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Helping scale CCS – 200+ projects in past 10 years
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• Cost estimations
• Introduction of new technologies
• Technology review and benchmarking
• Up-scaling risk assessment
• HSE risk assessment
• Accidental release and dispersion
• Value of avoided CO2

• Corrosion
• Material selection and structural design 
• Flow assurance and operational issues
• Accidental release and dispersion
• CO2 shipping insights
• Classification of CO2 carriers
• Requalification of infrastructure

• Verification of storage sites
• Permanence of storage 
• Risk management 
• Monitoring and verification
• Public concern
• Transfer of responsibility

CAPTURE

• Fossil power plants
• Natural gas CO2 reduction
• Other industrial processes

TRANSPORT

• Pipelines
• Ships

STORAGE

• Depleted oil or gas reservoirs
• Saline aquifers
• Enhanced oil recovery (EOR)
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CO2 Shipping
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CO2 shipping
- Three concepts for transportation 

Medium pressure             
(15-20 barg, -30Co)
• Mature technology - Decades of 

operational experience

• Limitations to cargo tank size

• Selected regime for northern light 
initial phases
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Low pressure                          
(7-10 barg, -50 Co):
• Novel operation

• Allow larger cargo tanks and reduced 
cost for shipping  

• Increased cost for liquefaction and 
conditioning 

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

• Scalable and flexible design

• Reduced cost for liquefaction and 
conditioning 

Source: Yara International ASA Source: KNCC (kn-cc.com)

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

https://www.kn-cc.com/
https://pdf.sciencedirectassets.com/277910/1-s2.0-S1876610213X00074/1-s2.0-S1876610213004505/main.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEGAaCXVzLWVhc3QtMSJHMEUCIELYQpu5VEbVDcUhax6d%2B2pb276olAvqTU5ZXUuzNkc%2FAiEAgRMwvlbnoVs6riy0W4xLQAP7FSOu0DEWEa69E27UBKkqgwQI6f%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FARAEGgwwNTkwMDM1NDY4NjUiDLc7BIYySqR0yz%2F1lSrXA9V1VaHSMb4vq37fjbzVeFsXb94xVsI446MMmxtJNZy1yrwYTbCDrdoxxdpgUH4DVgDZGG%2BcCIBN%2FRnNv4PVl8pI%2BO68nu6VYO2gwpLhoGW7z2%2Bsn78XomfTBa7B7Sv436W2Q9kTIkROP4S%2BW1%2Bzz02bo9ibS%2FJP1UvA92RJN41fxniaedhpFG8unSENbt1Ynlin9JyPSlifE0ha7aomXsZbQqWGO%2BlgsRH1H2O5i5Jx%2FtrPpxXczpgeEwLYwHDNNtabZO5gfsyfxyCju6OP9wmZ1H6vkIqvUdSearBmXftR%2B8XJJxpXYZ0QBcTr1ifX4cXrO3eNCA2Hg87xlVPzaGWi8vm74uKxkCOMpCnAWJbqC00p7enUjegLS0r%2BhpSe8V1pIzx52DhyRGURPn3kB0K2bIEyIHq2YKWhEfcGaP371G%2FEaqWaAmkjGab8IOurpoGkynFlK%2FjQbS5tWkpL33yYiDKzQDmA2BngIds%2F4rA97Bv7BWw%2FXSyrKu4uHnmFx7CvIu58S7XsOav%2B3D%2BrulHohWwZTAMvtPfs6LT6HwnCIb7mZVsXwBYeUUnApcPkDqVHdFOFIC7TuVUw7twEmZg6He2hlLG3ct5jsZQeyxOcLUbG9yoQZTDklpCSBjqlAZFm18wEY2ZJVNP%2F4FsiHaGszuPoSSPYHTpFUnMSTGaYgiVO2hQNGqd26Ie7tmQGiAeN34CFosRMomPseTpAKV2jKEyKfbtMpcCfS16sVFXPm7SYk1sFCk2TZIpGNeUc3iZHXx3UVGDzxfPBn%2FOzPRenyb9P6h7IpnYCTPDSd%2BFMV3n48S2Bar075Igw3gszijXx6NLJUn9QgV20OKQS81KGVqXn1A%3D%3D&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20220330T084839Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTY5BRPBDLR%2F20220330%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Signature=90e02b7917d951785d446f1014c881f7c8502db8cd3706219d97f139137d903f&hash=7c42ff0bf5760782282df656618cbe6e8b8fb3bc523d0b7943896f980932f266&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1876610213004505&tid=spdf-d3e475aa-1c6f-44a7-8d93-d7d543d3b8f1&sid=2f4c337d3bf45249587b04b61934cf023b04gxrqb&type=client&ua=4c005c025a575057590602&rr=6f3f96659dcf1bfa
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CETO – CO2 Efficient 
Transportation via Ocean 
(Low pressure shipping)
Objective:
Execute a full Technology Qualification process of a low-
pressure CO2 solution for ship transport to enable larger 
ships for larger volume of CO2 and achieving a safe and 
cost-effective transportation chain. Web page with more 
details can be found here

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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https://www.dnv.com/maritime/jip/ceto/index.html
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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 

• Risk assessments and Independent review and 
support in cargo containment, material selection, tank 
arrangement and cargo handling

• Approval in principle selected concepts 8
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ISO Technical Report CO2 
shipping
• Regulatory regime for maritime CO2 transportation 

• Description of shipping concepts for CO2

• Properties of CO2, CO2 streams and mixing of CO2 
streams influencing ship transportation

• Ship Operations

• Technical gap assessment
o Applicability/precision of existing requirements 

o Identification of additional relevant requirements such as 
practices onshore

o Qualification and process for  new technology

o Equipment, material, and systems for future development

• Health, safety and environment
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CO2 Pipelines 
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Available standards and guidelines for CO2 pipelines

11

ISO 27919-1
Carbon dioxide capture –

Performance evaluation methods 
for post-combustion CO2 capture 

integrated with a power plant

ISO 27913
Carbon dioxide capture, 

transportation and geological 
storage – Pipeline transportation 

system

ISO 27914
Carbon dioxide capture, 

transportation and geological 
storage – Geological storage

INTERNATIONAL
STANDARD

First edition: 2018 First edition: 2016 First edition: 2017

DNV-RP-J201
Qualification procedures for carbon 

dioxide capture technology

DNV-RP-F104
Design and operation of carbon 

dioxide pipelines
First edition: 2010

DNV-RP-J203
Geological storage of carbon 

dioxide

First edition: 2017First edition: 2010First edition: 2010
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Re-stream – Study on the reuse of oil and gas 
infrastructure for hydrogen and CCS in Europe

• Assess the potential of existing European oil and gas infrastructure (in EU 27, UK 
and Norway) to transport H2 and/or CO2.

• Provide fact-based information to European policymakers and stakeholders in 
order to inform forthcoming debates on EU energy transition and climate policies.

• The study includes high level technical assessment of the infrastructure, 
identification of CO2 emitters and potential H2 users and producers that could 
benefit from the reuse of the infrastructure; and economic assessments of reuse 
compared to new build on specific cases.

Contractors:

Stakeholders:
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NOTE: An initial technical screening was 
undertaken considering the data provided by 
the pipeline operators. This analysis does not 
replace a full pipeline re-qualification process 
that would require way more inputs for each 
pipeline

https://www.carbonlimits.no/project/re-stream-reuse-of-oil-and-gas-infrastructure-to-transport-hydrogen-and-co2-in-europe/
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CO2 Safe & Sour JIP

13

• Increase tolerance levels for impurities 
resulting in sour service conditions. 

• Enable cost effective development of 
Northern Lights and other CCS Hub 
projects.

Goal

• Understand the implication of H2S on the 
integrity of CO2 pipelines and quantify
limits for safe operation.

Objective

• Knowledge basis for update of DNV-RP-
F104 on allowable H2S limits in operation.End-state

The Northern Lights pipeline is being developed with tight tolerances for impurities, 
including H2S. 

Increased tolerance levels for impurities can give considerable value to CCS projects:
• Makes CCS more accessible for different sources/customers
• Limiting customers need for gas processing
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PROJECT DETAILSSOLUTION

CO2SafeArrest – Fracture propagation testing 

Two full scale fracture arrest tests for validation of the numerical models at DNV’s 
Spadeadam full scale test site during 2017/2018. 
Full-scale fracture propagation testing to understand ductile fracture 
propagation/arrest behaviour of pipelines. 
Improving safety and efficiency of CO2 pipelines by developing and validating 
predictive models for CO2 pipeline design.

DNV’s validation of fracture arrest models and design requirements will:
• Eliminate project-specific full scale fracture arrest tests
• Remove excessive conservatism (sufficient wall thickness and material properties 

identified)
• Reduce costs for new CO2 pipeline projects
• Input to definition of safety class and selection of pipeline safety factors. 
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Customer: Energy Pipelines CRC 
(Australia)
Funding: CCLIMIT program by Gassnov

Location
UK + Norway

Date
2017-2020
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PROJECT DETAILSSOLUTION

Full scale testing of Submerged CO2 pipelines

DNV supports Wintershall DEA and the OTH Regensburg University of
Applied Sciences to explore how existing natural gas pipelines in the
southern North Sea can be used for future CO2 transport.

A key activity is performing large-scale CO2 pipeline testing of running
fracture in air and in submerged (water) condition at DNV’s Testing and
Research Facility at Spadeadam in the UK

Quantify the effect of the water surrounding the pipeline on the
crack arrest behavior for a specific pipeline, and thus better
define the model parameters used for different backfill types.

15

Customer
Wintershall Dea (Germany)

Location
Germany + UK + Norway

https://www.dnv.com/news/dnv-supports-world-first-large-scale-testing-of-submerged-co2-pipelines
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Summary
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Summary 
Pipeline vs shipping 
• Shipping and pipeline constitutes the two main options for 

transportation of large volumes of CO2 

• The two options have different cost structure and technical challenges 

Shipping
• Shipping of Liquid CO2 has been done in small quantities for many 

years

• Development are ongoing to scale up cargo tank volumes enabling 
larger vessels and lower transportation cost. 

Pipeline 
• Pipeline standards and guidelines already exists.

• Experience from US (onshore) and Norway (Snøhvit, Northern light) 
and recent requalification projects and concept studies. 
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www.dnv.com

Q&A
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Erik.mathias.sorhaug@dnv.com
+47 93 23 12 83


