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Holds
HOLDS Description Responsibility
1. Shop built vessel size limits to be confirmed based on vessel origin FEED/
and shipping limitations during FEED/EPC EPC Contractor
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Term

ASME

LCO2

FEED

CCs

CCGT

CPF

Glossary

Definition

American Society of Mechanical Engineers
Liquid Carbon Dioxide

Front End Engineering Design

Carbon Capture and Storage

Combined Cycle Gas Turbine

Central Processing Facility
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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 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).

1.2 Scope

As a part of the project, temporary above ground storage will be needed to hold the liquified carbon dioxide
(LCO») for export overseas. This document reviews the requirements and identifies possible options for
storage of LCO:z in Dublin.

CO:s: is generally stored as a refrigerated liquified gas or compressed gas at high pressure in large pressure
vessels, or alternatively in large underground caverns as low pressure gas. Due to the storage capacity needs,
space considerations, and transportability, this report is only considering the aboveground temporary storage
of liquified carbon dioxide (LCO3).

The most common type of storage for LCO: are spherical pressure vessels and horizontal or vertical pressure
vessels (bullets). This report will describe the storage needs for this Pre-FEED study and will discuss the
benefits of each of the different types of storage. Some of the considerations include vessel size limitations,
number of vessels needed, and general operational benefits.

The report also includes some preliminary design information for the spherical vessels.
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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
e Irish Regulations

e European Standards

e International Standards
e Irish Standards

e Ervia Standards

A preliminary list of regulations and standards will be developed as part of pre-FEED scope as a basis for
FEED.
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3 BASIS OF DESIGN

3.1 Design Capacity

The capacity requirements for storage have been based on ship capacities that will likely be used for
exportation of the LCO2. Two possibilities have been considered and are as follows.

Additional Production Days Required Storage Working
Capacity
7,500m3 3 days Production
(14,700m3) 22,200m3
15,000m?® 3 days Production
(14,700m3) 29,700m3

For the storage needs evaluation, we have considered the required storage working capacity to be 29,700m?3

3.2 Design Requirements

LCO:2 can be stored at a wide range of temperatures and pressures. For export and import terminals, the
conditions for CO:z storage should be aligned with the shipping transport conditions. The CO:z delivery
conditions for this project are shown below. See also Ref 3.

Table 3-1 CO; Ship Transport Conditions

Ship Transport Conditions Range

(Medium Pressure Conditions)

Pressure, bara 14/ 20

Temperature, °C -30/-19.5

To accommodate some warming of the of the product while it is being temporarily stored in pressure vessels,
it is common to store the product at a temperature closer to the triple point temperature, refer to phase diagram
below. The lower temperature also allows the vessels to operate at a lower design pressure which can help
reduce vessel cost.

For the purpose of this study, the following design conditions have been used for the vessel design.
e Min. Design Temperature: -46 Deg. C
e Max. Design Temperature: 70 Deg. C
e Maximum Internal Design Pressure: 22 Barg

e Product Density at -46 Deg C: 1,165.6 kg/m?3 (S.G. = 1.165)
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Figure 3-1 Phase Diagram of CO- (Ref 4)

3.3 Design Assumptions

The following design assumptions have been made:

| /
Critical point

—Sublimitation line
—Melting line
Saturation line

20 30 40 S50

e Seismic loading is minimal in Ireland and is not considered in the evaluation.

e Soil conditions have not been considered. It is assumed that adequate foundations can be provided.

o No specific restrictions have been imposed for the vessel height. Therefore, the vessel geometry used

in this study are primarily driven by economics.
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4 DESIGN SUMMARY

4.1 Horizontal or Vertical Vessels (Bullets)

The use of horizontal and vertical pressure vessels for the storage of liquid CO:z is very common throughout
the storage industry. As a smaller vessel, they handle high pressures well, are relatively easy to fabricate, are
typically shop fabricated, and can generally be supplied at a reasonable cost. Many manufactures in the
industry also offer standard size bullets which allows optimised production and a further reduction in cost.

For the purpose of this study, we are considering typical shop manufactured bullets of a common size that will
be shipped to site complete. Larger vessels could be considered, but this could result in shipping issues that
can add significant cost or not be logistically possible. Specific design details of the vessel will need to be
supplied by the vessel manufacturer as a part of the pricing effort.

The vessel being considered is a 6.25m diameter x 25m long bullet that can be oriented as a horizontal or
vertical vessel. The gross volume of the vessel is 703m3. We have assumed that 80% of the gross volume
can be used as working volume resulting in a net working volume of 562m?3. With a total required working
capacity for the intermediate storage of 29,700m3, the site would require (53) fifty three bullets. The following
figures are to help visualize what this might look like.

6.25M

)

26M
25M

25M ,

\ r.ll r.ll r.ll j/[TE GRA{)‘E - \ ]

HORIZONTAL VESSEL VERTICAL VESSEL

1.25M
6.25M

Figure 4-1 Vessel Elevation View for Horizontal and Vertical Vessels
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Figure 4-2 Plot plan for (53) fifty three horizontal pressure vessels
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Figure 4-3 Plot plan for (53) fifty three horizontal pressure vessels

66M

X

The layout of the vessels can vary significantly depending on the land available, location needs for other
equipment, and the general topography of the site. The layouts shown represent the smallest possible
footprint.
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4.2 Spherical Vessel

Spherical pressure vessels are also well suited to store LCO2. The storage pressure for refrigerated LCOz is
not generally too high which keeps the wall thickness down making it a more economical option. Smaller
spheres may be shop erected. However, smaller spheres are generally less economical than bullets as they
are more difficult to fabricate/erect than bullets and generally heavier than bullets.

Most spheres tend to be field erected as they are too large to be shop built and transported to site. For the
purpose of this study, we are only considering large field erected spheres as this would be the most economical
sphere option.

In this report, we have considered two different options for the spheres.

1. (4) 26.1m Diameter spheres with a gross volume of 9,309m? and a net working volume of 7,447m3 for
each sphere.

2. (6) 22.8m Diameter spheres with a gross volume of 6,205m? and a net working volume of 4,964m3 for
each sphere.

As with the bullets, the working volumes are based on 80% useable capacity for each sphere.

22.8M

24.8M

i

|

4/"__'3

i

i

i

i

]

i
28.1M

N
//_/_\

U VAR I

4 SPHERE OPTION 6 SPHERE OPTION

Figure 4-4 Vessel Elevation View for 26.1m and 22.8m Diameter Spheres
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Notes:

1) Layout based on 6m clearance between
vessels. Clearance can vary depending
on maintenance and access needs.

2) Total footprint based in this layout is
4,624m?

3) No special allowances have been made
for piping or any other equipment within
the storage vessel area.

4) Stairway and platform access to the top

of large spheres is typical and shown in
the plot plan.

Figure 4-5 Plot plan for (4) Four 26.1m Diameter Spheres

60M

89M

Notes:

Layout based on 6m clearance between
vessels. Clearance can vary depending
on maintenance and access needs.
Total footprint based in this layout is
5,340m?

No special allowances have been made
for piping or any other equipment within
the storage vessel area.

Stairway and platform access to the top
of large spheres is typical and shown in
the plot plan.

Figure 4-6 Plot plan for (6) Four 22.8m Diameter Spheres
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5 CONCLUSION

Historically, horizontal and vertical pressure vessels (Bullets) have been more common than spheres for the
storage of LCO2. A bullet was well suited for the small volume of LCO: that was typically being stored and
was generally the most economical option. The vessels were almost always shop manufactured and tested
which minimised the mobilisation effort in the field.

As a general rule, it was considered that (10) or (12) shop manufactured bullets were almost always a more
economical option when compared to a large field erected pressure vessel like a sphere.

With the emerging CO2 market around carbon capture initiatives, much larger quantities of CO2 are needing
to be stored which means the industry must re-evaluate potential storage options.

For this study, we considered a required storage capacity of 29,700m? of LCO2. As outlined in the previous
design summary, 29,700m?3 of LCO2 would require either

e (53) 6.25m diameter x 25m High bullets, or
e (6) 22.8m diameter spheres, or

e (4) 26.1m diameter spheres.

Although (53) bullets are possible but not very practical when comparing to (4) or (6) spheres. The (53)
bullets will require significantly more piping, valving, and control systems, which adds cost and will result in a
great deal more maintenance during the operation of the facility.

Having (53) bullets will also significantly increase safety concerns for the facility. The large number of pipe
joints, valves, and control systems greatly increases the risk of leaks and/or equipment failure. It should also
be noted that off-loading product from a large number of bullets to a ship adds a considerable complexity to
the process which further increases operational safety risks.

The footprint required to install the (53) bullets horizontally is extremely large which means the vessels would
likely need to be installed vertically eliminating any benefit for a low profile option.

Based on the above and due to the large storage volume of LCO: that is considered for this facility, we
recommend that large field erected spheres be considered as the most suitable option. (i.e. (4) 26.1m Diameter
spheres with a gross volume of 9,309m?3 and a net working volume of 7,447m3 for each sphere.)

The recommended sphere option will likely reduce the installation cost, reduce long term maintenance cost,
and improve the overall safety of the facility by reducing the number of pieces of equipment.
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Appendix A
PRELIMINARY SPHERE
DESIGN SUMMARY
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(4) Sphere Option — 26.1m Diameter
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(6) Sphere Option — 22.8m Diameter
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