHs <10 ppmv
Others Amine <10 ppmv

Formaldehyde <20ppmv
Acetaldehyde <20pmv

Cd+Tl <0.03 ppmv

Note: Equinor and Acorn specification is related to gaseous phase COs:.
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2.8 Pipeline Profile

The pipeline is buried to 1.2 meter depth to Top of Pipe (ToP). The pipeline from Dublin Bay Power Plant to
CPF at Poolbeg is approximately 1,455 meter in length with an elevation profile as below.

Figure 2-1 CO; Pipeline from Dublin Bay Power Plant to the CPF Terminal

Pipeline Elevation Profile from Dublin Bay Power Plant to CPF at Poolbeg
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The CPF at Poolbeg would accommodate all necessary CO2 compression, liquefaction and storage facilities.

The export of the CO2 will be performed via a new jetty at Poolbeg. The piping length from the intermediate
storage tanks along a new jetty to the jetty head is ~1,044 meters and is flat.

2.9 Pipeline Design Parameters

The pipeline is designed to meet the following requirements.

2.9.1 Pipeline Design Parameters

The gaseous CO:2 pipeline was sized based on the battery limit pressure requirement at CPF and available

pressure at the inlet of the pipeline (i.e. at Dublin Waste to Energy (Covanta), Poolbeg Power Station and ESB
Dublin Bay CCGT).

For the pre-FEED study, the standard pipeline wall thickness is selected considering the pipeline design factor
of 0.3, accounting for the manufacture tolerances and considering 3 mm corrosion allowance.

The pipeline specifications for the options studied are as below.
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Table 2-8 Gaseous CO; Pipeline Design Parameters

Parameter Specification

NPS Size, mm 350 400
Standard Wall Thickness, mm 11.91 14.27
Design Pressure, bara 40

Pipe Roughness, mm 0.0457

Pipeline Material Carbon Steel, API 5L Gr. X-42

Corrosion Allowance Wall Thickness includes 3 mm Corrosion Allowance

The liquefied COz2 cryogenic piping specifications for the selected option are as below.

Table 2-9 Liquified CO; Piping Design Parameters

Parameter Specification

NPS Size, mm 400

Standard Wall Thickness, mm 14.27

Design Pressure, bara 43

Pipe Roughness, mm 0.0457

Pipeline Material LTCS, API 5L Gr. X-42

Corrosion Allowance Wall Thickness includes 3 mm Corrosion Allowance

2.9.2 Material Properties

The table below presented the thermal properties of the pipeline and external layers used for the analyses.
For the cryogenic COz2 piping, appropriate insulation material to be selected offering reasonable U values for
thermal management as well as for impact protection. For all the buried pipeline, no insulation is considered.

Table 2-10 Pipeline Material Properties

Thickness (mm) Thermal Density (kg/m3) Heat Capacity (J/kg.K)
Conductivity
(W/m.K)
Carbon Steel See Table 2-8 45 7,850 500
3LPE 3.5 0215 900 1,950
Onshore Soil 1,200 1.7 1,520 1,200
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210 Surrounding Conditions

2.10.1 Soil Temperature

For the onshore CO: pipelines buried at a depth of 1.2 meter to Top of Pipe (ToP), soil maximum and minimum
temperature during summer and winter conditions respectively are as below.

Table 2-11 Soil Temperature

Temperature

Maximum Temperature (Summer), °C 15

Minimum Temperature (Winter) °C 6

2.10.2 Air Temperature

Table below shows the maximum and minimum air ambient temperature for the above ground pipeline.

Table 2-12 Air Temperature

Temperature

Mean Daily Maximum Ambient Temperature, °C 18.71

Minimum Ambient Temperature, °C (n=20)2 -8.7%

1 https.//www.met.ie/climate-ireland/1981-2010/cork.html
2 n= Year Return Period Values of Extreme Temperature
3 ASHRAE CLIMATIC DESIGN CONDITIONS 2017

211 Metering and Monitoring of CO-

Custody metering and quality monitoring of CO2 will take place at emitter sites.

Emitters shall share the CO: quality and metering data with Ervia control centre in Dublin. Emitters shall also
share calibration records of CO2 metering and quality monitoring instruments and analysers with Ervia. The
emitter shall inform the Operator at the CPF immediately if there is any deviation in quality of CO2. Emitters
shall immediately close the isolation valves at their facility if there is any deviation in quality of COs-.

If the CPF Operator determines that the quality of CO2 entering the gathering network is out of specification
(either by own analysis results or analysis results provided by the emitter), the CPF Operator should inform
Operator at emitters site so that Operator at emitters site can shut the pipeline operations. Provision is also
provided for CPF Operator to initiate remote shutting of pipeline valves using motor operated valves. This
action will contain the out of specification CO: to the pipeline. The above measures will protect the CPF from
out of specification CO2. The out of specification CO2 in the pipeline can be depressurised using a
depressurisation valve. Venting of out of specification CO2 will be at the emitter sites. Refer Operations and
Maintenance Philosophy (Ref. 2) for more details.

Metering and quality monitoring of stored CO2 will be provided for CO2 that will be exported from Dublin CPF
via ship.
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2.12 Erosion Criterion

To prevent pipeline erosion, the design erosional-velocity criterion will be based on API RP 14E:

C
Verosion = \/_,0

For the analyses C value of 122 (kg/m/s?)%5 is considered for the equation above with local fluid density
expressed in Kg/m3.
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3 RESULTS AND DISCUSSIONS

This section presents the findings of steady state results and transient analyses performed on the selected
concept to transport gaseous CO: to the CPF. At the CPF, CO: is liquefied and exported via new jetty.

For the purpose of this study, the pipelines were sized for steady state conditions and further flow assurance
assessments were performed to check the implications of transients during various mode of operations. The
analyses were performed for the summer conditions and additional analyses were performed for winter
conditions where it deemed necessary.

3.1 Gaseous CO: Pipeline

The hydraulic simulations and analyses were performed for the potential carbon capture and storage project.
The gaseous COz is transported to the CPF from three emitter location i.e., Dublin Waste to Energy (Covanta),
Poolbeg Power Station and ESB Dublin Bay (Synergen) CCGT).

3.11 Steady State

For the steady state operation, the gaseous COz: is transported to the CPF higher than 32 bara. For the
analyses, a delivery pressure of 33 bara at CPF battery limit was considered. The pipeline sizing analyses is
performed for summer conditions considering Acorn COz2 specifications (= 95 mol% COz) as it results in higher
pipeline pressure drop. For the summer conditions, CO: inlet temperature of 37 °C is considered at the emitter
battery limit location.

The pipeline section from Dublin Bay Power plant to Covanta, Covanta to Poolbeg CCGT and Poolbeg CCGT
to the CPF are approximately 355 meters, 984 meters and 116 meters respectively which are reasonably small
sections. To keep the system simple from an operational point of view and to avoid multiple pig
launchers/receivers at various location, a single pipeline size was considered for the complete pipeline system.
With this approach, a pig launcher at Dublin Bay Power Plant and receiver at the CPF will only be required.

The sizes analysed for the system are as below. The table provides the pressure at the emitter location, along
with the pipeline velocity and delivery temperature for the design throughput.

Table 3-1 Steady State Results based on Pipeline Size

Season Nominal From/To Flow Pr. Inlet Outlet Velocity (m/s) in Pipeline

Composition Size Rate (Bara) Temp. Temp. Section
(mm) (Kg/hr) (°C) (°C)

From Dublin Bay 59,524  34.95 37 354 ~2.8 in Dublin Bay - Covanta

Summer From Covanta 89,286 33.88 36.37 34.1 ~7.1in Covanta - Poolbeg

95 Mole% 350 .

CO. From Poolbeg 59,624 3317 3481 345 ~10.1 in Poolbeg - CPF
To CPF 208,334 33.00 34.5

From Dublin Bay 59,524  33.50 37 354 ~2.0 in Dublin Bay - Covanta

Summer From Covanta 89,286 3346 36.3" 34.3 ~5.5in Covanta - Poolbeg

95 Mole% 400 :

CO» From Poolbeg 59,524 3310 35.01 347 ~7.8 in Poolbeg - CPF
To CPF 208,334 33.0 34.7

"Commingled fluid temperature at Covanta and Poolbeg CCGT location

For both the 350 mm and 400 mm pipelines, the velocities are lower than erosional velocities for the delivery
pressure of 33.0 bara at CPF. Based on the preliminary economic evaluation, 400 mm pipeline was selected
as it results in lower net present cost (i.e. cost of total system power requirement plus the cost of pipeline
material) in comparison to 350 mm pipeline for the design life of the system.
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The figure below shows the pressure and temperature profile for the 400 mm pipeline operating in summer
conditions (95 Mole % COz3). As shown in the plot, the temperature spikes up at Covanta and Poolbeg CCGT
locations due to CO2 gas being received at 37 °C at the emitter locations. The commingled fluid temperature
at Covanta and Poolbeg CCGT location were 36.3 °C and 35 °C respectively.

Figure 3-1 CO; Pipeline from Dublin Bay to CPF Steady State Results

Pipeline Steady State Pressure and Temp. Profiles From Dublin Bay Power Plant to Delivery Location
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The table below provides the steady state results for the pipeline during winter season.

Table 3-2 Steady State Results for 400 mm Pipeline during Winter Season

Season Nominal From/To Flow Pr. Inlet Outlet Velocity (m/s)in Pipeline Section
Composition Size Rate (Bara) Temp. Temp.
(mm) (Kg/hr) (°C)  (°C)

From Dublin Bay 59,524 33.43 11 10.6 ~1.9 in Dublin Bay - Covanta
Winter From Covanta 89,286 33.39 10.87 101 ~4.7 in Covanta - Poolbeg
95 Mole% 400
CO2 From Poolbeg 59,524 33.09 10.3" 10.2 ~6.7 in Poolbeg - CPF

To CPF 208,334 33.00 10.2

"Commingled fluid temperature at Covanta and Poolbeg CCGT location

The results of 400 mm pipeline considering 99 Mole % CO2 composition operating in summer and winter
conditions are very similar to 95 Mole % CO2 composition results above.

3.1.2 Turndown Flow

For the turndown rate of 0.25 MMtpa (28,538 kg/hr based on 365 day of operation), the velocity in the pipe
ranges from ~1 — 1.1 m/s when operating at 33 bara at the CPF location. The fluid is delivered at 26.7 °C at
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the CPF battery limit when the flow is only from Dublin Bay during summer operation. No flow instability was
observed in the pipeline being in a gaseous phase.

3.1.3 Pipeline Shutdown/Cooldown

Planned and unplanned shutdown operations are routinely performed for maintenance or contingency.
Pipeline shutdown was initiated by simultaneously closing the block valve at the pipeline inlet at Dublin Bay,
Covanta, Poolbeg CCGT and at the CPF battery limit. The following figure presents the cooldown profile
following a shutdown from design flowrate (i.e. 59,524 Kg/hr from Dublin Bay, 89,286 Kg/hr from Covanta and
59,524 Kg/hr from Poolbeg CCGT) at increasing time intervals during the pipeline cooldown process. At 240
hours after the pipeline shutdown, the pipeline inlet and outlet temperatures were 18.7 °C and 18.3 °C which
was still away from the ambient soil temperature of 15 °C.

Figure 3-3 CO; Pipeline from Dublin Bay to CPF Cooldown Temperature Profiles

Pipeline Shutdown/Cooldown Temperatures Profiles
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The graph above presents cooldown profiles at certain time intervals. The corresponding pressure profiles are
presented below.
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Figure 3-4 CO; Pipeline from Dublin Bay to CPF Cooldown Pressure Profiles

Pipeline Shutdown/Cooldown Pressure Profiles
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Figure below shows the pressure trend at the pipeline inlet. As the pipeline cools, the pressure contracts and
attains approximately 30.7 bara at 240 hours.

Figure 3-5 CO; Pipeline from Dublin Bay to CPF Cooldown Pressure Trend

Pipeline Inlet Pressure Trend during Cooldown

35

34
©
@ 33
2
g
>
a
4 32
o

31

30

0 20 40 60 80 100 120 140 160 180 200 220 240
Time (Hours)
—— PT [bara] (DB_Covanta.PIPE-1.1) "Pressure"

Likewise, temperature trends for the inlet and outlet of the pipeline are provided in the next figure also up to
240 hours of cooldown.

MDE1234-RPS-01-DX-RP-Z-0001 | Ervia CCS Pre-FEED Study | S3 P01 | 13 April 2022

rpsgroup.com Page 15



Flow Assurance & Hydraulics Analyses Report - Dublin

Figure 3-6 CO; Pipeline from Dublin Bay to CPF Cooldown Temperature (Inlet/Outlet) Trends

Pipeline Temperature Trend (Inlet/Outlet) During Cooldown
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The below figure presents the final stabilised pressure (~30.2 bara) and temperature conditions along the
pipeline route after the pipeline content is cooled down to ambient surrounding soil temperature of 15 °C.

Figure 3-7 CO; Pipeline from Dublin Bay to CPF Pressure and Temp. Profile after Full Cooldown

Pipeline Pressure and Temperature Profiles after Full Cooldown
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3.1.4 Pipeline Restart

The pipeline condition during the restart operation is in a single gaseous phase (i.e., no liquid drop out). Thus,
restarting the system from shutdown / full cooldown was smooth.

For the summer condition, the pipeline settle-out pressure was ~30.2 bara with a temperature of 15 °C prior to
the pipeline cold restart. The figure below demonstrates the restarting of the pipeline in 1 hour after the pipeline
was shutdown and cooldown to ambient temperature conditions.

As shown in figure below, Dublin Bay to CPF pipeline flow was increased to design rate of 59,524 kg/hr in 1
hour. For the restart operation, flow was resumed from emitter at ESB Dublin Bay. The figure shows the
temperature trends at the pipeline inlet (at Dublin Bay) and pipeline outlet (at CPF) with the increase in the
flow rates. The pressure at the pipeline inlet increased to 33.1 bara for a delivery pressure of 33.0 bara at the
CPF location.

Figure 3-8 CO, Pipeline Restart Pressure, Temperature and Flow Rate Trend

Pipeline Flowrate, Pressure and Temperature Trend Plot During Restart
80,000 40
70,000 /—P— 35
[ T
60,000 30 &
£ ¢
}o =]
¥~ 50,000 5 3
% a
~
'; 40,000 20 T
o
[ ’ g
9 30,000 15 2
© o
= 9]
Q
20,000 10 E
10,000 5
0 f T T T 0
0 1 2 3 4 5
Time (Hr)
——GT [kg/h] (DB_Covanta.Pipe-1.2) "Total mass flow"  ——TM [C] (DB_Covanta.Pipe-1.2) "Fluid temperature"
TM [C] (Poolbeg_CPF.Pipe-3.9) "Fluid temperature" ——PT [bara] (DB_Covanta.Pipe-1.2) "Pressure"

MDE1234-RPS-01-DX-RP-Z-0001 | Ervia CCS Pre-FEED Study | S3 P01 | 13 April 2022
rpsgroup.com Page 17



Flow Assurance & Hydraulics Analyses Report - Dublin

Figure 3-9 CO; Pipeline from Dublin Bay to CPF Restart Temperature Profiles

Pipeline Restart Temperature Profiles from Shutdown/Full Cooldown
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The graph above presents the pipeline temperature profiles at certain time intervals. The corresponding
pressure profiles are presented below.

Figure 3-10 CO; Pipeline from Dublin Bay to CPF Restart Pressure Profiles

Pipeline Restart Pressure Profiles from Shutdown/Full Cooldown
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3.1.5 Pipeline Ramp-up

No operational challenges were observed for the ramp-up operation of the pipeline. The ramp up flow rate is
only limited by the processing facility at CPF location.
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3.1.6 Pipeline Pigging

Pipeline pigging can be performed for the CO: pipeline. However, this will not be for liquid management as no
liquids are predicted in the pipeline. Hence, pigging is not required during normal operation of the pipeline,
pigging will only be performed for inspection and inline coating procedures (if considered later) on the inner
pipe wall during maintenance or for cleaning purposes of the pipeline. A cleaning pig is usually launched before
an inspection pig.

The frequency of inspection pigging will be set by the experience gathered by the operator during normal
operation, with the help of periodic sampling to monitor such issues. For pigging the pipeline, the flow is suitably
reduced to achieve approximately 27,056 kg/hr (~12.6 MMSCFD) which equates to a desirable pigging velocity
of ~1 m/s. Once the flow stabilised in the pipeline, the pig was launched from Dublin Bay at Time = 3 hours. It
took approximately 0.40 hours (24 minutes) to receive the pig at the CPF delivery location. The next figure
shows, the gas flow rate and pig velocity in the pipeline.

Figure 3-11 CO; Pipeline Pigging at 1m/s from Initially Flowing at Design Flow

Pipeline from Dublin Bay to CPF Pigging Operation
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3.1.7 Pipeline Packing

Packing operation was performed for the pipeline from Dublin Bay to the CPF by closing the outlet valve at the
CPF location and continuing to feed the pipeline at a design throughput from Dublin Bay (59,524 kg/hr),
Covanta (89,286 kg/hr) and Poolbeg (59,524 kg/hr) up to the design pressure of 40 bara.

It took approximately 0.82 minutes to reach 40 bara from the initial steady state pressure of 33.0 bara at the
pipeline outlet (i.e., at the CPF location). The outlet valve was closed in 16 seconds considering 1 second per
inch diameter.
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Figure 3-12 CO; Pipeline Packing from Dublin Bay to CPF
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As indicated in the plot above, once 40 bara was attained at the pipeline outlet, the flow was isolated at the
pipeline inlet emitter’s location. The blocked export pipeline pressure equalises and gradually reduced with
time as the pipeline content cooled down.

This approach provides a conservative result and needs to be considered in more detail during design
development of the next phase. Once the compressor selection is made and compressor characteristic
curves/unit maximum power requirements are available, actual pipeline pressurisation/packing time can be
determined. The time to pack the pipeline to maximum allowable operating pressure will be slightly more than
the results shown above. This is due to the fact that during the packing operation, the flow through the
compressor will be limited by its horsepower.

3.1.8 Pipeline Depressurisation

A depressurisation analysis has been performed after the shutdown of the pipeline. Once the pipeline was
shutdown, block valve at the Dublin Bay, Covanta, Poolbeg emitter location and CPF interface was closed. To
completely depressurise the pipeline from the vent stack system, pipeline intermediate block valve stations (if
included) were left open. The depressurisation was performed following a shutdown and full cooldown to
ambient conditions.

In the absence of depressurising pipework details and other information, the analysis is performed considering
a Leak in OLGA model with back pressures of 2 bara. Appropriate CO2 conditioning or process operation
needs to be performed prior to relieving the gas through the vent stack.

To determine the de-pressuring orifice size, a parametric analysis was performed in which depressurisation
time, relieving rates and other parameters were collected based on the various orifice sizes studied. The
analyses considered a range of RO sizes, i.e., from 0.5-inch to 2-inch. A typical pipeline de-pressuring results
are presented in figures below with a back pressure of 2 bara after a full pipeline cooldown to the ambient
temperature.

A winter condition was used for all the analyses as a worst-case scenario. The settle-out pressure in the
pipeline (at Dublin Bay) after the pipeline was shutdown and its content cooled down to ambient temperature
of 6 °C was ~32.5 bara. The objective of the analysis is to determine the variation in the temperature of pipeline
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fluid content during the depressurisation process. The minimum temperature of ~ -0.7 C occurs in the pipeline
during the depressurising of the pipeline from a RO size of 1-inch.

Figure 3-13 CO; Fluid Temperature within the Pipeline during Blowdown
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Figure 3-14 CO; Pipeline from Dublin Bay to CPF - Depressurised after Full Cooldown
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The above figure represents a typical de-pressuring case, in which the pipeline is depressurised from a full
cooldown with a pressure of approximately 32.5 barg (at Dublin Bay location) to 2 bara. From the above graph,
depressuring times range from approximately 1.6 hours with a 2-inch RO and approximately 9.5 hours for the
smaller 0.5-inch RO case.
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Depressuring a fully cooled pipeline to 2 bara resulted in the lowest relieving temperature downstream of the
blowdown valve. Please note that the fluid is not processed/heated prior to letting down its pressure to 2 bara.
A minimum fluid temperature of approximately -40 °C occurs downstream of the blowdown valve for the RO’s
as observed in the next figure. Appropriate processing of the fluid will be required prior to venting.

Figure 3-15 CO; Pipeline from Dublin Bay to CPF — Fluid Temp. Downstream of Blowdown Valve
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The following figure presents the mass relieving rates for the depressuring case. A maximum gas rate of 1.3
kg/s occurs with a 0.5-inch RO and 18.9 kg/s for a 2-inch RO size.

Figure 3-16 CO; Pipeline from Dublin Bay to CPF — Depressuring Mass Rate

Pipeline from ESB Dublin Bay to CPF Depressuring Mass Rate after Full Cooldown

-10

Mass Rate (Kg/s)

-15

-20

0 1 2 3 4 5 6 7 8 9 10
Time (Hours)
e ROO. 500 e RO 1IN RO2in

MDE1234-RPS-01-DX-RP-Z-0001 | Ervia CCS Pre-FEED Study | S3 P01 | 13 April 2022
rpsgroup.com Page 22



Flow Assurance & Hydraulics Analyses Report - Dublin

The next figure presents the relieving gas rate to vent stack. From the figure below, a peak relieving rate is
approximately 31.8 MMSCFD with the larger RO size of 2-inch and approximately 2.2 MMSCFD for the 0.5-
inch case.

Figure 3-17 CO2 Pipeline from Dublin Bay to CPF — Gas Relieving Rate
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Overall, a suitable RO size needs to be selected based on blowdown times and pipeline relief limitations onto
the vent systems. This will require adequacy checks based on current or future planning of the system venting
philosophy and vent capacity considering simultaneous and staggered depressurisation from single or multiple
locations.

3.2 Liquified CO2 Piping to Jetty

The COzis liquified and transported via a COz carrier (marine vessel) from cryogenic intermediate storage
tanks. Cryogenic CO2 piping will run from the intermediate storage tanks along a new jetty to the jetty head
where it will be discharged via cryogenic loading arm into a visiting CO2 carrier.

It is expected that initial operation with relatively low export throughput would start with smaller ship sizes of
7,500 m3 and cargo transfer rate of 800 t/hr of liquid CO2 under medium pressure conditions. Larger ship size
of 15,000 m® may be required as export throughput increases. Table 2.3 provides the ship loading rate based
on the size of 7,500 m3 and 15,000 m3.

The sizing of the pipe from CPF to the jetty loading arm is selected with a design flow of 1,600 t/hr transfer
rate to cater for the larger ship size of 15,000 m2. Two pumps each with a transfer rate of 800 t/hr of liquid CO2
is used for the analyses. For the 7,500 m?3 case, a single pump with a transfer rate of 800 t/hr of liquid COz2 is
considered. For the analysis, the COz2 liquid pipe from the CPF to the jetty loading arm of 1,044 meter is
considered. For the transportation of liquid COz2, a margin of ~4 °C is considered from the equilibrium point to
avoid any phase change in the pipe.

The pipe pressure and temperature profile for the design throughput during summer operations are in the
figure below. Based on the steady state analysis, 400 mm pipe size results in liquid velocity of ~3.8 m/s for
1600 t/hr flow rate. The pipe inlet pressure of 22.6 bara was required to deliver liquid CO2 at ship tanker
pressure of 20 bara. For the analysis, pipeline overall heat transfer coefficient of 2 W/m2.C was considered.
Based on the heat transfer coefficient selected, temperature increased by ~ 0.07 °C along the length of the
pipe considering summer ambient air temperature of 19 °C. During the FEED/detailed design, the appropriate
heat transfer properties will be selected based on the insulation used.
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Figure 3-18 CO; Liquid Pipeline — Steady State Pressure and Temperature Profile
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The steady state results indicate that pressure of 20.7 bara was required at the pipe inlet for a delivery pressure
of 20 bara for a flow of 800 t/hr flow rate using a 400 mm pipe. The pipe liquid velocity was ~1.9 m/s.

The transient hydraulic analysis was performed for the liquid pipe considering the pipe design pressure of 43
bara. The pipe design pressure was assumed to be the MAOP of the pipe, pending the results of a system
hydro test. The liquid transient analysis was performed to ensure that maximum transient pressure in the pipe
is below the Maximum Allowable Transient Pressure (MATP). MATP is 110% of Maximum Allowable Operating
Pressure (MAOP).

The steady state conditions for the design flow were used as a starting state for the transient analysis. For the
steady state analysis, the pump draws the liquid COz2 from the liquid CO2 sphere at a pressure of 20 bara. The
Figure 3.18 shows the pressure and temperature profile of the system at steady state operation.

In the absence of pump characteristics in this stage of project, a pump curve was generated by using the rated
flow of 856 m3/hr with a total dynamic head of 127 meters (as provided in the P&ID) to perform a worst-case
transient scenario in the event of blocked outlet at the pipe outlet/loading arm location. In actual operation,
based on control narratives, the pump goes into recycle in the event of low flow through the pump and thus
will not see shut-off head. In the absence of pumping system layout and control strategy (which will be finalised
in FEED stage), a worst-case transient scenario was considered in which pump was allowed to run at shut-off
pressure in the event of blocked pipe outlet and then the pump was tripped. The emergency valve at the pipe
outlet was closed in 6-seconds against the running system. The results of the transient conditions are
presented below.

The following figures show the results of the valve closure analysis. The valve closure started at Time = 40
minutes in the simulation, from the steady state operation. Figure 3.19 shows the surge effect at the outlet of
the pipe (i.e., upstream of valve) in the event of valve closure. As evident from the plot, the pressure rise occurs
due to pumps shut-off pressure and pressure wave moving back and forth in the closed boundary i.e., between
the pump discharge check valve and closed valve at the delivery location. A valve closure time of 6-seconds
would be acceptable (in avoiding system overpressure violations) as the design pressure of the pipeline is
beyond the maximum transient pressures generated during shutdown due to emergency valve closure.

The maximum pressure in the pipe for 6-seconds valve closure is ~42.7 bara and is below the maximum
allowable operating (MAOP) and transient pressure (MATP) of the pipeline.
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Figure 3-19 CO; Liquid Pipeline — Transient Pressure during Inadvertent Valve Closure
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Analysis should be conducted again after final information is determined for the design and operation of the
pipeline. This includes but not limited to pump curves (VFD operation if any), system pressures, selected

control valve Cvo, system control settings, and the profile.
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4 OPERATIONAL PHILOSOPHY

This Operating Philosophy needs to be read in conjunction with the steady state and transient results
presented earlier in the report for the export pipeline. This section describes typical operational modes for a
pipeline system which are evaluated in this hydraulics and flow assurance study. The transient scenarios
helped to evaluate certain operations such as production ramp-up, extended shutdown/cool-down, restart,
pipeline pigging, packing and blowdown operations. The main aim of these pipeline modes of operations was
to assess and mitigate any issues.

All the different modes of operations need to be examined rigorously from a hazard identification point of view
as it is a relatively new area associated with CCS projects. Hazards cannot be effectively managed if they
have not been identified thoroughly. Safety risk assessments such as human impact to inhaled COz, health
effects from exposure of CO2 composition with other chemical components, environmental impact, accidental
release, effect of potential phase change and dispersion of the fluid need to be thoroughly evaluated.

The CO:2 purity and group of impurities or contaminants has an impact on the pipeline hydraulics and other
system requirements. Generally, the CO2 purity is great than 95% by volume, lower CO:2 purity causes
increased piping diameter or pressure for a given volume of CO2 to be transported and will require more
stringent water specifications. Water can lead to corrosion and hydrate formation in the pipeline.

4.1 Pipeline Commissioning

Before the commencement of full-scale operations, the newly constructed pipeline is subjected to a series of
checks which determine the suitability for the intended functions. These procedures include pipeline pre-
commissioning and commissioning checks which are carried out in an ordered sequence. To safely start up
the pipeline, the following is required:

Pipeline flushing and cleaning

Pipeline pigging

Hydrostatic pretesting

Pipeline dewatering, pipeline purging, drying

ol OO

4.2 Normal Pipeline Operation

The steady state analyses were performed for the design throughput and turndown flow of CO: pipeline
operating in the gas phase. There was no flow instability observed while operating in winter or summer
conditions. The CO2 pressure and temperature conditions were well away from the equilibrium line in a
gaseous phase.

For the liquid CO: pipeline, to keep the fluid in a liquid phase, the margin below the dew point of approximately
4 °C corresponding to pipeline operating pressure was considered. The temperature increase was ~ 0.7 °C
along the length of the pipeline for 1,600 t/hr flowrate considering summer ambient air temperature of 19 °C.

4.3 Pipeline Shutdown

Planned and unplanned shutdown operations are routinely performed for maintenance or contingency. These
operations cause deferred transportation and require specific operations to start the pipeline.

A planned operation involves the gradual shut-in of the pipeline affected for routine maintenance operations
which are being performed to minimise the downtime.

Traditionally, an unplanned shutdown presents a more serious situation in which the causes of shutdown must
be resolved asap. The environmental impact from a number of unplanned shutdowns or unscheduled
downtimes must be resolved immediately. With such risk at stake the smartest move for pipeline operators is
to ensure that they have effective and efficient risk management systems. This includes equipment failure
prevention and proper asset integrity management to mitigate the risk of unplanned shutdowns.

The shutdown/cooldown of the pipeline from Dublin Bay to CPF (i.e. simultaneously closing the block valve at
the emitter locations and at the CPF Terminal battery limit) results in the pipeline inlet (at Dublin Bay) and
outlet (at CPF) temperatures of 18.7 °C and 18.3 °C respectively with a settle-out pressure of ~30.7 bara after
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240 hours of cooldown. Full cooldown to ambient soil temperature of 15 °C resulted in no liquid dropout at low
points along the pipeline profile with a final stabilised pressure of 30.2 bara.

For the liquid COz2 pipeline, in the event of extended shutdown, the pipeline cryogenic content is purged out.

4.4 Pipeline Restart

The pipeline restart operation after the system was shutdown and cooldown to ambient temperature condition
was smooth and in a single gaseous phase (i.e., no liquid drop out).

For the liquified CO:2 piping, once the loading is performed, the flow is recirculated through the pipeline at a
minimum rate to remove the heat ingress from the surrounding till the next ship loading resumes.

4.5 Pipeline Pigging

Pipeline pigging can be performed for the CO: pipeline. However, this will not be for liquid management as no
liquids are predicted in the pipeline. Hence, pigging is not required during normal operation of the pipeline,
pigging will only be performed for inspection and inline coating procedures (if considered later) on the inner
pipe wall during maintenance or for cleaning purposes of the pipeline. A cleaning pig is usually launched before
an inspection pig.

The frequency of inspection pigging will be set by the experience gathered by the operator during normal
operation, with the help of periodic sampling to monitor such issues. Cleaning pigs will be launched prior to
the launch of In-Line Inspection pigs (ILI) assembly to monitor pipeline integrity on a routine/scheduled basis
to check for defects along the pipeline route.

Use of a proper pigging program with the correct selection of pigs helps to maintain the integrity and optimum
efficiency of the pipeline while safeguarding both the environment and the pipeline asset. The method and
frequency of pigging is driven by regulatory requirements, operational and Integrity Management requirement.
Pipelines are normally pigged for Pre-Commissioning and Commissioning (Water filling and Debris removal,
gauging of the internal diameter, Dewatering and Drying), Operation (Cleaning, sweeping out liquids, batching
products and chemical treatment, Corrosion and scale control) and Integrity Management (Pipeline internal
inspection, Geometric survey).

The pipeline being a carbon steel will require inspection pigging to be carried out on a periodic basis to
ascertain the integrity of a pipeline. Inspection pigs will be required to evaluate pipeline integrity and the
launchers and receivers will have to be suitable for the deployment and recovery of the selected inspection
pig.

In-Line-Inspection (ILI) is carried out with in-line-inspection tools, which collect data for assessment on the
physical condition of pipelines and can be used to identify metal loss, cracking and other defects. The first
integrity monitoring pigging forms the base line for all future integrity surveys. Frequency of subsequent
integrity monitoring pigging shall depend on base line survey results and previous integrity monitoring pigging
results, which would ascertain the corrosion rates.

ILI tools, sometimes referred to as “intelligent” or “smart” pigs, are used to inspect pipelines for evidence of
internal or external corrosion, deformations (dents, etc.), cracks, or other defects.

The selection of a particular type of ILI tool is typically based on the perceived threats to the pipeline integrity
as well as the pipeline’s physical and operational characteristics. Magnetic Flux Leakage (MFL) and Ultrasonic
Testing (UT) are the two primary methods for in-line inspection of pipelines. UT tools are well suited for heavy
walled pipe.

For the ILI pigging operation, a pipeline cleaning program should be adopted to assure that the pipeline is
clean for Intelligent pigs to function correctly. Solids (iron oxide, or other debris) present on the internal pipe
wall can interfere with data collection and thus undermine the quality of inspection results and may even cause
the inspection tool to become lodged in the pipeline.
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4.6 Pipeline Ramp-up

No operational challenges were observed for the ramp-up operation of the pipeline system as the fluid was in
single gaseous phase. The ramp up flow rate is only limited by the inlet and delivery facilities (i.e., processing
facility at CPF location).

4.7 Pipeline Packing

Packing operation was performed for the pipeline from Dublin Bay to CPF by closing the outlet valve at the
CPF location and continuing to feed the pipeline at a design throughput from all the emitters (Dublin Bay,
Covanta, Poolbeg CCGT) up to the design pressure of 40 bara. It took approximately 0.82 minutes to reach
40 bara from the initial steady state pressure of 33.0 bara at the pipeline outlet (at CPF).

4.8 Pipeline Depressurisation

Depressurisation analysis has been performed after the shutdown of the CO2 pipeline from Dublin Bay to the
CPF. The blowdown of the pipeline is performed following a full pipeline cooldown to ambient conditions. Based
on the situation envisaged and location of the pipeline block valves (if included), specific section of the pipeline
or complete pipeline can be depressurised using the venting system. Section 3.1.8 provides the fluid
temperature in the pipeline, pipeline pressure, depressurising mass flow rate, gas relieving rate to the vent
system during the blowdown operation.

The analyses were performed considering various orifice sizes (i.e., from 0.5-inch to 2-inch) to determine the
impact on the depressurisation loads and time required to depressurise the CO: pipeline. In context to the
venting philosophy and venting capacity, load analyses/studies need to be performed in FEED stage. Overall,
a suitable RO size needs to be selected based on blowdown times and pipeline relief limitations onto the vent
system.
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5

CONCLUSIONS

The report presents the pre-FEED study supported by steady state and transient analyses. The main
conclusions are as below:

Based on the hydraulics analyses, 400 mm pipeline was selected from Dublin Bay to CPF, which
results in Dublin Bay, Covanta and Poolbeg pressure of 33.5, 33.46 and 33.1 bara respectively in
delivering gaseous CO: at the CPF battery limit at a pressure of 33.0 bara during summer operation.
The velocities in the pipeline were below the erosional limits.

No liquid dropout occurred in the gas pipeline network during various modes of operations (Steady
State, Shutdown, Turndown, Restart, Ramp-up, Pigging, Pipeline Packing and Depressurisation)

The shutdown/cooldown of 400 mm pipeline from Dublin Bay to CPF (i.e. simultaneously closing the
block valve at the emitter locations and at the CPF battery limit) results in final stabilised pressure of
~30.2 bara after pipeline content is cooled down to ambient surrounding soil temperature of 15 °C.

Pipeline packing operation was performed by closing the outlet valve at the CPF Terminal battery limit
and continuing to feed the pipeline at a design throughput from all the emitters (Dublin Bay, Covanta,
Poolbeg CCGT) up to the pipeline design pressure of 40 bara. It took approximately 0.82 minutes to
reach 40 bara from the initial steady state pressure of 33.0 bara at the CPF location.

Regular pigging operation is not required during normal operation from liquid management point of
view as there are no liquids predicted in the pipeline. Pigging is only performed for inspection and
inline coating procedures (if considered later) on the inner pipe wall during maintenance or for cleaning
purposes of the pipeline.

For pigging of the pipeline from Dublin Bay to CPF, the flow is suitably reduced to achieve
approximately 27,056 kg/hr (~12.6 MMSCFD) which equates to a desirable pigging velocity of ~1 m/s.
It took approximately 0.40 hours (24 minutes) to receive the pig at the CPF delivery location.

The Depressurisation was performed considering various orifice sizes to determine the fluid
temperature in the pipeline, pipeline pressure, depressurising mass flow rate and gas relieving rate to
the vent system. In the absence of depressurising pipework details and other information, the analysis
is performed considering a Leak in OLGA model with back pressure of 2 bara. Please note that
appropriate CO2 conditioning or process operation needs to be performed prior to relieving the gas
through the vent stack.

The objective of the depressurisation analysis was to determine the variation in the temperature of
pipeline content during the depressurisation process. The minimum fluid temperature within the
pipeline during the blowdown of Dublin Bay to CPF pipeline from a 1-inch orifice was ~ -0.7 °C with a
maximum blowdown rate of ~5.1 kg/s (18,328 kg/hr). No liquid dropout occurred in the pipeline.

For the liquified CO2 piping (from the intermediate storage tanks to the jetty head), a 400 mm pipe was
selected which results in pipeline liquid velocity of ~3.8 m/s for 1,600 t/hr flow rate. A worst transient
case of inadvertent valve closure at the piping outlet from a steady flow (1,600 t/hr) operation was
analysed. The maximum pressure in the piping for 6-seconds valve closure was ~42.7 bara and is
below the maximum allowable operating (MAOP) and transient (MATP) pressure of the pipe.
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