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Hydrogen Pipeline Code of Practice: Design, Construction and Operation
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› Why hydrogen pipelines?
› H2 potential for large energy export commodity
› Pathway to decarbonisation of domestic energy

› Growth of projects & assessments
› Pilot projects now in operation (low pressure)
› Increasing scale / higher pressure blending
› Localised pipeline conversion projects
› Potential long distance H2 export pipelines

› Economic comparison
› H2 pipelines cheaper/more reliable than powerlines

infrastructure for moving energy over distance
› Potential for additional energy storage 

Background
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1. Who’s worked on a hydrogen pipeline 
related project or study?

2. Who expects they will need to in the next 
5 years? 

3. Next 10?
4. Never?
5. Who has assets they expect will need to 

convert for future H2 service?

Quiz Time!!
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• Must be done safely, reliably and efficiently

• Enable integration of guidance and rules into our 
existing framework for pipelines (AS2885 series)

• Hydrogen introduces difference that need special 
consideration

Scope

The Hydrogen Pipeline Code of Practice: 
Design, Construction and Operation
“Guidance and recommended practice for the design, 
construction and operation of transmission pipeline 
systems for transporting hydrogen or blends of 
hydrogen and hydrocarbon fluids”
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Agenda
› CoP Content Overview
› Interaction with AS2885 Series
› Risk Based vs. Prescription
› Chapter Focus & Summary

C4. Hydrogen as a Fluid
C5. System Compatibility for H2 Service
C6. Carbon Steel Linepipe for H2 Service
C7. Hydrogen Pipeline Design (Carbon Steel)
C8. Welding
C9. Conversion of Existing Pipelines
C10, Operations & Maintenance
C11. Composite Pipeline Design
C12. Safety

› Challenges & Lessons Learned
› Future Revisions & Wider Publication
› Acknowledgements
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Hydrogen Pipeline CoP – Content Overview

P 3

C1. Introduction (Scope & Pupose)
C2. Background
C2. Australian & International Standards
C4. Hydrogen as a Fluid
C5. System Compatibility for H2 Service
C6. Carbon Steel Linepipe for H2 Service
C7. Hydrogen Pipeline Design
C8. Welding
C9. Conversion of Existing Pipelines
C10: Operations & Maintenance

C11. Composite Pipelines
C12. Safety

• Appendix C: Linepipe Specification & 
Supplementary Testing Guidance

• Appendix D: Future Proofing New Pipelines
• Appendix E: ILI Technology for Hydrogen 

Service
• Appendix F: Pipeline Conversion Checklist
• Appendix G: Pipeline Sizing Guidance

Introducing the Hydrogen Pipelines Code of Practice: Research driven advancement
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Interaction with AS2885 Series

P 3Introducing the Hydrogen Pipelines Code of Practice: Research driven advancement

CoP Section AS2885 Related Part
C5. System Compatibility for H2 
Service

AS2885 Part 1 – Section 3 Pipeline 
Materials

C6. Carbon Steel Linepipe for H2 
Service

AS2885 Part 1 – Section 3 Pipeline 
Materials

C7. Hydrogen Pipeline Design AS2885 Part 1 – Section 5 Pipeline 
Design

C8. Welding AS2885 Part 2 Welding

C9. Conversion of Existing Pipelines AS2885 Part 3 – Section 10 Change of 
operating conditions

C10. Operations & Maintenance AS2885 Part 3 Operations & Maint.

C11. Composite Pipelines AS2885 Part 1 - Appendix S Fibreglass
Pipe Manufacture

C12. Safety AS2885 Part 6 – Safety Management

• CoP will remain a live ‘companion’ document 
• Future Part of AS2885, or a Technical Spec 

under Australian Standards?
• Structure complementary to Parts of AS2885 

series
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Risk Based vs. Prescription

P 3Introducing the Hydrogen Pipelines Code of Practice: Research driven advancement

• Prescriptive recommendations provided – where 
knowledge/experience supports rules

• In areas where knowledge gaps exist:
• Detailed commentary, and back ground information provided
• Information on how these damage mechanisms contribute to a failure 

mode
• Guidance on how failure modes can be addressed
• Guidance on knowledge gaps and where individual assessment 

needed

A key outcome is the CoP, informs and educates the user, to 
support informed judgement – it is not a recipe book!
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Chapter 1-3: Introduction, Background, Standards

P 3Introducing the Hydrogen Pipelines Code of Practice: Research driven advancement

• Chapters 1-2 –
• Scope, background, scene setting, 
• References research activities and knowledge gaps that 

remain to be closed.

• Chapter 3
• Related standards, including relevant international codes 

(directly referenced in the CoP or relevant for 
information), 

• Interaction with AS2885 Parts
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Chapter 4: Hydrogen as a Fluid

P 3Introducing the Hydrogen Pipelines Code of Practice: Research driven advancement

• Physical properties and characteristic of pure 
hydrogen and blends of hydrogen within natural 
gas. 

• Highlights differences to natural gas.

• Guidance on how differences impact;
• Process modelling, hydraulic simulation and line sizing,
• Safety in design considerations, 
• Release events, dispersion, radiation contours, 

overpressure contours
• Ignition energy & probability
• Hazardous area classification



Ideas
Realised

Consult
Engineer
Deliver

Chapter 5: System Compatibility for H2 Service

P 3Introducing the Hydrogen Pipelines Code of Practice: Research driven advancement

• Outlines impact of H2 on pipeline system piping 
materials, components and equipment – and their 
applicability for H2 service. 

• Provides overview of damage mechanisms
• Material reference tables

• Metallic materials
• Elastomers, thermoplastics
• Other materials (e.g. graphite / asbestos)
• Minor equipment & accessories (vavles, filters, vessels, 

isolation joints, flow meters, pressure regulators, 
pressure relief systems)

• Major equipment: Compression
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Chapter 5: System Compatibility for H2 Service

P 3Introducing the Hydrogen Pipelines Code of Practice: Research driven advancement

Y suitable for use; minimal 
deterioration in hydrogen 
(chemically resistant)

P does not deteriorate, but is 
considered permeable to hydrogen

C may be suitable, subject to 
supplementary consideration or 
further assessment required by the 
Designer

U unknown (no information available 
at time of writing)

N not suitable for use

N/A Not applicable, as material is not 
used at that pressure
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Chapter 5: System Compatibility for H2 Service

P 3Introducing the Hydrogen Pipelines Code of Practice: Research driven advancement

Y suitable for use; minimal 
deterioration in hydrogen 
(chemically resistant)

P does not deteriorate, but is 
considered permeable to hydrogen

C may be suitable, subject to 
supplementary consideration or 
further assessment required by the 
Designer

U unknown (no information available 
at time of writing)

N not suitable for use

N/A Not applicable, as material is not 
used at that pressure
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Chapter 6: Carbon Steel Linepipe for H2 Service

P 3Introducing the Hydrogen Pipelines Code of Practice: Research driven advancement

• Defines impact of hydrogen on the properties of 
carbon steel line-pipe materials

• Best practice to specify a material for optimal 
performance in hydrogen. 

• Provides overview of hydrogen embrittlement, 
and impact to;

• Ductility
• Fracture initiation toughness
• Fatigue life / fatigue crack growth rate
• Fracture propagation resistance

• Detailed discussion on both fracture and fatigue

• Ongoing research essential to furthering 
knowledge in this area
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Chapter 7: Hydrogen Pipeline Design

P 3Introducing the Hydrogen Pipelines Code of Practice: Research driven advancement

• Principles and rules for designing a carbon steel 
pipeline carrying hydrogen, and associated 
facilities, consistent with the scope AS 2885.1.

• Design criteria in AS2885 impacted by the effects 
of hydrogen

• Fracture resistance and critical defect length.
• Fatigue resistance and cyclic stress amplitude.
• Propagating fracture arrest.
• Design for hydrotest, to ensure non-critical defects in 

operation

• Control of fatigue critical! Requires assessment to 
justify design life & ILI practices.

• Guidance on vent design, AIV/FIV, field strength 
testing
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Chapter 8: Welding

P 3Introducing the Hydrogen Pipelines Code of Practice: Research driven advancement

• Outlines impacts of hydrogen on the properties of 
girth welds on carbon steel pipelines and suggests 
appropriate measures to mitigate these impacts. 

• H2 interaction with defects
• Minimizing likelihood of weld region being an initiating 

site for fatigue crack growth in H2 service
• Preventing cracks in weld metal & HAZ
• Avoiding sharp defects
• Promote more suitable microstructure

• Defect criteria – currently proposed to retain 
AS2885 Part 2 requirements

• Increase in minimum toughness from 27J to 40J

• Hardness remains an area of ongoing research
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Chapter 9: Conversion of Existing Pipelines

P 3Introducing the Hydrogen Pipelines Code of Practice: Research driven advancement

Acceptable 
(ALARP) risk?

Controlled 
by design?

Failure mode

Initiating event(s)

Consequence

Likelihood

Risk

Controls

Operating 
envelope

Pipeline data

Assessment to 
Code of Practice

COMPLETE

next

yes

yesno

no

reduce

refine

add

Comparison / 
baseline

Design 
remedies

add

• Outlines a requalification process – focused on 
both the linepipe, as well as equipment and 
components and implications for station design

• Provides assistance in how to gather & assess;
• Current / historical data
• Design / construction records
• Maintenance records
• Operations and integrity management records
• Acknowledges there will be incomplee

• Complete assessment againce CoP (gap analysis)
• Condition assessment to prioritise issues sensitive to H2 

embrittlement & accelerated fatigue
• Guidance on failure modes included

• Apply risks analysis and controls
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Chapter 9: Conversion of Existing Pipelines

P 3Introducing the Hydrogen Pipelines Code of Practice: Research driven advancement
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Chapter 10: Operations & Maintenance

P 3Introducing the Hydrogen Pipelines Code of Practice: Research driven advancement

• By difference or complementary to AS2885 Part 3

• Guidance for areas such as;
• structural integrity, 
• anomaly assessment & repair, 
• monitoring operating conditions, 
• purging and venting, 
• pressure cycle monitoring (fatigue management)
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Chapter 11: Composite Pipelines

P 3Introducing the Hydrogen Pipelines Code of Practice: Research driven advancement

• Applicable to high pressure spoolable
composite pipelines (multilayer fibre
reinforced plastics) 

• Design principles, fluid service conditions 
and qualification requirements that are 
impacted by hydrogen. 

• Some H2 specific designs, limited 
qualification testing or in-service 
experience

• Ensure the vendor has assessed the failure 
modes and mitigated via a design and 
qualification process
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Chapter 12: Safety

P 3Introducing the Hydrogen Pipelines Code of Practice: Research driven advancement

• Provides guidance on the safety-related provisions of 
AS2885 focussed on hydrogen-specific issues that affect:

• Pipeline safety management
• Process safety applied to facilities
• Emergency management

• Identifies;
• Which properties of hydrogen specifically relate to safety 

assessments, and 
• why they require specific consideration for hydrogen service  
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Challenges & Lessons Learned

P 3Introducing the Hydrogen Pipelines Code of Practice: Research driven advancement

• Provides guidance on the safety-related 
provisions of Natural Gas pipelines have 
decades of best practice, driving a 0.8 design 
factor

• Existing industrial hydrogen pipes do not 
require fluctuating storage requirements that 
are valuable in transmission pipelines

• Must balance flexibility to apply the latest 
developing knowledge with ensuring safe 
design and operation

• Global effort needing intellectual property 
from many jurisdictions
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Dissemination, Future Revisions & Wider Publication

Hydrogen In Steel Pipelines – Industry Perspective P 3

Code of Practice Document (FFCRC): 
• DRAFT report to be available to FFCRC membership 

soon
• Final report before end of year to FFCRC membership

Two Page Summary (FFCRC): 
• Summary of the project deliverable will be produced 

for the FFCRC website, which will also function as a 
promotional material.

Seminar (Q1 2023):
• Half day or full day seminar will be produced based on 

the Code of Practice (Target Q1 2023)

Future Revisions
• Future revisions will be required as research data, 

empirical and industry experience progresses. Expect 
further updates over next 12-24 months. 

Wider Publication
Two pathways being considered:
1. APGA branded document
2. Technical Specification under Australian Standards 

(recommended to be managed under ME-038 
committee)
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Hydrogen Pipeline CoP – Contributors

Introducing the Hydrogen Pipelines Code of Practice: Research driven advancement P 3

Co-Authors
• Nick Kastelein (Sections 6, 7, 9)

• Margaret Gayen (Section 4)

• Sam Hatwell / Marzieh Amanabadi (Section 5)

• Mark Lackenby, Zach Hill, Oliver Day (Section 8)

• Hossein Khalilpasha (Section 10)

• Dennis Kirk Bernand (Section 11)

• Richard McDonough (Section 12)

• Daniel Meyer Rodenbeck (ILI Appendix)

• Mehdi Fardi, Craig Clarke (key reviewers)

Phil Colvin 

Raj Jeyarajah 

Nikhil Maharaj

Amir Esmaeili

Ehsan Azarikhah

Mieka Webb 

James Czornohalan 
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About Future Fuels Cooperative 
Research Centre



Future Fuels CRC is supported through the Australian 
Government’s Cooperative Research Centres Program. 
We gratefully acknowledge the cash and in-kind support 

from all our research, government and industry 
participants.

@futurefuelscrc
futurefuelscrc
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Adelaide

121 Greenhill Road
Unley SA 5061
Phone (08) 8299 8300

Brisbane

Level 5, 193 North Quay
Brisbane City QLD 4000
Phone (07) 3551 1300

Perth

Level 1, 89 St George Tce
Perth WA 6000
Phone (08) 6370 5600

Darwin

L16, 19 Smith St The Mall
Darwin NT 0800
Phone (08) 8936 5650

Melbourne

L6 HWT Tower, 40 City Road
Southbank VIC 3006
Phone (03) 9674 7102

GPA Engineering Pty Ltd

Phone (08) 8299 8300
enquiries@gpaeng.com.au
gpaeng.com.au
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