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Glossary 

 

Term Definition 

CCGT Combined Cycle Gas Turbine 

CCS Carbon Capture and Storage 

CPF Central Processing Facility 

DAS Distributed Acoustic Sensing 

DCS Distributed Control System 

EI Energy Institute 

EPC Engineering, Procurement & Construction 

ESD Emergency Shutdown 

FACP Fire Alarm Control Panel 

FEED Front End Engineering Design 

FGS Fire & Gas System 

HAZID Hazard Identification 

HAZOP Hazard & Operability Study 

HDPE High Density Polyethylene 

HVAC Heating, Venting and Circulation 

ICSS Integrated Control and Safety System 

IEC International Electrotechnical Commission  

LFL Lower Flammability Limit 

MCP Manual Call Point 

NFPA National Fire Protection Association 

OELV Occupational Exposure Limit Value 

P&ID Piping & Instrument Diagram 

PFD Process Flow Diagram 

QRA Quantitative Risk Analysis 

SCADA Supervisory Control and Data Acquisition 

SIF Safety Instrumented Function 

SIL Safety Integrity Level 

SIS Safety Instrumented System 

STEL Short Term Exposure Limit 

TWA Time Weighted Average 

UFL Upper Flammability Range 
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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 liquefaction, storage, and export of CO2 overseas via a new 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 CO2 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 

This document sets out the Process Safety Design Basis for the Ervia Dublin CCS project. 
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2 APPLICABLE REGULATIONS AND STANDARDS 

In the event of conflict or deviation from requirements stipulated in this design basis and other applicable 
documents, the following order of precedence shall govern: 

 European Regulations 

 Irish Regulations 

 European Standards 

 International Standards 

 Irish Standards 

 Ervia Standards 
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3 DESIGN PHILOSOPHY FOR PROCESS SAFETY 

Prevention of personal injury or loss of life and physical damage to property and the environment will be the 
primary considerations in the design and construction of the Ervia CCS facility.  

The primary philosophy for protection of people and equipment in this plant is the early detection of hazardous 
conditions and the subsequent shutdown of the plant, isolation of plant inventories and depressurisation of 
equipment as appropriate for the situation.   

Since anhydrous ammonia is handled in this facility, the Seveso III directive is applicable. In Ireland, the 
‘Chemicals Act (Control of Major accident hazards involving dangerous substances) Regulations 2015’ [Ref. 
1] implements the Seveso III directive and the facility will comply with this regulation. The facility will be 
classified either as “lower-tier establishment” or “upper-tier establishment” based on the quantity of anhydrous 
ammonia (facility is deemed lower-tier if the quantity is greater than 50 tonnes but less than 200 tonnes and is 
deemed as upper-tier if the quantity is greater than 200 tonnes). Based on preliminary calculation, this facility 
is classified as lower-tier establishment, to be confirmed in detailed design. 

3.1 Single Risk Philosophy 

As an industrial practice, the philosophy to be incorporated on this project is that only a single major incident 
will be considered to occur at any given time. Preventive measures such as plant layout (spacing) and 
mitigative measures such as rapid detection/alarm of accidental releases and fires, the use of Emergency 
Shutdown (ESD) and Safety Instrumented Systems (SIS) to reduce inventories / overpressures, and operating 
procedures will be used to ensure that this is a valid premise. 

3.2 Preventive and Mitigative Measures 

Emphasis will be placed upon prevention of accidental releases rather than mitigation measures. Preventive 
measures such as plant layout (spacing adhering to good industry practices and local regulations), 
maintenance procedures, standard operating procedures, highly trained operators ensure that the likelihood 
of any incident is low.  Regardless of the low probability of an incident, the facility will institute measures to 
ensure that if an incident ever occurs, there is equipment in place to rapidly detect the event, immediately 
notify plant personnel to allow rapid shutdown of processes and initiation of systems to isolate, de-pressurise 
and protect adjacent equipment. 

In the event of a leak of toxic and/or asphyxiating material, significant loss of containment or fire, it is assumed 
that as a minimum, the operators will take the following actions: 

 Immediate shutdown of the equipment/unit/facility based on the magnitude of the event 

 Isolation of affected equipment/unit 

 Depressurisation of the system that is the source of the leak 

For further details, refer Process Control and Safeguarding Philosophy [Ref. 2]. 

3.3 Hazardous Materials 

The following list of materials are handled in the facility: 

Ammonia – Ammonia vapours present a flammable hazard between 15% (LFL) and 33.6% (UFL), as per IEC 
60079-20-1. Since ammonia is lighter than air, the vapours disperse quickly to below LFL concentration. 
Ammonia is highly toxic with OELV (Occupational Exposure Limit Value) TWA of 20 ppm and OELV STEL of 
50 ppm.  
 
Carbon Dioxide – Liquid/vapor is non-flammable. CO2 is toxic with OELV TWA of 5000 ppm. 
 
Lube oils for rotating machines e.g., compressors. Combustible fluid with flash point > 60°C. No special 
measures are required. 
 

Diesel – is a combustible fluid with a flashpoint > 55°C. No special measures are required. 
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Nitrogen – is non-flammable. It is an asphyxiating agent which disperses quickly in open areas. No special 
measures are required. 
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4 FIRE & GAS SYSTEM PHILOSOPHY 

The Fire & Gas System (FGS) is an integral part of the Integrated Control and Safety System (ICSS), for details 
refer Communications and Control Philosophy [Ref. 5]. All fire and gas system area detectors shall be 
hardwired to the FGS. The FGS is required for early detection and notification of toxic gas release, fires and 
to initiate alarms in the control room and in the field. 

FGS is not anticipated to initiate any shutdown action or ESD function. Based on detection, FGS shall generate 
alarm for operator’s action. Upon receipt of alarm, operator shall evaluate the magnitude of the incident based 
on available information and subsequently may decide to isolate and depressurize the affected system. In 
buildings, automatic action on HVAC system upon gas detection will be configured, refer Section 4.2 for details. 

4.1 Fire & Gas devices  

The FGS will consist of the following devices: 

 Toxic gas detectors 

 Manual Call Point (MCP) 

 Audible and Visual notification appliances 

Since there are no flammable materials handled in the facility, fire detectors are not foreseen. 

The placement guidelines for the FGS devices is provided in Section 5.3 of this document. FGS devices should 
be located to facilitate routine calibration and maintenance. 

4.1.1 Toxic Gas Detection Devices 

Toxic gas detectors shall be provided in areas of the facility where ammonia may be released to provide early 
warning (alarm) of a potentially hazardous condition. The alarms are intended to alert personnel in time to 
evacuate the affected area, alert other personnel not to enter the area without proper personal protective gear 
and allow operators to shut down and vent the affected process.  

 A High level alarm shall be generated at a concentration of 20 ppm (TWA) in the Control room. 

 A High-High level alarm shall be generated at a concentration of 50 ppm (STEL) in the Control room 
and in the field. 

Generally, Carbon Dioxide fixed detectors are not employed in open areas as it has a high TWA (5000 ppm), 
and operators rely on personal gas detectors for alarm. Nevertheless, low oxygen detectors will be provided 
around equipment handling carbon dioxide and they will generate an alarm in the control room as well as field 
simultaneously at oxygen concentration of 19.5% to alert the operator. 

Operators shall carry portable multi-gas detectors at all times within the facility. These shall be capable of 
detecting ammonia, carbon dioxide and low oxygen.  

4.1.2 Manual Call Point  

Manual Call Point stations will be strategically located throughout the facility. 

MCPs will be located as below: 

 At exit points from plant structures, generally on each working floor level and at grade 

 Within plant areas at grade, such that maximum horizontal travel distance to a MCP does not exceed 
50 meters  

 Within CO2 storage area and along plant perimeter roads such that maximum horizontal travel distance 
to a MCP does not exceed 90 meters. This does not apply to connecting roads that do not have 
adjacent plant or storage areas 

All Manual Call Point stations shall be double action type, push button with lift flap. 
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4.1.3 Audible and Visual Notification Appliances 

Audible (Horns) and Visual Notification (Beacons) appliances shall be located throughout the facility.  

Detection of High-High level toxic gas or activation of Manual call point shall raise an alarm in the field via 
audible and visual notification appliances to alert personnel at early stages of an incident. 

Fire and Gas beacons shall be combined into the same casing in combinations as required. Beacons shall be 
of sufficient intensity to provide clear contrast and visibility in full daylight.  

Output signals to audible and visual alarms shall be designed as energise to activate and shall be continuously 
monitored. Alarms shall be generated upon detection of any circuit fault conditions. 

Visual notification appliances shall be in the form of beacons having the following proposed colour 
designations: 

 Fire – Red 

 Toxic Gas – Amber 

4.2 Fire and Gas System for Buildings  

The Fire and Gas System inside the buildings (Central Control room building, electrical substation / switchgear 
room and Jetty Control room) including fire alarm control panel, smoke detectors (locations to include MCC, 
substation / switchgear room, rack room, welfare facilities and remote pipeline installations), manual call points, 
audible and visual notification appliances and detectors for HVAC system, as a minimum, shall be designed, 
supplied, and installed by building subcontractor.  

Ammonia and Carbon Dioxide detectors shall be provided for HVAC air inlets to all occupied buildings. These 
detectors shall be connected to the building fire alarm control panel to shut dampers and shut down the HVAC 
system.  

Common fault shall be sent to the control room for notification of operators and callout to first responders. For 
buildings, all devices will be addressable, with all FACP wiring in compliance with NFPA 72 or European 
equivalent. 

4.3 Placement Guideline 

Detectors shall be placed based on the below guideline and will be shown in Fire & Gas layout during FEED 
stage of the project.  

Table 4-1 Fire & Gas Devices Placement Criteria 

Device Placement Height Remarks 

Toxic Gas Detector 
(Point) 

Lighter than air Equal to air Heavier than air 

Near pump/compressor seals, group of 
flanges, valves 

0.5 m to 1 m 
above point the  

of release 

0.5 m to 0.6 m 
distance around 
point of release 

0.5 m to 0.6 m 
above grade 

Manual Call Point 1.0 m – 1.2 m  

Audible notification 
appliances 

at a height of 2.5 m 

15 decibels above the average ambient 
sound level or 5 decibels above the 

maximum sound level having a duration 
of at least 60 seconds, whichever is 

greater 

Visual notification 
appliances 

at a height of 2.5 m Visibility from at least two sides. 

Fire Alarm Control 
Panel 

0.6 m to 1.8 m from the floor   
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4.4 Pipeline Leak Detection System 

Any leak in the carbon dioxide pipelines and remote valve installation will be detected by Distributed Acoustic 
Sensing (DAS) and / or flow mass-volume balance methods and pressure analysis with SCADA. This leak 
detection system shall be connected to DCS and will generate alarm for operator’s action. Refer 
Communications and Control Philosophy [Ref. 5] for further details. 
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5 FIRE PROTECTION 

5.1 Active Fire Protection - Firewater system 

A fire water system, designed to address the worst-case single fire incident, shall be provided for the Ervia 
CCS Dublin facility. Since, there are no highly flammable materials handled in the facility it is considered that 
240 m3/h firewater flow (4 hydrant hose connections of 2-1/2”) will be sufficient. It is proposed to have an on-
site storage enough to supply 2 hours of firewater. 

The firewater system consists of the equipment necessary to store, pump, and distribute firewater to the facility. 
The firewater ring main provides firewater under pressure to all the hydrants provided in the facility. 

The Firewater Pumps (Main and Jockey) take suction from Firewater Storage Tank (T-1801) and supply to the 
firewater ring main. Town water is used as makeup to the firewater storage tank for normal consumption and 
refilling after a fire incident. The net working volume of the tank will be 480 m3. The tank will be designed to 
meet the requirements of NFPA 22 or European equivalent. 

During normal operation, one of the 2x100% Jockey firewater pumps (P-1801A/B) maintains the minimum 
required pressure in the firewater ring main. The duty jockey pumps works in on / off mode. The Jockey pumps 
will be sized to make up for any leakage in the system, as a general rule it is considered 1% of the system 
design flow rate, i.e. 2.4 m3/hr.  

Firewater Pumps have been provided in 2x100% configuration to meet the worst-case firewater demand, one 
diesel engine firewater pump (X-1801) and one electric motor driven firewater pump (P-1802). The electric 
pump will be started automatically if there is a sudden drop in ring main pressure. The pumps will have rated 
capacity of 240 m3/hr. The pumps shall meet the requirements of NFPA 20 or European equivalent. The diesel 
driven pump will have its own double-walled diesel tank, sized in accordance with NFPA 20 or European 
equivalent. 

The firewater ring main is an underground HDPE piping network that loops around the facility to ensure 
firewater supply is available in all parts, such that the risk of damage to piping is minimised. This pattern allows 
the network to be sectionalised by isolation valves so that any section can be taken out of service and the grid 
can still supply firewater through adjacent sections to protect plant areas. Appropriately sized take offs  will be 
strategically located on the firewater mains to provide supply to the end users including hydrants, building 
sprinkler and standpipe systems. Isolation valves will be post indicating type and provided as needed such 
that no more than six (6) users need to be taken out of service at a time. 

The distribution system shall be designed for a maximum allowable velocity of 3 m/s, in accordance with 
manufacturer guidelines. Pipe sizes shall be calculated under flowing conditions, firewater shall be available 
at 7 barg at the hydraulically most remote user. These requirements shall apply even if one supply branch of 
the firewater ringmain is blocked. Sizing of firewater ringmain shall be confirmed based on a preliminary 
calculation in the FEED phase. A detailed hydraulic and surge analysis of the firewater network shall be 
performed during EPC phase by the EPC contractor. 

Hydrants will be located throughout the facility to provide sufficient connections for firefighting during 
emergency conditions in compliance with NFPA 24 or European equivalent. Fire water hydrants shall be 
located approximately every 45 m around the process area and approximately every 90 m around storage 
areas and utilities area. Hydrants shall be located at least 15m from the equipment they are intended to protect. 
Hose box shall be provided with every alternate hydrant. 

Hydrants shall have a design pressure equal to, or in excess of, the design pressure of the firewater main. Fire 
hydrants will be underground type and shall comply with the requirements of Irish Water Infrastructure 
Standard Details ‘STD-W-19’. 

Firewater header will be extended to cover the Jetty platform as well. Adequate hydrants will be provided 
based on the spacing requirement at the Jetty platform along with International Shore connection as required 
by the International Safety of Life at Sea Convention, as per NFPA 307 or European equivalent. 

5.2 Building Clean Agent Extinguishing System 

Certain compartments in the Central Control Room building (including MCC and I/O Room) and Electrical Sub-
Station / Switchgear Room that have electrical hazards shall be protected with clean agent fire suppression 
system as per NFPA 2001 or European equivalent requirements, along with adequate Fire detection. These 
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systems will be provided by the respective vendor in compliance with NFPA 2001 or European equivalent 
requirements. 

5.3 Passive Fire Protection (Fireproofing) 

Fireproofing refers to the systematic process (including materials and the application of materials) that provides 
a degree of fire resistance for protected support structures. Generally, fireproofing is employed where there is 
a risk of pool fire. The principal value of fireproofing is realised during the early stages of a fire ensuring enough 
time is available for efforts like shutting down units, isolating fuel flow to the fire, and setting up cooling water 
streams.  

Fireproofing is not envisaged for the facility as the probability of sustained long duration pool fire is very low.  

5.4 Spill Containment 

Kerbing will be provided in areas handling liquid ammonia to contain any accidental leaks from process 
equipment and unloading area. Preliminary consequence modelling revealed that only minor quantities of 
released liquid ammonia reaches grade and the majority of ammonia either vaporizes upon release or is 
released as aerosol/mist.  

No kerbing is required in case of spills of liquid carbon dioxide, as the preliminary consequence modelling 
revealed that almost no liquid reaches grade upon a leak. 

Moreover, bunded areas are to be avoided in CCS installations as per EI “Good plant design and operation 
for onshore carbon capture installations and onshore pipelines”. 

Kerbs will be provided at Diesel filling connection areas to contain any accidental spills.  

Minor spills during normal operation of compressor (lube oil), fire water pump (diesel from engine), emergency 
generators (diesel) will be contained in respective skid baseplate which is provided by equipment vendor as 
part of the standard design. 

5.5 Hazardous Area Classification 

Area classification for the facility shall be as per the requirements of IEC 60079-10-1. Ammonia is the only 
material handled in this facility that presents flammability hazard and calls for hazardous area classification. 

A release of ammonia (LFL of 15% by volume), will often dissipate rapidly in the open air (outdoor) locations, 
so the explosive gas atmosphere is considered to be of negligible extent. Hence, it is advised to classify only 
the equipment handling ammonia for Gas group IIA and Temperature Class T1.  
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6 SAFETY REVIEWS 

6.1 HAZID / HAZOP / SIL assessment 

The objective of Hazard Identification (HAZID) is to assess the planned mitigation measures/safeguards and 
determine if any additional safeguards or facility concept re-design needs to be considered. These measures 
can significantly impact the cost of the facility and should be identified early in the design. A HAZID was 
conducted during pre-FEED stage utilizing Process Flow Diagrams (PFD), Plot plan and other available 
documents. 

Hazard and Operability (HAZOP) study consist of a line-by-line review of P&IDs to identify potential hazards 
associated with the process design, and to recommend adequate risk mitigations for safe operation. The 
HAZOP study utilizes P&ID’s, Site/Plot plans, and related information (process data, control narratives, etc). 
A preliminary HAZOP was conducted during the pre-FEED stage. 

Safety Integrity Level (SIL) assessment reviews of PFDs, P&IDs and C&E diagrams, shall be performed during 
FEED stage as per IEC 61508, IEC 61511 methodology to define the SIL rating to each SIF. 

6.2 Quantitative Risk Assessment Study 

A QRA Study shall be performed during the FEED phase by third-party subcontractor. The study will model 
consequences of potential major releases to ensure that the risk to plant personnel and the public is within the 
acceptable limits. 
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7 PERSONNEL SAFETY 

7.1 Safety Shower/Eye Wash 

Safety showers and eye wash stations will be installed where there is a risk of exposure to harmful materials 
such as liquid ammonia and liquid CO2. This would include areas where there is significant risk of exposure 
such as unloading areas, near rotating equipment which require frequent maintenance. Eyewash should also 
be provided close to UPSs (within Central Control Room building and kiosks at pipeline installations) where 
there is a risk of acid spillage. These would be installed within a travel distance of no more than 15m from the 
hazard and meet the design requirements of ANSI Z358.1 or European equivalent. The system will be 
designed with adequate provisions to ensure that the water temperature remains within the tepid range of 16°C 
to 36°C and the water is of potable quality. 

7.2 Windsocks 

Windsocks will be provided at higher elevations (top of equipment, structure, piperack) throughout the facility. 
It will be ensured that at least one windsock is visible from any area/working platform of the facility. It will act 
as an aid for the personnel to escape in the upwind/crosswind direction. 

7.3 Breathing Apparatus and Full faced respirators 

Sufficient quantity of breathing apparatus (self-contained) will be provided in the facility at a strategic location, 
to be used in emergencies. Full faced respirators with ammonia filters will be provided for personnel working 
with equipment handling ammonia. 

7.4 Extinguishers 

Dry powder portable extinguisher, BC type, will be provided throughout the facility at a travel distance of no 
more than 15 meters from areas where fires may occur such as Diesel handling equipment, rotating equipment 
and transformers. Extinguishers should be of minimum 9 kg capacity. Within buildings, dry powder portable 
extinguisher, ABC type of minimum 9 kg capacity shall be provided, and CO2 extinguishers of minimum 4.5 kg 
capacity shall be provided within building areas with electrical hazard. 

7.5 Life Preservers 

Life preservers with water activated light and whistle will be provided for personnel working on Jetty. 

 


