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Background
•

•
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CCS value chains across
the globe are under
development, many with
shipping as a mean for
transportation.
Decisions on shipping
parameters have large
consequences on the
other elements in the CCS
value chain
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•

Experience with shipment of
liquid CO2 exist, but only in
small scale and volumes.

•

Technology development is
needed to find ways to scale
up CO2 shipping and
reduce the cost of
transportation.

•

Liquid CO2 imposes new
risks and challenges to
ship design. Research and
development are ongoing to
identify possible solutions

• An ISO Technical report
on CO2 shipping is meant
to establish a description
and status of CO2
shipping. This to support
the development of the
CCS value chains and set
the ground for
standardization where this
can add value
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Introduction

Key challenges with CO2 as cargo
Cargo Characteristics

Ship design challenges and considerations

• Pure CO2 has a “triple point” at 5.12 bara and
-56.60C. CO2 is a low viscosity, and colourless
liquid with density of about 1.17 t/m3 at -520C
(approximately twice the density of LPG)

• Limitation of tank size due to minimum/required
design pressure
• Composition of CO2 and sufficient margin to
triple point
• Optimal tank arrangement (weight critical rather
than volume critical )
• Fatigue of critical details in tank and tank support
• Optimal material (cost vs constructability)
• Holding time and need for re-liquefaction
• Pressure relief system
• Reliable monitoring systems

• CO2 is non-flammable and non-explosive
• CO2 is not toxic, but asphyxiation risk requires
precautions
• Impurities such as water, sulphur dioxide, etc.
in the liquefied CO2 may affect the triple point
and can cause a corrosive environment
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Present and historic CO2 carrier fleet

 A total of 7 vessels have been built for dedicated transport of CO2, all operated by
Larvik Shipping and classed by DNV. Three of these vessels have been scrapped
 All ships except one were converted from general cargo vessels. The first conversion
was carried out in 1989
 The cargo is generally a bi-product from fertilizer production and used in the food and
beverage industry
 The cargo is transported at around 13-15 barg (medium pressure conditions)

Source: Yara International ASA

 Typical class notation:
– 1A1 Tanker for liquefied CO2 (Ship Type 3G, -30 0C, 19 bar, 1.075 t/m3)
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Vessel name

Owner/ Operator

Year built

Capacity [m3]

Status/Comment

YaraGas I

Praxair/Larvik Shipping

1977/1988*

900

Scrapped in 2013 (cargo tanks reused as onshore
storage tanks)

Yara Gas II

Praxair/Larvik Shipping

1977/1992*

900

Scrapped in 2013 (cargo tanks reused as onshore
storage tanks)

Iduna (ex. Yara Gas
III)

Nippon Gases /Larvik Shipping

1975/1996*

1220

Scrapped in 2020

Embla

Nippon Gases/Larvik Shipping

2005/2013*

1850

Frøya

Nippon Gases/Larvik Shipping

2004/2013*

1850

Gerda

Praxair/Larvik Shipping

2005/2015*

1850

Helle (ex. Coral
Carbonic)

Nippon Gases/Larvik Shipping

1999

1250

* Year of conversion
First newbuild dedicated for carriage of CO2

Northern Lights vessels
• The Northern Lights project is part of the Norwegian CCS demonstration project with capture of CO2 from industrial sources in
the Oslofjord region, shipping of liquid CO2 from capture sites to an onshore terminal on the Norwegian west coast, and
pipeline transport from onshore to an offshore storage complex in the North Sea.
• For this project, a specification for 7500 m3 multigas carrier (LPG and CO2) has been developed. An order for 2 vessels has
been placed at Dalian (DSIC) with delivery mid 2024. The design is based on the medium pressure concept.
• ✠1A Tanker for Liquefied Gas (inc.CO2), Ship type 2PG (-35oC, 19barg, 1100 kg/m3) Ice (C), Winterized, F(A, M), E0, Gas
Fuelled, Clean Design, Comf (V2, C2), BWT-T, NAUT(AW), TMON, COAT-PSPC(B), RP (1, 20), Shore Power, BIS,
Recyclable, Battery (Power)

Source: Equinor/Northern Lights Project Concept report
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Temperature/pressure regimes CO2 shipping
- Three categories
Medium pressure
(15-20 barg, -30Co)

Low pressure
(7-10 barg, -50 Co):

High pressure
(40-50 barg, >0 Co):

• Mature technology - Decades of
operational experience

• Novel operation

• Novel design

• Limitations to cargo tank size

• Allow larger cargo tanks and reduced
cost for shipping

• Scalable and flexible design

• Selected regime for northern light
initial phases

• Increased cost for liquefaction and
conditioning

Source: Yara International ASA
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Source:A Feasibility Study on CO2
Marine Transport in South Korea
(sciencedirectassets.com)

• Reduced cost for liquefaction and
conditioning

Source: KNCC (kn-cc.com)

The different solutions have different req. for liquefaction and
conditioning

Source: KNCC (kn-cc.com)

Source: Equinor/Northern Lights
Source: Yara International ASA

In operation (medium pressure)

To be ordered (medium pressures)

Ongoing development larger ship

Existing and planned vessels are with medium pressure (15-20) barg. Low and high pressure solutions are
currently being investigated
Low pressure and temperature may reduce cost for the shipping, but it increases the liquefaction and
conditioning cost.
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The optimum shipping solution need to include the
conditioning of CO2
Sintef conclusion:

 For pure CO2, the highest liquefaction cost is
obtained at 7 bar among the range considered,
while a minimum lies around 40-50 bar (13%
cheaper than at 7 bar).
 For impurity cases considered, the liquefaction
cost is increased significantly compared to pure
CO2 (up to 34% in some cases). Overall, delivery
pressure under 30 bar is the most heavily
impacted, while a more moderate increase is
observed beyond.

Techno-economic analyses of CO2 liquefaction: Impact of product pressure and impurities – Han Deng, Simon
Roussanaly, Geir Skaugen
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 In the comparison of the most discussed 7 and 15
bar options, the cost is reduced by 1.05 €.tCO2-1 at
the 15 bar option for pure CO2 case. With
impurities this difference increases (1.3 and 1.7
€.tCO2-1)
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ISO Technical Report

- Process to develop a proposal for ISO Technical Report CO2 Shipping

• DNV was approach by Standard Norge and the Norwegian mirror committee ISO TC265 in early
summer 2021 to develop a New Work Item Proposal (NWIP) for a Technical report for CO2
shipping
• Independent from this Shell was proposing a similar NWIP for a Technical Report through the UK
mirror committee
• Late 2021 Shell and DNV together with Equinor and Total collaborated on a merged NWIP which
was submitted early 2022
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ISO Technical Report
- Objective

• The purpose of the technical report is to support consistency and compatibility in the
design of CO2 carriers by addressing important areas where future standardization can
add value to the further development of CCS value chains.
• The Technical report will address the ship, ship design and systems and interface to
connecting infrastructure,
• It will also describe rules and regulations applicable for design and operation/trading of
CO2 carriers

Source: DSME Large CO2 carrier
Source: KNCC (kn-cc.com)
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Source: Lattice and Exmar JDP

ISO Technical Report
Table of content:
•

Regulatory regime for maritime and inland waterways CO2
transportation

•

Source: DSME Large CO2 carrier

Description of shipping concepts for CO2 and design
considerations

•

Properties of CO2, CO2 streams & mixing of CO2 streams
influencing the ship transportation

•

Ship Operations

•

Technical Gap assessment

•

Health, Safety and Environment

•

Quantification and Verification of Co2 Cargo

Source: Lattice and Exmar JDP

Source: KNCC (kn-cc.com)
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ISO Technical Report
Status
• NWIP and PM/Convenor is approved.
Way forward:
• Duration of developing the report is 2 years
• Kick off meeting 15th June
• Need for experts across the industry to engage and contribute
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ISO Technical Report
- Related initiatives

Working group on CO2 safe
operation
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CETO – CO2 Efficient
Transportation via Ocean
(Low pressure shipping)
Objective:

Execute a full Technology Qualification process of a lowpressure CO2 solution for ship transport to enable larger
ships for larger volume of CO2 and achieving a safe and
cost-effective transportation chain.

DNV Involvement:
• Project Owner and Project manager
• Project tasks DNV:
• Risk assessments
• Definition of qualification basis and qualification plan
• Large scale testing at Spade Adams
• Approval in principle cargo tanks and cargo handling
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Knutsen – AIP and Technology
Qualification (TQ) high pressure
solution
Objective AiP:
To "bridge" the IGC Code with the DNV CNG Rules to
enable safe and secure transport of liquefied CO2 under
high pressure.
Objective TQ:
Assist Client in establishing a qualification basis of the
technology, to ensure that the functional requirements and
technology elements are sufficiently and correctly
described within specified limits for the technology and per
guidance given in DNV-RP-A203.
DNV Involvement:
•

Risk assessment, HAZID/HAZOP

•

Regulatory framework

•

Independent review and support in cargo containment, material
selection, tank arrangement and cargo handling
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Stella Maris – Large Scale
Maritime Concept for Transport
and Injection of CO2
Objective:
Phase 1: Feasibility study “Large Scale Maritime Concept for
Transport and Injection of CO2 for Permanent Storage in
Subsea Reservoirs”
Phase 2: Concept selection - Evaluate relevant concept
solutions - identify the optimal concept for the logistic solution
Phase 3: Concept definition – Finalize technical concept for
logistic solution

DNV Involvement:
• Regulatory framework for shuttle tanker and floating offshore
injection unit
• Risk assessments and Independent review and support in
cargo containment, material selection, tank arrangement and
cargo handling
•24 Approval
in principle selected concepts
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