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Report Limitations 
In light of the current gaps in hydrogen blending regulations and equipment certification standards 
within Québec and Canada, this report should be understood as a reflection of the latest knowledge 
and information available at the time of data extraction, review and publication. While some of the 
findings from this assessment may be applicable to other areas of the Enbridge Gas network, it is 
imperative that general extrapolations be avoided and that a case-by-case engineering assessment be 
conducted for hydrogen blending in other systems. Moreover, as hydrogen blending is a rapidly 
evolving field of research, the findings and recommendations of this report will need to be re-evaluated 
to ensure validity and application of the latest best practices during the detailed design of the proposed 
hydrogen blending assets and implementation process.  
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- Potential changes to safety, operability or reliability of gas appliances 
- Equipment testing, inspection, refurbishment/recalibration and validation 

2.2.4. System Capacity and Operations  

Section 6 reviews hydraulic capacity and operating history for the Gazifère network. Key 
considerations prior to introducing hydrogen include historical and anticipated: 

- Pressure cycling of pipeline systems 
- Identification of optimal hydrogen blending location(s) and implications for hydrogen 

uniformity  
- Metering and regulator capacity and tolerances 
- Estimated hydrogen production capacity and seasonal variability in energy demand 
- System reliability and redundancy 
- Potential reductions in carbon emissions 

 

2.2.5. Integrity, Asset Health and Risk Management 

Section 7 addresses risk and integrity implications of blending hydrogen into the existing natural gas 
system. This portion reviews the following key topics: 

- Failure and degradation modes of piping systems and the effects of hydrogen 
- Types of pipeline imperfections and the impact of hydrogen on their behaviour and 

assessment acceptability criteria and repair methods 
- System health based on condition records and asset health review 
- Physical behaviour of blended hydrogen-natural gas mixtures such as gas release, ignition, 

fire, explosion and dissipation 
- Leak detection and management, including odorization 
- Location-specific risks based on material, building type, pressure, blend, etc. 
- Risk Assessments 
- Integrity and operational procedures 

  

Additionally, high-level considerations for implementation and operational readiness (design, purchase, 
construction, operations and maintenance standards, processes and procedures) are presented. 
Formal recommendations for any required changes will be identified as part of the detailed engineering 
design and implementation phase.  

The outcomes from the five report sections collectively feed into the permissible blending limit for the 
Gazifère system.  

  









































































































 

CONFIDENTIAL: Please do not forward or distribute this document without express permission.  68 of 100 

6.7.1. Global Warming Potential of Hydrogen 

As discussed in Sections 4 and 7, the addition of hydrogen into the natural gas stream may result in a 
small increase in leakage rates due to the smaller molecular size of hydrogen relative to methane. 
There are currently no requirements at a provincial, federal or international level to designate hydrogen 
as a greenhouse gas (GHG); however, hydrogen can be considered an indirect greenhouse gas 
(Derwent, 2006). 

When hydrogen leaks into the air, 70-80% is estimated to be removed via soil diffusion and bacteria. 
The remaining 20-30% of hydrogen is oxidized in the atmosphere with naturally occurring hydroxyl (OH-

) radicals which are also responsible for the breakdown of methane in the troposphere. As a result, 
hydrogen emissions will result in a longer atmospheric lifetime for existing methane in the atmosphere, 
as there are less hydroxyl radicals to break down the methane (Ocko, 2022). 

It is important to note that any trace gas in the atmosphere can interact with incoming solar or outgoing 
terrestrial radiation and consequently pose global warming potential (GWP). Trace gases are termed 
as direct GHGs and direct radiatively active gases, or indirect GHGs and indirect radiatively active 
gases; indirect GHGs or indirect radiatively active gases act like their direct counterparts in that their 
presence in the atmosphere disrupts the global distribution of existing GHGs (Warwick, 2022). Natural 
gas (methane) has a GWP of ~21 whereas hydrogen, as an indirect GHG, has a GWP of ~6 (NRCan, 
Global warming potentials, 2019). Moreover, hydrogen is a short-lived atmospheric gas with a lifespan 
of only a few years.  

The injection of hydrogen, with its lower GWP compared to natural gas, into Gazifère’s existing gas 
distribution network, will result in a reduction in both Scope 1 (i.e. leaks and fugitive emissions) and 
Scope 3 (i.e. combustion and end-use) emissions. Clear regulations are needed to properly account 
for carbon intensity, CO2-equivalent reduction and carbon trading credits.  

Ultimately, while hydrogen blending presents an opportunity to decarbonize the existing natural gas 
grid, the need to effectively manage and eliminate Scope 1 emissions must remain a critical 
consideration to the design, construction, operation and maintenance of the network. Improved leak 
detection equipment, enhanced leak management programs and design for leak-tight joints (Sections 
4 and 7) will all play a critical role in enabling Gazifère’s drive to net-zero by 2050.  

 

 

  































































 

CONFIDENTIAL: Please do not forward or distribute this document without express permission.  99 of 100 

References 

Battelle. (2005). Integrity Characteristics of Vintage Pipelines. Columbus: INGAA Foundation. 

BloombergNEF. (2020, Mar 30). Hydrogen Economy Outlook: Key messages. Retrieved from Bloomberg 
Professional Services: https://data.bloomberglp.com/professional/sites/24/BNEF-Hydrogen-Economy-
Outlook-Key-Messages-30-Mar-2020.pdf 

BMT. (2016). Fatigue Considerations for Natural Gas Transmission Pipelines. Kanata: Interstate Natural Gas 
Association of America (INGAA). 

Byrne, N. E. (2022). Assessing the Compatibility of Current Plastic and Elastomeric Materials used within the 
Australian Gas Pipeline Network with Hydrogen-Containing Fuel. 23rd Joint Technical Meeting. 
Edinburgh: EPRG-PRCI-APGA. 

Charles C. Roberts, J. P. (2022, 08 24). WATER PIPE LEAKAGE FROM EROSION-CORROSION. Retrieved 
from Robert Consulting Engineers: http://www.croberts.com/erosion-corrosion.htm 

Cummins. (2019, Feb 21). State of Play and Developments of Power-to-Hydrogen Technologies. Retrieved from 
Hydrogenics: https://etipwind.eu/wp-content/uploads/A2-Hydrogenics_v2.pdf 

Derwent, R. S. (2006). Global Environmental Impacts of the Hydrogen Economy. International Journal of Nuclear 
Hydrogen Production and Applications, 1(1):57-67. 

DNV-GL. (2020). Odor Assessment of Selected Odorants in Hydrogen and natural Gas-Hydrogen Mixtures. Flow 
and Gas Labs. Groningen: DNV-GL. Retrieved from 
https://www.netbeheernederland.nl/_upload/Files/Waterstof_56_410b983c4d.pdf 

H.Barthélémy. (2011). Effects of pressure and purity on the hydrogen embrittlement of steels. International 
Journal of Hydrogen Energy, 2750-2758. 

Haine, S. (2014). Hazard Analysis & Mitigation Report On Aldyl A Polyethylene Gas Pipelines in California. 
California: California Public Utilities Commission. 

Hanji Park, B. M. (2021). Hydrogen Stress Cracking Behaviour in Dissimilar Welded Joints of Duplex Stainless 
Steel and Carbon Steel. metals, 11(1039). 

HyReady. (2022, 08 25). Retrieved from HyReady: https://hyready.org/Special:UserLogin 

J.Song, W. (2014). Mechanisms of hydrogen-enhanced localized plasticity: An atomistic study using a-Fe as a 
model system. Acta Materialia, 61-69. 

Jeroen Wassenaar, P. M. (2020). HDPE PIPE . Altona Victoria, Australia: WHITE PAPER. 

Kim Domptail, S. H. (2020). Emerging Fuels - Hydrogen SOTA Gap Analysis and Future Project Roadmap. 
PRCI. 

Kpemou Apou Martial, P. G. (2022). Safety margin on the ductile to brittle transition temperature after hydrogen 
embrittlement on X65 steel. Procedia Structural Integrity, 35, 254–260. 

Leis, B. (2022, 06 09). Vintage Pipelines. PHMSA R&D Forum. Battelle Pipeline Technology Center. 

Li J, S. Y. (2021). Influences of Hydrogen Blending on the Joule-Thomson Coefficient of Natural Gas. ACS 
Omega, 6(26): 16722–16735. 

MARCOGAZ. (2021). Odorisation of Natural Gas and Hydrogen Mixtures. Brussels: MARCOGAZ. 

Mejia, A. B. (2020). Hydrogen leaks at the same rate as natural gas in typical low-pressure gas infrastructure. 
International Journal of Hydrogen Energy, 45(15). 

Melaina, M. A. (2013). Blending Hydrogen into Natural Gas Pipeline Networks: A Review of Key Issues. Golden: 
National Renewable Energy Laboratory. 



 

CONFIDENTIAL: Please do not forward or distribute this document without express permission.  100 of 

100 

Murugan, A. B. (2020). Hydrogen Odorant and Leak Detection - Part 1, Hydrogen Odorant. London: Hy4Heat. 

NOAA. (2019, Apr 17). Office of Response and Restoration. Retrieved from Overpressure Levels of Concern: 
https://response.restoration.noaa.gov/oil-and-chemical-spills/chemical-spills/resources/overpressure-
levels-concern.html 

NRCan. (2016, Apr 20). Research Gate. Retrieved from 
https://www.researchgate.net/post/What_is_the_environmental_impact_of_1m3_of_natural_gas_used_
for_heating 

NRCan. (2019, Feb 18). Retrieved from Global warming potentials: https://www.canada.ca/en/environment-
climate-change/services/climate-change/greenhouse-gas-emissions/quantification-guidance/global-
warming-potentials.html 

Ocko, I. a. (2022). Climate consequences of hydrogen emissions. Atmospheric Chemistry and Physics, 22: 9349-
9368. 

P. Fassina, F. B. (2012). Influence of hydrogen and low temperature on mechanical behaviour of two pipeline 
steels. Engineering Fracture Mechanics, 81, 43-55. 

Piche, A. (2020). Effects of blended hydrogen enriched natural gas on the microstructure and mechanical 
properties of a X42 steel pipeline and Grade 290 weld. Vancouver: University of British Columbia. 

Proust, C. (20119). Fire and Explosion Safety in Hydrogen Containing Processes : State of the Art and 
Outstanding Questions. 9th International seminar on fire and explosion hazards (pp. 28-40). Saint 
Petersbourg: HAL Open Science. 

Quintino, F. N. (2021). Aspects of Hydrogen and Biomethane Introduction in Natural Gas Infrastructure and 
Equipment. Hydrogen, 2(3), 301-318. 

RBQ. (2022, Oct). Dates d’entrée en vigueur des normes. Retrieved from https://www.rbq.gouv.qc.ca/domaines-
dintervention/gaz/reglementation-applicable/normes/dates-dentree-en-vigueur/ 

RBQ. (2022). Installations à l’hydrogène : exigences spécifiques. Retrieved from Régie du bâtiment du Québec: 
https://www.rbq.gouv.qc.ca/domaines-dintervention/installations-sous-
pression/reglementation/installations-a-lhydrogene-exigences-specifiques/ 

San Marchi, C. (2012). Technical Reference for Hydrogen Compatibility of Materials. Livermore, CA: Sandia 
National Laboratories (SNL). 

Santarelli, J. S. (2019). Risk Analysis of Natural Gas Distribution Pipelines with Respect to Third Party Damage. 
London: Western University. 

Thanh Tuan Nguyen, J. S. (2021). Evaluation of hydrogen related degradation of API X42 pipeline under 
hydrogen/natural gas mixture conditions using small punch test. Theoretical and Applied Fracture 
Mechanics, 113. 

UN/ECE. (2011, May 7). Regulation No 110 of the Economic Commission for Europe of the United Nations. 
Retrieved from Uniform provisions concerning the approval of I. specific components of motor vehicles 
using compressed natural gas (CNG) in their propulsion system; — II. vehicles with regard to the 
installation of specific components of an approved type for the use of : https://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=CELEX%3A42011X0507%2801%29 

Warwick, N. G. (2022). Atmospheric implications of increased Hydrogen use. London: University of Cambridge 
and University of Reading. 

Windmeier, C. &. (2013). Ullmann's Encyclopedia of Industrial Chemistry: Cryogenic Technology. Weeinheim: 
Wiley-VCH Verlag GmbH & Co. KGaA. 

  



 

CONFIDENTIAL: Please do not forward or distribute this document without express permission.  101 of 

100 

Appendix I – Literature Review 
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Appendix II – DNV-GL Engineering Assessment 
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Appendix III – Markham Engineering Assessment 
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