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Glossary
Term Definition
CCs Carbon Capture and Storage
CCGT Combine Cycle Gas Turbine
CCR Central Control Room
CRO Control Room Operator
CPF Central Processing Facility
DCS Distributed Control System
EPC Engineering Procurement and Construction
FEED Front End Engineering Design
FGS Fire and Gas System
ICSS Integrated Control and Safety System
I/0s Inputs/Outputs
P&ID Piping & Instrumentation Diagram
PPE Personal Protective Equipment
SIS Safety Instrumented System
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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 Poolbeg Power Station in Dublin was selected for a Central Processing Facility (CPF)
for liguefaction, storage, and export of CO2 overseas via a hew 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 CO:2 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 CO:
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 purpose of this document is to outline the recommended operational and maintenance philosophy.

Drain, vent and isolation philosophy shall be developed and implemented on the P&ID’s in the Detail Design
Phase (i.e. FEED and EPC).

This Philosophy is developed as a Pre-FEED document and is based on preliminary information, it shall be
further developed in the Detail Design Phase (i.e. FEED and EPC).
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2 RESPONSIBILITIES

2.1 Start-up Organisation

The Start-up organisation (Start-up) has the responsibility to receive handover of systems from the responsible
construction organisation.

On handover of all systems, Start-up commissions and places systems into service and conducts required
plant operational tests. Start-up also maintains care custody and control of the systems until plant operation
has been achieved and systems are turned over to the Owner’s organisation. Start-up organisation will be
responsible for the plant/contract performance guarantees, that will need proving prior to handover.

2.2 Owner’s Organisation

e The Owner's organisation has the responsibility to receive handover of systems from the Start-up
organisation. On handover from Start-up, the Owner's operation and maintenance group will operate
the plant according to plant design specifications;

e Once equipment and systems have been handed over to the Owner, plant operators shall operate the
equipment in accordance with provided guidelines, instructions, and supplier information;

e The Plant Engineer from operations team will provide assistance in interpreting supplier information,
specifications, operating procedures and additional instructions to the operators. The Plant Engineer
will also provide technical guidance in resolution of identified problems and handling of various
chemicals and materials involved; and

e |t shall be the Owner organisation’s responsibility to prepare standard operating procedures (SOP's)
for the operating plant. It is typical for the Plant Engineer to produce and maintain such documents.
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3
3.1

3.2

OPERATION PHILOSOPHY

Plant Operation and Control

All controls for the CPF shall be accessible through the plant distributed control system (DCS) located
in the central control room (CCR) which is located on the CPF site. Control of loading operation will
be from jetty control room which is located on the jetty. However, control of loading can be transferred
to central control room (CCR) at the CPF if required. The control system shall be designed to include
automatic control with interlock functions to minimise operator actions. The Operator shall also be
capable of manually performing start-up, operation, and shutdown functions, with sufficient interlocks
to prevent unsafe operation. Abnormal or unsafe operating conditions shall initiate appropriate alarms,
with subsequent plant shutdown. Restart shall be by operator initiation;

DCS Start and Stop will be provided for pumps and compressors after verification of permissives.
Operation of the plant will be controlled from the central control room (CCR) with the following key
operator required actions:

System line up and verification of equipment "ready for service" prior to system start;
Line up of "off-line" equipment;

Verification of manual valve (non-actuated) positions; and

Verification of tank and vessel levels via sight glass or level gauge.

O O O O

The Control Room Operator (CRO) shall be responsible for overall operation of the plant from the
central control room. CRO duty station will normally be at the main control console in the CCR. The
Operator will assist with verification of system line up and equipment condition verification as required
and directed by the CRO; and

Operator shall be responsible for operation of the physical plant equipment, including system line-ups
(verification of valve positions for operation), verifying readiness of equipment, placing local control
equipment in and out of service, as well as taking direction from the CRO for placement of large
equipment and systems in and out of service.

Modes of Operation

The modes of operation have been explained for Train 1 and are analogous for other trains. The Dublin Central
Process Facility has four operating and 1 standby trains. The standby train should have liquid NHz inventory
in the CO2 chiller and in the refrigerant receiver so that it can be brought online if one of the operating train
trips. The following section describes the steps taken for start-up and shutdown for various modes of plant

operation.
3.2.1 Start-Up — Refrigeration and Liquefaction

1. Operations to line-up valves and equipment;

2. Charge anhydrous ammonia into Refrigerant Storage Drum (V-2301);

3. Use Refrigerant Storage Drum Pump (P-2301) to build level in Refrigerant Receiver (V-2112);

4. From Refrigerant Receiver (V-2112), build level in CO2 Chiller (E-2111);

5. Start Refrigerant Compressor (X-2111A);

6. Introduce gaseous CO:zinto chiller circuit at turndown flowrate. The liquid COz from the chiller will be
diverted to the COz2 sphere (V-2201A) through a spray nozzle using flow control valve 2FV-02003A for
sphere cooldown. Any boil off gas generated during the initial phase can be recycled using boil off gas
compressor (X-2201 A/B);

7. Once sphere is cooled to sufficiently low temperature, open 2PV-02002A, close 2FV-02003A and

slowly increase the gaseous CO: flowrate to the design rate;
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8. When sufficient liquid level above low liquid level is achieved in the CO2 sphere, start the COz export
pump at turndown flowrate maintaining cooldown circulation through 2FV-02043;

9. When COzsphere (V-2201A) is slightly below high liquid level, automatically switchover should happen
to V-2201B or V-2201C, whichever is available. The details of automatic sphere switchover should be
developed during detail engineering.

3.2.2 Shutdown — Refrigeration and Liquefaction

1. Close 2TV-11011 to stop refrigerant flow to CO2 Chiller (E-2111);

2. Continue sending gaseous CO: into the CPF train to vaporise liquid ammonia from CO2 Chiller (E-
2111). Keep Refrigerant Compressor (X-2111 A/B) running;

3. Atfter liguid ammonia from CO2 Chiller (E-2111) has been vaporised, stop the Refrigerant Compressor
(X-2111 A/B);

4. Depressurise the NHsin the compressor circuit using 2XV-11036;

Ligquid NHs from Refrigerant Receiver (V-2112) will be drained to Refrigerant Storage Drum (V-2301)
using Refrigerant Storage Drum Pump (P-2301);

6. Purge the NHs circuit with gaseous COz;
7. Stop flowrate of gaseous COz into the CPF; and

8. Depressurise CO2zin CO2 Chiller (E-2111) through 2HV-11016 such that pressure in COz Chiller (E-
2111) does not fall below 8 bara in presence of liquid CO2due to minimum design metal temperature.

3.2.3 Ship Loading Operation
1. The ship is expected to arrive at Jetty in cold condition (-30°C @ 14 bara or -19.5 °C @ 20 bara) and
ready to load;
2. Connect the liquid and vapour loading arms to the ship;
Open 2XV-02048,2XV-02049, 2XV-02046, 2XV-02047 in loading arm lines;

Pump is running at the minimum flow for jetty lines cooldown. Gradually increase the pump flowrate
to the loading rate;

5. Once the high level of ship storage vessel has been reached, the ship is considered loaded, close
the loading arm XV’s (2XV-02048,2XV-02049, 2XV-02046, 2XV-02047);

6. Detach the liquid and vapour loading arms; and

7. Gradually reduce the pump flowrate to the minimum flowrate for jetty lines cooldown.

3.2.4 Refrigerant Truck Unloading Operation

The trucks coming for unloading operation should come with a quality certification which should be checked
before starting the unloading operation.

Truck unloading operation shall be conducted by wearing all the appropriate PPE identified for the NHs
unloading operation e.g. breathing apparatus, gloves, safety glasses, safety shoes. The PPE identified for
truck unloading operation should be identified at truck entry point/unloading area. Earthing and driveway
protection (e.g. barriers, key exchange systems) shall be provided for truck during detail engineering.

1. Anhydrous NHz will be offloaded into Refrigerant Storage Drum (V-2301). Refrigerant Storage Drum
(V-2301) is sized for one train refrigerant inventory.

MDE1234-RPS-01-DX-RP-Z-0004 | ERVIA CCS Pre-FEED Study | S3 P02 | 24 May 2022
rpsgroup.com Page 4



Operations & Maintenance Philosophy - Dublin

2. Vapour balancing and liquid loading connection provided for Refrigerant Storage Drum (V-2301) to
be connected to respective vapour balancing and liquid loading connections provided in the truck.

Open 2XV-03010 provided for vapour balancing.
Open 2XV-03001 provided for liquid loading.

Start the loading operation.

L o

When the level in ammonia storage drum (V-1301) has reached high level, close 2X-03001 provided
for liquid loading into V-1301.

~

Close 2XV-03010 provided for vapour balancing.

8. Disconnect vapour balancing and liquid loading connection.

3.3 Managing Off-grade CO2

3.3.1 Managing Off-grade CO.from Emitters

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

Emitters will share the CO2 quality and metering data with Ervia control centre in Dublin. Emitters will 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
should immediately close the isolation valves at their facility if there is any deviation in quality of COx.

If the 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 emitter site so that Operator at emitter site can shut the pipeline operations. Provision is provided for CPF
Operator to initiate remote shutting of pipeline valves as follows:

e Close 2MOV-00001 at Dublin Waste to Energy (Covanta)

e Close 2MOV-00002 at ESB Dublin Bay Power Station (Synergen)

e Close 2MOV-00040 at Poolbeg Power Station

e Close 2XV-01003 A/B at CPF
The above action will contain the out of specification COz2 to the pipeline. The above measures will protect the
CPF from out of specification COs-.
The out of specification CO:z inthe pipeline can be depressurised using 2XV-01001.

Venting of out of specification CO2 will be at the emitter sites.

3.3.2 Managing Off-grade COzfrom Ship

The ships coming for loading operation should come with a quality certification which should be checked
before starting the loading operation.

3.4 Equipment Maintenance

Equipment should be isolated, depressurised to vent stack and purged with plant air sufficient number of
times before it is taken into maintenance. Ammonia content and oxygen content should be checked in the
equipment before man entry. e.g. Inlet Gas Filter (V-2101) should be isolated, depressurised to vent stack
using 2PSV-01001 bypass valve, purged sufficiently with utility air and only then vent to safe location should
be opened.
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Step by step procedure for equipment maintenance should be developed during detail engineering phase.

3.5 Pipeline Operation and Inspection

Temporary pig launcher is provided at ESB Dublin Power Station and temporary pig receiver is provided at
CPF. The gaseous CO: from emitters is clean and dry, therefore, pigging operation will be only required
during turnarounds ocurring once in 4 years (Reference #1). At the inception of the facility and during
pigging operation (once in 4 years) inspection of pipeline should also be conducted and recorded.

3.5.1 Motor Operated Valve Line-up for Routing to Liquefaction Facility

1. Open 2MOV-00032 which lines up Dublin Waste to Energy (Covanta), ESB Dublin Bay Power
Station (Synergen), Poolbeg Power Station to Liquefaction facility.

2. Open 2MOV-00040 to line-up Poolbeg Power Station.
Open 2MOV-00001 to line-up Dublin Waste to Energy (Covanta).
4. Open 2MOV-00002 to line-up ESB Dublin Bay Power Station (Synergen).

3.6 Instruments/Control System Maintenance

Instrumentation maintenance is critical to Ervia to achieve safe and reliable plant operation. Maintenance
plays a critical role as instrument reliability and performance is dependent upon lifecycle factors such as:

e Design, construction, and installation of instrumentation; and

e Instrumentation operation and maintenance.

Instrument maintenance will focus on safe and sustainable maintenance program, maintenance compliance
with local authorities, client practices, and inspection & maintenance planning for plant integrity and
downtimes.

Maintenance procedures shall be developed to provide clear and concise step by step instructions to
execute all requirements of each instrument as per vendor recommended practices.

A training and competency program shall be established to ensure that all personnel involved in
maintenance of ICSS, SIS, DCS and FGS and critical instrumentation are sufficiently trained and certified
to execute safety related tasks.

An up-to-date instrument database and 1/O list shall be maintained to plan, schedule, execute and improve
maintenance and inspection activities and establishing the framework for comprehensive maintenance.
Safety critical list of instrumentation register shall also be identified and maintained in the database.

Safety Requirement Specifications (SRS) shall be maintained. Testing requirements shall be maintained as
per Safety Requirement Specifications (SRS) to demonstrate the necessary risk reduction. Maintenance
override switches (MOSs) shall be used to override Safety Instrumented System (SIS) initiators to enable
maintenance for on-line functional testing.

The building fire system shall be maintained in compliance with local fire authorities’ requirements.

An instrument asset management system will be provided for determining maintenance intervals through
continual asset condition monitoring. The system will predict time—to—service, provide detailed diagnostics
with guidance of required service actions and include system supported planning and execution of service
tasks. An instrument asset management system is a vendor-independent application used for configuration,
parameterisation, commissioning, diagnostics, and maintenance of smart field devices (sensors and
actuators) and field components (1/0Os, multiplexers, control room devices, compact controllers).
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Computerised Maintenance Management System (CMMS) tool shall be configured for functional location
of instrument maintenance, scheduling of maintenance, control and analysing maintenance data and
optimisation.
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4 MAINTENANCE
4.1 Operator

In addition to the operational duties described above and, in the plant operating staff log, the Operator’s duties
shall also include the following:
e Maintain equipment maintenance logs;
e Collection of equipment operating data - pressure/temperatures/service hours/ vibration etc.; and
e Routine maintenance activities regarding plant equipment such as:
o Lubricant maintenance (lubricant change/replenishment)
o Repair of minor leaks
o Small pump repair/seal/coupling replacement
o Cleaning of strainers
o Changing of gaskets
o Minor valve maintenance/seal replacements

o General housekeeping.

4.2 Plant Engineer/Maintenance Engineer

In addition to the duties described in the plant operating log, the Plant Engineer/Maintenance Engineer shall
perform the following:

e Routine maintenance of instruments and electrical components, calibration etc.;

e Scheduling of contract maintenance for activities that plant personnel are not qualified or equipped to
perform; and

e Scheduling and planning for major maintenance during planned outages.

4.3 Plant Maintenance Categories

e Maintenance described here includes planned maintenance. Unplanned maintenance and forced
outages are outside the scope of this document. Unplanned maintenance and forced outages must
be dealt with in a case-by-case basis; and

e In general, planned maintenance will be scheduled in accordance with Original Equipment
Manufacturer (OEM) recommendations. These recommendations shall be transferred from the
supplier documentation to the Maintenance List. It shall be the responsibility of the Plant Engineer to
maintain and update the list with requirements as deemed appropriate by experience gained during
operation.
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