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Holds

HOLDS Description Responsibility

N/A
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Glossary
Term Definition
CCs Carbon Capture and Storage
CPF Central Processing Facility
CCGT Combined Cycle Gas Turbine
LPG Liquified Petroleum Gas
MMT/yr Million Metric Ton per year
nm Nautical Mile. Unit of measurement for distance travelled at sea. 1nm = 1.1508 miles. (A

distance of 1nm is equivalent to one minute of latitude).

Ship Beam The beam of a ship is its width at its widest point.
Ship Draught The minimum depth of water that a boat / ship requires to avoid touching the sea bed.
Parcel Size A parcel is an individual consignment of cargo for shipment. (For the Ervia Pre-FEED

Study, a fully loaded liquid CO2 vessel represents one parcel).
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1 INTRODUCTION
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 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 CO: 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).

Export of COz2 in liquid form will be to the Northern Lights Project in Norway. This is intended to be via specialist
ships and early development work was required to examine marine aspects of the Project. RPS appointed
HR Wallingford to assist with parts of the marine scope which has included carrying out a Marine Operations
Study and Ship Technology Survey for the Project.

1.2 Scope

This study considers operations from the loading of vessels from the storage tanks at the source terminal in
Dublin to the transfer of product to the storage tanks at the sink terminal(s), including the transits between
them. It determines a suitable envelope and frequencies for CO2 import and export shipping operations.

It should be noted that a separate source terminal is also envisaged at Cork. Where relevant, details for the
Cork source terminal are included in this study report.

Other marine users, port entry and exit times, adverse metocean conditions, etc. have also been taken into
account. These could influence the selected ship capacity and onshore CO:2 storage requirements. This study
should be read in conjunction with the Ship Technology Survey Study (Reference 1).
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2 MARINE OPERATING CYCLE

The operating cycle for the transportation of liquid CO:2 by ship from the source terminal at Cork to the storage
tanks at the sink terminal(s) can be divided into four phases as shown in Figure 2-1.

Source terminal

Arrival and mooring
Preparations for cargo transfer
Cargo transfer

Preparations for departure

Departure
Transit from sink Transit from source
terminal to source terminal to sink
terminal terminal
Sink terminal

¢ Arrival and mooring
Preparations for cargo transfer
Cargo transfer

Preparations for departure
Departure

Figure 2-1 Marine Operating Cycle

The anticipated throughput from the source terminal is shown in Table 2-1. While the source terminal location
at Dublin is known, at this stage of the project, the sink terminal(s) have not been confirmed.

It is noted that in the early stages of the project the throughput is likely to be significantly less than
1.75MMtCO2/yr. 1.75MMtCO./yr is considered as a maximum export throughput. In this context it is important
to consider the likely timescales for this project and the impact of the transition away from high CO: producing
technologies, which may reduce throughput over time.

Table 2-1 Product throughput

Source Import Export
(MMtCOy/yr) (MMtCO2lyr)
Dublin 0.0 1.75

Reference:2

Product for export was assumed to be produced at a steady rate throughout the year with the plant operating
for 350 days per calendar year.
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2.1 CO2 Conditions for Transit

It was assumed that the liquid CO2 could be delivered to any number of sink terminals, including a single sink
terminal within Northern Europe. This study only considered delivery of liquid CO:2 to onshore temporary
storage and was limited to existing ports. For the purposes of this study a sink terminal is assumed to be
available at the Northern Lights project in Norway, however, a number of other options are expected to be
available in the early stages of the project.

Again, for the purposes of this study, the import of liquid CO2 at Cork was considered only in terms of the berth
requirements with operations considered similar to those for export in terms of parcel sizes and activity
durations. Storage requirements for imported liquid CO2 were considered independent of that for export
product and were not considered in this study.

Successful delivery of liquid COz2 to a sink terminal requires that the vessel is compatible with the berth facilities
and that the product is delivered in a state compatible with the storage and processing facilities at that terminal.
Therefore, it is important to consider the likely sink terminal options and how compatibility with these terminals
might influence operations for this project. The most well-developed project offering a potential sink terminal
is the Northern Lights project in Norway. Pertinent details about the Northern Lights project are provided in
Table 2-2.

Table 2-2 Pertinent details of the Northern Lights project

Vessel length 130m
Vessel beam 21.2m
Vessel draught (maximum) 8.5m
Vessel speed 14kts
Vessel parcel size 7,500m3
Vessel number of tanks 2
Cargo discharge rate 800t/hr
CO:2 pressure 19barg
CO: temperature -35°C
CO2 density ~1,100kg/m3
Jetty maximum vessel length 130m
Jetty water depth 10.5m
Number of berths for Phase 1 1
Onshore temporary storage for Phase 1 8,250m?

Source: Reference 3

It is understood that medium pressure conditions are the preferred choice for storage of liquid CO2 for marine
transport for projects of the scale considered here from a processing viewpoint. This dictates the type of
storage tanks required and therefore the likely vessels.

High pressure conditions are not considered feasible at the required scale and the cost associated with the
temperatures required for low pressure conditions can only be offset if the benefits of low pressure conditions
are realised. That s, low pressure conditions offer the potential to ship much larger parcel sizes, but this would
only be beneficial with much higher throughput and/or shipping over much greater transit distances. It was
noted that a number of the larger companies in the shipping and shipbuilding industries have indicated an
intention to develop designs for large (in the context of LPG shipping) vessels carrying CO2 under low pressure
conditions. However, this is, as yet, unproven and developing technology, so the adoption of this strategy for
this project would carry considerable risk.
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A number of other projects within Northern Europe are at the earlier stages of development and therefore
details of their intended operations are less readily available. However, it is considered likely that these
projects will adopt similar operating philosophies to the Northern Lights project, in terms of the CO2 conditions
for transit and therefore the vessels likely to be used. Consequently, the baseline assumptions for this study
are those detailed in Table 2-2..
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3 OPERATING PHASES
3.1 Berthing Time

It is understood that a dedicated berth will be available at Poolbeg, Dublin. The maximum throughput is
1.75MMtCO2/yr. Using the baseline 7,500m? vessel, this corresponds to an average of 212 vessels per year
or a vessel every 1.65 days. Itis assumed that each vessel would require 2 hours prior to bulk cargo transfer
to secure the vessel alongside and complete any preparations for cargo transfer. Note that it was assumed
that the vessels will be dedicated to CO2 carriage and therefore will arrive ready to receive / load cargo. It was
also assumed that each vessel would require 2 hours after bulk cargo transfer to complete any preparations
for departure and to leave the berth. For the baseline vessel, the average total bulk cargo transfer rate is
800t/hr and this corresponds to a bulk cargo transfer time of 10.3 hours. Therefore, the total time on berth for
the average baseline vessel is 14.3 hours.

Figure 3-1 shows the berth occupancy requirements for a range of throughput levels, two vessel sizes and
four total bulk cargo transfer rates. Figure 3-1 shows the impact of using a vessel with double the capacity,
15,000m?, based on four tanks with a pro-rated maximum cargo transfer rate of 1,600t/hr in total. Lower cargo
transfer rates are shown for reference.

120

100

(0]
o

Single berth - single source

D
o

I
o

Berth occupancy (%)

N
o

0 0.25 0.5 0.75 1 1.25 1.5 1.75
Throughput (MMtCO,/yr)

7.5k vessel - 400t/hr 7.5k vessel - 800t/hr 7.5k vessel - 1200t/hr 7.5k vessel - 1600t/hr
= = =15k vessel - 400t/hr = = =15k vessel - 800t/hr 15k vessel - 1200t/hr 15k vessel - 1600t/hr

Figure 3-1 Berth occupancy at source terminals

The maximum recommended berth occupancy for a single source berth is around 65%. Figure 3-1 shows that
a single berth will provide sufficient capacity at the expected throughput levels even if the bulk cargo transfer
rate is limited to a total of 400t/hr.

It is expected that a pilot would be required for manoeuvres within the port limits and that some limited tug
assistance may be required in some weather conditions. Both aspects introduce the potential for delays,
however, these delays are likely to be of short duration and are likely to be avoidable through scheduling and
operational planning.
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It was noted that pilotage requirements are port specific, and it is expected that after an appropriate number
of qualifying trips and associated checks, pilotage exemption may be granted for the masters of such vessels.

3.2 New Jetty at Poolbeg, Dublin

It is understood that the project intends to use Berth 48 at Dublin Port, which is located towards the entrance
to the port near to the ferry terminals, see Figure 3-2 . The berth is designed for large vessels, in the context
of LPG carriers, and has a berth pocket with a design depth of 11.0m and a width of 30m. Consequently, it is
expected that there will be no constraints on vessel size at Dublin. However, a new container terminal has
been proposed in the location of Berth 48 (Reference 4). It is assumed that Berth 48 would be relocated to the
east of the development site to provide an alternative. Confirmation is required from the Port of Dublin with
regard to plans for relocating Berth 48, to ensure a suitable berth is available for the export of CO..

Port Entrance
and
Breakwaters

Ferry Berths

Berth 48

Figure 3-2 Satellite image showing Dublin Port

Source: Google Earth
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Figure 3-3 New container terminal at the Port of Dublin, 3FM Project.

Source: Reference 4

There are a number of berths at Dublin Port, including the ferry berths, and therefore a significant number of
vessel movements would be expected. However, the position of Berth 48 (or a new berth further to the east)
towards the entrance to the port, and the short approach from the breakwater entrance, indicates that any
delays due to traffic are likely to be of relatively short duration and therefore not likely to be operationally
significant. Should the berth be relocated further east, due to the positioning of the new container terminal, it
is expected that traffic delays would not significantly increase.

The port is protected by breakwaters, which provide shelter from the wave conditions and therefore no
downtime due to wave action is expected. The area is exposed to wind with the most common winds blowing
from the southwest. Historical wind data is available for Dublin Airport, which is 11km to the north-northwest,
and for Casement Aerodrome, which is 17km to west-southwest. Both data sets cover the period from January
1991 to the end of August 2021. The exceedance of a range of wind speed thresholds is shown in Figure 3-4.
It is likely that the wind speeds may be higher on the coast, but nevertheless both data sets show a similar
exceedance profile with the exceedance of 25 knots being less than 2% at both locations. The exceedance is
below average during the months of April to October inclusive and reaches a peak in January of 5.1% at
Casement Aerodrome. Once safely moored on the berth a higher threshold of 30 knots may well be applicable,
for which the exceedance is less than 0.5% for both locations. Note also that strong winds blowing beam on
to the moored vessel (from the north or south) are rare.
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Figure 3-4 Wind speed exceedance for Dublin

Source: Met Eireann

Historical visibility data is also available from both data sets. This data shows that the visibility is below 1nm
for less than 2% of the time and this average is representative of the conditions throughout the year.

The combination of any delays caused by strong winds or poor visibility is unlikely to have a significant impact
on operations at Dublin. Itis expected that delays caused by poor visibility will be of short duration and periods
of strong winds will be forecast and therefore it will be possible to mitigate the impact with appropriate
scheduling and operational flexibility.

3.3 Transits

The transits between a source terminal and a sink terminal are expected to be carried out at a steady speed
without any particular operational restrictions. The speed achieved is dependent upon the characteristics of
the particular vessel and, to a limited extent, the loading condition of the vessel. The most likely sources of
disruption to the transits are the weather conditions, which may restrict the achieved speed or alter the routing.
The baseline vessel is expected to achieve a speed of 14 knots, and this is commensurate with the
performance of similar sized vessels in the world fleet. Given current design and operational trends, it is
expected that the vessels for this project would be able to achieve a similar speed.

In order to allow for any delays that may occur during the transit and to provide a buffer for any other delays
incurred at the terminals, it is assumed that an average transit speed of 13 knots will be achieved.

The Northern Lights project sink terminal is at Kollsnes on the Norwegian coast near Bergen. The approximate
distance to Kollsnes from Dublin is 750nm. Given that the location of the sink terminal(s) is unknown a range
of transit distances from 125nm up to 1,000nm has been considered. At 13 knots the one-way transit time
ranges from just under 10 hours for a distance of 125nm to just over 3 days for a distance of 1,000nm.
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3.4 Sink Terminals

At the sink terminals it is assumed that there will be no access restrictions (for example, tidal windows) and
that the berths will not be subject to significant weather downtime. Reference 3 indicates that these
assumptions are appropriate for the Northern Lights project terminal. Sufficient storage capacity is assumed
available to complete cargo transfer without delay. Therefore, operations at the sink terminal(s), in terms of
activity durations, are expected to be broadly similar to those at the source terminals.

It is possible that the entire export throughput could be delivered to a single sink terminal dictating that the sink
terminal would need to be able to handle up to 3MMtCO:/yr from this project alone (for this project a separate
source terminal handling up to 1.25MMtCO2/yr is also envisaged at Cork). Using the baseline vessel of
7,500m3, this corresponds to 364 vessels per year arriving an average frequency of one vessel per day.

In this project there are two source terminals and therefore it is a realistic scenario to consider that a vessel
from Cork and a vessel from Dublin arrive at the sink terminal at the same time. This scenario would require
two berths to be available or, if only one berth was available, then one of the vessels would be delayed by a
minimum of the time on berth for the other vessel. This would represent a significant bottleneck in the
operational process for the project, which would need to be accounted for in the storage capacity available at
the source terminals. For the Northern Lights project, Reference 3 refers to Phase 1 comprising a single berth
and future expansion phases including the potential for a second berth.

Using the baseline assumptions, a similar calculation to that presented in Figure 3-1 has been made and is
shown in Figure 3-5. In this case, a berth occupancy limit of 50% is applied as there are vessels from multiple
sources servicing the facility. Figure 3-5 shows that a single berth would not offer sufficient capacity to handle
3MMtCO2/yr for vessels of 7,500m? and an offloading rate of 800t/hr. A single berth would offer sufficient
capacity if it could be operated as a single source facility. This would still require significant operational
planning, co-ordination and flexibility to avoid significant delays and would, in effect, require a dedicated berth
for this project at a sink terminal handling in excess of 2.4MMtCO2/yr from this project. Clearly a larger vessel,
with pro-rated cargo transfer rate, would mean that a single berth would offer sufficient capacity.
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Figure 3-5 Berth occupancy at sink terminal

In phases of the project where the export throughput is lower and/or a number of sink terminals are in use,
then it is not expected that berth capacity at the sink terminals would represent a significant bottleneck for the
project. However, the uncertainty over the agreements with the sink terminals at this stage of the project and
the potential for third party operators to cause delays mean that it would be prudent to make an allowance for
this in the storage capacity at the source terminals.

The preceding discussion has shown that the most significant bottleneck for the marine operations is likely to
be at a heavily utilised sink terminal during phases of the project where throughput is near to maximum.
Otherwise, the delays incurred during normal operations are likely to be of short duration and there should be
sufficient capability to recover these delays during the transits.

3.5 Number of Vessels

To complete the operations described will require a fleet of vessels. The number of vessels required is a
function of the throughput, the parcel size and the number of trips each vessel can complete. Figure 3-6 and
Figure 3-7 show the throughput for a single vessel as a function of the transit distance, between 125nm and
1,000nm one-way, and vessel size, either 7,500m?3 or 15,000m2. In addition, Figure 3-6 shows the sensitivity
to cargo transfer rate and Figure 3-7 shows the sensitivity to average transit speed. A vessel is assumed in
operation for 350 days per year.
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Figure 3-6 Annual throughput capacity for a single vessel as a function of transit distance, parcel size and cargo
transfer rate
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Figure 3-7 Annual throughput capacity for a single vessel as a function of transit distance, parcel size and
average transit speed
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If the Northern Lights project was to be used as the sink terminal, then a single 7,500m? vessel servicing Dublin
with a cargo transfer rate of 800t/hr would be able to deliver just over 0.5MMtCO2/yr. Therefore at the
maximum export throughput of 1.75MMtCO:/yr a fleet of 4 vessels, with some spare capacity, would be
required. (A similar vessel servicing Cork would be able to carry just under 0.4MMtCO2/yr and therefore at the
maximum throughput of 1.25MMtCO./yr, a fleet of 4 vessels would be required), although a fifth vessel may
be required in both cases depending on the actual CO2 production rate.

It is evident from Figure 3-6 and Figure 3-7 that the impact of variations in cargo transfer rate and average
transit speed is not particularly significant at the higher end of the transit distance range. At lower transit
distances the time on berth becomes relatively more significant and therefore variations in cargo transfer rate
have a greater impact. The variation in single vessel throughput with average transit speed is not significant
as the actual variations in transit speed are not all that significant themselves.

Table 3-1 and Table 3-2 provide a number of example fleet sizes for a range of throughput and transit distance.
Both fleet size calculations use an average transit speed of 13 knots and the baseline assumption regarding
cargo transfer rate (800t/hr for a 7,500m? parcel size and 1,600t/hr for a 15,000m? parcel size).

Table 3-1 Fleet size estimates using a 7,500m3 parcel size

) ) Low distance Medium distance High distance
Sink terminal
Liverpool Bay NE Scotland Northern Lights
Cork 250nm 700nm 900nm
Throughput per vessel
(MMLCO2/yr) 1.03 0.51 0.41
(-,(/Ihl\r/ﬁg%hj;:) Fleet size - Cork
0.5 1 1 2
0.75 1 2 2
1.0 1 2 3
1.25 2 3 4
Dublin 125nm 550nm 750nm
Throughput per vessel
(MM(CO2/y1) 1.44 0.61 0.48
(th\r/lc;égcg];;:) Fleet size - Dublin
0.5 1 1 2
1.0 1 2 3
15 2 3 4
1.75 2 3 4
Combined throughput
[Cork + Dublin = Total] Combined fleet size
(MMLtCO2lyr)
05+05=1.0 1 2 3
1.0+1.0=2.0 2 4 5
1.25+1.75=3.0 3 6 7
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Table 3-2 Fleet size estimates using a 15,000m?3 parcel size

. . Low distance Medium distance High distance
Sink terminal . .
Liverpool Bay NE Scotland Northern Lights
Cork 250nm 700nm 900nm
Throughput per vessel
(MMICOa/yn) 2.06 1.01 0.83
(Iﬂhl\r/lc;ggg;/);:) Fleet size - Cork
0.5 1 1 1
0.75 1 1 1
1.0 1 1 2
1.25 1 2 2
Dublin 125nm 550nm 750nm
Throughput per vessel
(MMLCO3/yr) 2.89 1.23 0.96
(Iﬂh,\;?gggj;:) Fleet size - Dublin
0.5 1 1 1
1.0 1 1 2
15 1 2 2
1.75 1 2 2
Combined throughput
[Cork + Dublin = Total] Combined fleet size
(MMLCO2lyr)
05+05=1.0 1 1 2
1.0+1.0=20 1 2 3
1.25+1.75=3.0 2 3 4
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4 CONCLUSIONS & RECOMMENDATIONS

The information presented in this assessment of the marine operations required for the project suggests that
there are no significant constraints presented by the chosen source terminal at Poolbeg, Dublin other than
possible conflicts with other development plans in the Port of Dublin. Any delays incurred during these
operations are likely to be of short duration and therefore it should be feasible to manage their impact through
operational planning and flexibility, metocean forecasting and a suitable storage buffer. However, at this stage
of project definition, there is some uncertainty over the unloading sites, referred to as sink terminal(s), to be
used and the operations at these terminals represent the most likely source of disruption to the marine
operations. Furthermore, the location of these sink terminals dictates the throughput capacity of each vessel
and therefore the size of the overall fleet required for the project.

Given the developing nature of the technology necessary for marine transport of liquid COz2, it is recommended
that a flexible approach based on proven technology is adopted where possible. To that end, it is suggested
that initial operations with relatively low export throughput are planned to commence with vessels similar to
that being built for the Northern Lights project. That is, with a capacity of 7,500m3 and a cargo transfer rate of
800t/hr for liquid CO2 under medium pressure conditions. To minimise costs, it is recommended that sink
terminals with short transit distances from Dublin are sought. Additional vessel capacity is likely to be required
as export throughput increases and should be planned for on the basis of using similar vessels.

If, at the time the investment decision needs to be made to acquire additional vessel capacity, a larger capacity
vessel is available (with the same CO: storage conditions) then this should undergo an economic evaluation
based upon the sink terminals available, considering both compatibility and transit distance. It is expected that
the capacity of a larger vessel with the same CO: storage conditions will not exceed 20,000m?, however, a
capacity of 15,000m?3 is considered more realistic.

To facilitate the use of a larger capacity vessel, it is recommended that the marine facilities at Dublin are
developed with this in mind. This means either providing facilities based upon the requirements for both the
initial 7,500m? vessels and potential larger vessels from the outset, or ensuring that the ability to handle larger
vessels is provided for as part of a development strategy. This should include designing the berths for the full
range of vessels, providing adequate cargo transfer capacity and ensuring that sufficient storage capacity is
available.

The sizing of the storage tanks (for export product only) at the source terminal is dependent upon the capacity
of the vessels in service and the size of the storage buffer required. Given that no significant sources of delays
at the source terminal have been identified, a storage buffer equivalent to 1.5 days of production is suggested.
The resulting storage volumes are shown in Table 4-1 assuming a 7,500m? vessel and are also given as a
percentage of vessel size. If an additional buffer to account for severe weather delays on the transits is
required, then a storage buffer of up to 3 days of production is suggested, as shown in Table 4-1.

Table 4-1 Storage tank capacity requirements for a 7,500m3 vessel

Storage buffer (days)

e a8 [ 30
throughput L . el
Total storage capacity

. Toalstoragecapacity |
0.5 126

9,450 11,400 152
1.0 11,400 152 15,300 204
1.25 12,350 165 17,250 230
1.75 14,350 191 21,150 282
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Table 4-2 shows the storage requirements for a 15,000m? vessel calculated on the same basis. In addition,
the equivalent storage buffer in production days for a 7,500m? vessel with the larger storage tanks (sized for
a 15,000m? vessel) is also shown.

It is recommended that a storage buffer equivalent to 3 days of production is provided for the initial stages of
operation which will provide a high level of operational flexibility to ensure that operations can proceed
smoothly. Furthermore, it is recommended that the storage buffer is maintained at 3 days of production, based
on the largest vessel in service, throughout the life of the project and therefore sufficient expansion capacity
to account for the maximum throughput and larger vessels should be included in the development strategy.

Table 4-2 Storage capacity requirements for a 15,000m3 vessel

Storage buffer (days)

Export Equivalent Equivalent

throughput : buffer for a : buffer for a
Total storage capacity 7 500m? Total storage capacity 7 500m3

vessel vessel
0.5 16,950 113 7.3 18,900 126 8.8
1.0 18,900 126 4.4 22,800 152 5.9
1.25 19,900 132 3.8 24,750 165 5.3
1.75 21,850 145 3.2 28,650 191 4.6
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Appendix A
Marine Operations Data
Summary
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Table A 1 Marine Operations Summary Table — Cork

Parameter Value

Ship parcel size (m?) 7,500 15,000
Export throughput (MMtCO2/yr) 1.25 1.25
Transit distance (nm) 900 900
Total ships required per year 151.5 75.8
Estimated round trip travel time 6.9 6.9
(days)

Inter-arrival period (days) 2.3 4.6
Storage buffer (production days) 3 3
Storage capacity (m?3) 17,240 24,740

Table A 2 Marine Operations Summary Table — Dublin

Ship parcel size (m?3) 7,500 15,000
Export throughput (MMtCO2/yr) 1.75 1.75
Transit distance (nm) 750 750
Total ships required per year 212.1 106.1
Estimated round trip travel time 6.0 6.0
(days)

Inter-arrival period (days) 1.7 3.3
Storage buffer (production days) 3 3
Storage capacity (m?) 21,140 28,640
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