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INTRODUCTION
Pipelines as enablers of the transition to a decarbonized Energy System 
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❑ There is a general call for industry, policy makers, investors to boost the
transition to a decarbonized energy system and to pursue goals for a better
climate protection.

❑ The new energy production and distribution scenarios include Renewable
Energies and Hydrogen as an energy vector, is today moving to the front
stage.

❑ In this context, an infrastructure is required to transport anthropogenic
‘impure’ CO2 from multiple sources overland through often densely
populated regions to storage sites, which may be subsea, using existing
infrastructure where possible and desirable.

❑ At the same time, an infrastructure will be required to transfer the
produced Hydrogen to the end users, either pure or blended with natural
gas.



Chapter 1 

The Challenges
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The Value of Saipem's Effort on CO2 & H2 Offshore Pipelines

▪ Advance knowledge on hydrogen effects on materials and welds

▪ Promote and support standardization to ensure a fit for purpose and safe offshore pipeline design

▪ Design for transport flexibility

▪ Develop a dedicated method for structural integrity analysis

▪ Ensure a safe by design offshore pipeline system (Risk Assessment, LOSPE)

▪ Enable better and safe re-use of existing offshore pipelines (re-purposing)

H2, H2/NG Pipelines

▪ Design for transport flexibility: CO2 streams + impurities and staged CO2 transport

▪ Enable better and safe re-use of existing offshore pipelines

▪ Increase knowledge of CO2 pipelines depressurization conditions and hydrates/solid formation

CO2 Pipelines



▪ DNV-ST-F101 - offshore pipelines design is based on a limit state
design approach

▪ DNV-RP-F104 for CO2 pipelines takes into account the applicable
additional failure modes and specific aspects of the CO2 transport
offshore

▪ ASME B31.12 includes the design of pipelines however does NOT
include a specific approach for H2 pipelines offshore

A stepwise approach to fill the gaps:

▪ Analysis of how hydrogen affects failure modes and material/welding properties

▪ Definition of Material testing requirements for hydrogen environment

▪ Elaborate Saipem Methodology for qualification of existing offshore pipelines to be re-used with H2

or H2/NG or CO2+impurities.
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A Limit States Design

OFFSHORE PIPELINES DESIGN CHALLENGES
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❑ H2 impacts key material properties (ductility, toughness

and fatigue performance in particular on

circumferential welds): steels and welds applicable in

the offshore context need to be tested in hydrogen

environment (specific considerations need to be done

for high strength steel)

❑ H2 diffuses through virgin surfaces: it is essential to

improve the internal surface condition and reduce as

much as possible the SCF (for girth welds it is a key factor

to use a suitable welding process)

❑ The evaluation of root open defects and used welding

technology is a key factor also for the evaluation of

repurposing of an existing pipeline

❑ ASME B31.12 shall be complemented and modified with

additional considerations / testing criteria
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OFFSHORE PIPELINES DESIGN CHALLENGES
Material Technology

❑ Corrosion is critical and a corrosion prevention

strategy shall be mainly based on avoidance of

free water formation

❑ there is significant uncertainty and lack of data /

corrosion predictive models able to handle the

CO2 with different impurities;

❑ Existing corrosion predictive models (mainly

from the Oil & Gas industry) cannot be directly

transferred to the CCS context

❑ one of the main challenges is related to low

(potentially very low) temperature transport

condition

❑ Running Shear Fracture to be investigated and

controlled
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OFFSHORE PIPELINES DESIGN CHALLENGES
Material Technology - Testing Steels and Welds In Hydrogen Environment

Saipem Test 
Campaign

H2 Pipe JIP Test 
Campaign
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OFFSHORE PIPELINES DESIGN CHALLENGES
Structural Integrity

❑ CO2 pipelines in dense phase are more susceptible to long ductile

running fracture, due to the phase change from dense to gaseous.

❑ In phase change, the saturation pressure becomes the driving force for

the fracture propagation. The presence of impurities may increase it

compared to a nearly pure CO2 stream.

❑ A very limited number of burst tests are available for offshore natural

gas pipelines and none is available for CO2.

❑ Offshore pipelines are subject to high fatigue loading due to waves and
current vortex induced vibrations at free spans, typically more relevant than
fatigue loading in onshore pipelines due to temperature and pressure
fluctuations

❑ Fatigue crack growth in hydrogen environment is significatively more
stringent than in Natural Gas

❑ ASME B31.12 does not allow to accept typical flaw size accepted by
workmanship criteria even for small percentage of H2
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▪ How much more H2 needs to be transported in the
same pipeline to match the same energy carrying
capacity or same pressure drops of NG alone. H2 has
a much lower heating value than natural gas (NG)

▪ H2 increases the complexity of the calculation of the
phase envelope due to the highly asymmetric
nature of hydrocarbon–hydrogen mixtures

Sensitivity for a 

26” Pipeline

FLOW ASSURANCESTRUCTURAL INTEGRITYMATERIAL TECHNOLOGYMECHANICAL DESIGNINTRODUCTION SAFETY INNOVATION CONCLUSIONS

OFFSHORE PIPELINES DESIGN CHALLENGES
Flow Assurance – Thermodynamics & Sensitivities
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▪ Impurities may cause cross chemical reaction followed by drop out of aqueous corrosive phase

▪ Effects on the saturation pressure (important for the pipeline design for running ductile fractures)

▪ Prediction of two-phase regions is important to keep the flow as the single phase in offshore transport scenarios
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OFFSHORE PIPELINES DESIGN CHALLENGES
Flow Assurance – Effect of Impurities on CO2 Transportation



There are Gaps to be filled in all areas of the risk assesment process:
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OFFSHORE PIPELINES DESIGN CHALLENGES
Safety Engineering

➢ Focus is needed to develop a CFD model for subsea releases of CO2 and H2/NG

➢ Effort is needed to update any proprietary computation code, e.g. Polplume, to simulate CO2 and H2/NG release



Chapter 2

Innovation & Advancing
Technologies
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H2Pipe JIP

▪ Methodology to Assess the
Frequencies of Loss of Containment

▪ Underwater Dispersion Modelling of
Leaks & Ruptures

▪ Evaluation of Release Consequences
▪ Third Party Interaction Vs. Hydrogen

Transport

▪ Material Testing Campaigns
▪ Predictive Models for Structural

Integrity/Allowable Defects
▪ Predictive Models for Running

Shear Fracture subsea

▪ Effects of Impurities on Transient
Operating Conditions

▪ Dynamic Behavior of H2/NG Blends
▪ Hydrates and Solids Predictive Models

2. MATERIAL TECHNOLOGIES 4. FLOW ASSURANCE

3. SAFETY ENGINEERING1. OFFSHORE PIPELINE DESIGN
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INNOVATION AND ADVANCING TECHNOLOGIES
A Brand New Roadmap with 4 Pillars – Saipem Contribution to Overcame the Challenges

▪ Contribution to Standardization
▪ Attendance to H2 Pipe JIP
▪ Installation Capabilities
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CONCLUSIONS

Innovation and technological advancement are needed to make the energy transition
safe and economically feasible

Industry cooperation for experimental programs on materials and on the
consequences of loss of containment events in the new offshore transport scenarios is
a commitment that cannot be failed by all key actors in the energy business.

Saipem Technological Roadmap & Portfolio have been reassessed to anticipate the
demand to transport and deliver CO2, H2 and H2/NG, meeting the highest technical
and operational targets together with excellence in HSE and quality standards to
enable the energy transition.



The work presented today is the result of a great teamwork performed during one of the most 
challenging years of our careers. 

We Wish to Say Thank You to This Team for its Paramount Passion and Involvement.

We acknowledge 
Saipem Management for the opportunity to open this new chapter in view of a decarbonized 

future.

A special thank to Giorgio Arcangeletti who’s leading this team.
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THANK YOU!

Contacts:
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