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 Introduction 

Access to affordable and abundant energy can drive economic development and enable a higher 

quality of life. Modernization of society requires energy. Figure 1-1 depicts projections for future 

global primary energy demands until 2040 by the Energy Transition Commission (IEA, 2018). 

Energy consumption per capita has increased 62% globally since 1965, whereas, for North 

America, the increase is 19% (Hannah Ritchie, 2020). Figure 1-2 shows per-capita energy 

consumption for different regions of the world. The International Energy Agency (IEA) forecasts 

demand will increase to 16.2 gigatonnes of oil equivalent (Gtoe) by 2030 (IEA, 2018).   Though 

traditional fossil energy sources (coal, gas, oil, etc.) currently play substantial roles in the global 

energy sector, environmental issues such as air pollution, global warming and climate change 

have gained significant attention. The combustion of fossil fuel, the emissions of carbon dioxide 

(CO2), and other greenhouse gases (GHG) are identified as the primary reasons for these issues 

(Guoping Hu, 2020). A study by Chu, Cui, and Liu exhibits that the GHG level in the atmosphere is 

more than 480 ppm (Chu, 2017) [4], which is approximately 50% higher than the pre-industrial level 

(Betts, 2021) . As a result, the existing energy sector will be required to achieve significant reductions 

in carbon emissions to mitigate the effects of climate change. Hydrogen presents a pathway to 

decarbonize portions of the economy and hard-to-abate sectors. Utilizing existing infrastructure 

(such as through blending of hydrogen into the existing natural gas network) can allow for more 

widespread adoption of hydrogen by inducing the requisite demand to underpin future projects. 
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Figure 1-1: Global primary energy demand (new policies scenario) in 2015, 2017, and 
forecasted until 2040. Mtoe: million tonnes of oil equivalent (IEA, 2018) 
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Figure 1-3: Global Hydrogen activity (NRCAN, 2020) 

 

Figure 1-4: Provincial roadmaps towards low-carbon energy (NRCAN, 2020) 

Hydrogen and natural gas blending technology are still at the early stages of development. 

Hydrogen compatibility of existing pipeline, station and end-user assets is not well defined. The 
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addition of small concentrations of hydrogen may demand major modification to structural and 

equipment materials, design, and maintenance of the system (Ez-Zaki, 2020), (Thanh Tuan Nguyen N. 

T., 2020); hence, a case-by-case engineering assessment is necessary to introduce hydrogen-

blended natural gas to any network. Research studies are being carried out around the world for 

a better understanding of the requirements for operating a safe, affordable and reliable hydrogen-

natural gas blended grid.  

This literature review was conducted to summarize the latest state of research and development 

on blended hydrogen-natural gas based on publicly available data and aims to:  

• Identify technical knowledge gaps and opportunities  

• Examine primary failure mechanisms for hydrogen in metallic and non-metallic piping 

• Review basic fluid characteristics of blended hydrogen-natural gas mixtures 

• Present regulatory, financial, economic and technological challenges and opportunities 

• Summarize the theoretical hydrogen blending capability of existing natural gas assets 

• Discuss known blended hydrogen-natural gas projects around the world 
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 Knowledge Gaps & 

Opportunities 

Existing gas distribution assets were designed and manufactured for natural gas transportation, 

and their hydrogen compatibility is not well established. Hence, incorporating hydrogen-blended 

natural gas may entail challenges, such as material sensitivities, asset lifetime evaluation, 

economic concerns, regulatory modifications, etc.. Areas of the gas distribution system affected 

by hydrogen injection are discussed below.    

2.1 Asset Capability 

It is established that hydrogen can potentially modify the material’s properties. In the gas 

distribution system, the primary transportation media are steel and polyethylene (PE) pipes. If 

blended gas (hydrogen + NG) is introduced to the existing network, hydrogen can permeate 

through steel, make the material brittle, and cause an effect known as hydrogen embrittlement 

(see Section 3). In addition, hydrogen may alter the pipeline steel’s properties, specifically the 

microstructure, mechanical properties, fracture, and fatigue properties. On the other hand, in PE 

pipe transportation, the gas leakage rate is higher due to lower molecular weight and higher 

diffusivity of hydrogen. Other asset materials also pose either leakage risk or vulnerability to 

material degradation when exposed to hydrogen. The effect of hydrogen on the properties of the 

material are as follows: 

2.1.1 Effect of Hydrogen on Material Properties 

Due to its very small size, hydrogen can enter and escape through the material body (permeation 

and diffusion) and change its properties. The significant factors responsible for this are (a) 

permeability, (b) diffusivity, and (c) solubility. Permeability is the rate at which gas enters 

(permeates) through a metallic or polymeric body. The hydrogen permeation coefficient is the 

measure of the ability of hydrogen to permeate through a specific membrane (Asuka Suzuki, 2020). 

The higher the permeation coefficient number, the greater the chance that hydrogen will permeate 

through the body and modify the mechanical and metallurgical properties of the material. Diffusion 

can be defined as the transportation of the hydrogen atom through the metal lattice. For metal, 

the hydrogen atom permeates through the metal body and is then randomly distributed among 
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the metal atoms (Fallahmohammadi, 2011). The diffusible hydrogen can be trapped in structural 

defects or form hydride phases.   

The total amount of hydrogen inside the material (trapped and normal site) can be referred to as 

hydrogen solubility (Y. Matsumoto, 2014). When exposed to the metal surface, hydrogen dissociates 

into atoms, enters the metal surface, is transported through the metal body, and is trapped in the 

lattice or forms hydrides. The partial pressure of the trapped hydrogen makes the material brittle, 

modifies material properties, and could potentially cause failure. The entire phenomena can be 

described collectively by permeation, diffusion, and solubility of hydrogen  (San Marchi, 2012). 

However, it is important to note that, operating temperature and pressure have a significant impact 

on hydrogen degradation and potential for leakage. 

Numerous research works have been carried out to evaluate the effect of hydrogen on the 

mechanical properties of structural and alloy steels (San Marchi, 2012), (Thanh Tuan Nguyen J. P., 2020), 

(Thanh Tuan Nguyen J. S., 2021), (Michler T, 2021), (Piche, 2020), (Bo Meng, 2017), (I.M. Dmytrakh, 2015), (Brian 

Somerday, 2008), (Hanneken, 1999). Though there are a few contradictory reports (V.G. Gavriljuk, 2003), 

(W. Godoi, 2003), the general effect of hydrogen on materials is well established. 

2.1.2 Tensile Properties 

Hydrogen is not expected to exhibit any significant effect on the yield strength (YS) and the 

ultimate tensile strength (UTS) of a material based on recent studies (San Marchi, 2012), (Thanh Tuan 

Nguyen J. P., 2020), (Thanh Tuan Nguyen J. S., 2021), (Michler T, 2021), (Piche, 2020), (Bo Meng, 2017), (I.M. 

Dmytrakh, 2015), (Brian Somerday, 2008), (Hanneken, 1999). However, ductility, fracture toughness, and 

reduction of area at the fractured zone may be affected because of hydrogen exposure (Thanh 

Tuan Nguyen N. T., 2020).Figure 2-1 shows the comparison of test results from Sandia National 

Laboratory for an air/inert environment and hydrogen (San Marchi, 2012). 
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(a) 

 

(b) 

 

(c) 

 

(d) 

Figure 2-4 Average tensile properties for specimens of Grade 290 welded material for 
ten blended conditions; (a) YS, (b) UTS, (c) %RA, and (d) %elongation (Piche, 

2020). 

 

2.1.3 Fracture Mechanics 

The material’s ability to resist the propagation of a pre-existing crack can be referred to as fracture 

toughness. Fracture toughness indicates whether the fracture mode will be ductile or brittle. A 

material with high fracture toughness is prone to ductile failure and vice versa. The fracture 

toughness mechanism of steel is complex; however, it depends on pre-existing flaws in the 

material (cracks, voids, metallurgical inclusions, weld defects, discontinuities, etc.). 

Fracture toughness and crack-propagation resistance of steel is reduced in the presence of 

hydrogen. The concentration of hydrogen at pre-existing cracks is the driving force for crack 

propagation. In addition, higher temperature and pressure increase the diffusion coefficient of 

hydrogen in the steel lattice, which reduces fracture toughness (San Marchi, 2012), (Gallon, 2020), and 

increases stress at the crack tip. Figure 2-5 shows the effects of pressure on fracture toughness 

of X52 and A516 steel reported by Somerday and Marchi. Their report shows approximately 31-

87% fracture toughness reduction for carbon and HSLA steel in gaseous hydrogen (San Marchi, 
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2012). Other studies reported a ~30-70% reduction in toughness due to the presence of hydrogen 

(Müller-Syring, 2009), (Barthélémy, 2009).  

 

Figure 2-5 Fracture toughness reduction of carbon steel due to increasing pressure 
(San Marchi, 2012). 

It is interesting to note that hydrogen does not show any significant effect on Charpy energy (Li, 

2016). As a result, according to a Sandia report, impact toughness property and fracture toughness 

correlations are not appropriate for understanding of hydrogen-assisted fractures (San Marchi, 2012).   

In brief, hydrogen is expected to decrease the fracture toughness of steel; however, the 

magnitude of this reduction is not clear.  

2.1.4 Fatigue Properties 

Initiation and propagation of cracks due to cyclic loading is referred to as fatigue. Fatigue failures 

start from a discontinuity or crack in the material. The first stage of fatigue is crack initiation when 

the load exceeds the tensile strength of the material. Initially, stresses are concentrated at the tip 

of the crack. As a result, the crack propagates in  stages during the fatigue cycle and eventually 

ruptures the material.  

For a natural gas distribution system, pressure fluctuations in the pipeline during gas 

transportation are the most probable source of fatigue crack initiation along with external loadings 
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from road crossings for example. Evaluation of fatigue properties of the material is particularly 

significant given the severity of the failure mode (Bo Meng, 2017), (Mohsen Dadfarnia, 2019). Alvaro et 

al. reported an approximately 76 times higher crack growth rate for X70 steel for in-situ 

electrochemical hydrogen charging condition compared to testing in air. This indicates the severity 

of time-dependent hydrogen-induced degradation. The severity can be explained by the 

evaluation of the fracture-surface microstructure. Post-mortem of the failed samples showed the 

presence of brittle quasi-cleavage-type fracture (Antonio Alvaro, 2019). In brief, hydrogen may change 

the fracture mode from ductile to brittle, and this transition increases the crack growth rate. 

Nguyen et al. reported similar fracture mode changes for X42 and X70 steel due to the presence 

of hydrogen (Thanh Tuan Nguyen N. T., 2020), (Thanh Tuan Nguyen J. S., 2021). In their study, they observed 

two active fracture modes during the small punch test: ductile and quasi-cleavage (brittle). With 

increasing %H2, they reported fracture mode changes towards more brittle fracture, and the 

number of crack initiation sites also increased remarkably. Figure 2-6 shows the change of 

fracture mode and cracks of X42 steel with increasing hydrogen concentrations (Thanh Tuan Nguyen 

N. T., 2020).  It should be noted that this appears to be a time-dependent failure mode. Hence, 

%brittle fracture will likely increase with exposure time. Austin Piche performed fracture-surface 

evaluation for different exposure times and found that the percentage of brittle fractures increases 

with longer exposure time. Figure 2-7 shows the increasing percentage of brittle area of an X42 

steel sample for a specific hydrogen concentration and different exposure times; however, the 

weld zone showed different behaviour with no rising brittle area (Figure 2-8). The internal, induced 

partial pressure was 60 psig for these experiments (Piche, 2020).  An et al. used a different hydrogen 

partial pressure of approximately 88 psig for their fatigue test on X80 steel, and their study showed 

a reduced fatigue life cycle with increasing hydrogen partial pressure (Teng An, 2017). Another study 

by the National Renewable Energy Lab (NREL) stated that accelerated fatigue crack growth is 

more severe at ambient temperature compared to elevated temperatures. The study also 

mentions that the presence of hydrogen reduces the cyclic stress intensity factor (ΔK) and fatigue 

life (M. W. Melaina, 2013).  
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Figure 2-6 Effect of H2 on the fracture mode of steel (Thanh Tuan Nguyen J. S., 2021) 

 

Figure 2-7 Brittle area percentage of X42 pipe sample for different hydrogen-enrichment 
conditions (Piche, 2020)  
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• Hydrogen does not show any significant effect on the tensile properties of PE pipe; 

however, elevated temperature and pressure may induce plasticizing effects followed by 

modified mechanical properties. Note that hydrogen does not cause embrittlement of PE 

pipes like metals as hydrogen does not dissociate at the PE surface like it is known to do 

in metals. In summary, hydrogen is inert to PE pipes; however, the effects of hydrogen on 

PE materials at high temperatures and pressures require further investigation (ASTM 

International, 2021). 

 The melting, softening, and glass-transition temperature of polymers are affected by the 

operating pressure and temperature of the system. Operating pressure and temperature 

in hydrogen service need to be carefully monitored (ASTM International, 2021);  

 

• It is reported that the tensile properties of polymers are affected by the operating pressure 

and the temperature of the service environment; however, recent studies suggested 

hydrogen does not exhibit any significant effect on the tensile properties of PE pipe up to 

10 MPa pressure after a long period of hydrogen exposure (Castagnet, 2010), (Sylvie Castagnet, 

2012), (S. Castagnet, 2011). 

• Hydrogen can slowly move through polymers and can be characterized by two 

thermodynamic properties: diffusivity and solubility. Diffusivity indicates the movement 

rate of hydrogen through the material, and solubility describes the amount of hydrogen 

contained within the material. Permeability is the product of these two properties. The 

solubility of hydrogen in PE is very low. Though diffusivity and permeability are also low, 

it is affected significantly by increasing temperature and pressure. Both properties exhibit 

a higher permeation rate with increasing temperature. Due to the relatively low solubility 

of hydrogen in polymers, fracture toughness and fatigue failure do not pose a significant 

concern for PE materials in blended hydrogen service. The effect of temperature on 

permeability and diffusivity is presented in Figure 2-9: 
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(a) 

 

(b) 

Figure 2-9 Temperature dependence of hydrogen (a) permeability, and (b) diffusivity of 
several polymer materials (Amerongen, 1951). 
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Fig-7.1: Schematic for hydrogen embrittlement process (Zhang, 2020), (The Metallurgy's Blog for 

Beginners, 2022).  

Though no single mechanism can explain the embrittlement phenomenon universally, the 

combination of different mechanisms is used to explain hydrogen embrittlement for each specific 

scenario. Current postulated mechanisms are discussed below: 

3.1.1 Hydrogen-Enhanced Decohesion (HEDE) Model 

According to the hydrogen-enhanced decohesion (HEDE) theory, H+ atoms gather at locations of 

high triaxial stress and lead to weakening of bonds of metal atoms followed by fracture. The 

hydrogen atoms segregate at the grain interface and weaken the metal-metal bond leading to 

decohesion. When the applied stress is greater than the cohesive strength along with the 

interface, cracks initiate in the matrix or existing cracks start to propagate. This model is 

categorized as a smooth brittle fracture with limited plasticity (Piche, 2020). 

3.1.2 Hydrogen-Enhanced Localized Plasticity (HELP) Model 

The hydrogen-enhanced localized plasticity (HELP) model suggests that the hydrogen atom 

attached to existing dislocations inside the metal reduces interferences for dislocation movement. 

The moving dislocations enhance localized plasticity of the material which gives rise to the name 

hydrogen-enhanced localized plasticity. The coalescence of these moving dislocations initiates 

cracks or favours the propagation of an existing crack. (Piche, 2020). 

3.1.3 Adsorption-Induced Dislocation Emission (AIDE) Model 

In this mechanism, hydrogen adsorption causes weakening of the interatomic bonds over several 

atomic distances. This process involves the following: 

(i) Nucleation and increasing movement of dislocations away from the crack tip 

(ii) Nucleation and propagation of micro-voids 

Void formation contributes to crack growth, resharpens the crack tip opening angle, and increases 

crack growth (Lynch, 2012).   

Figure 3-1 explains the HEDE, HELP and AIDE embrittlement mechanisms. 
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(a) 

 

 

 

 

(b) 

Figure 3-1 Hydrogen embrittlement mechanism (a) HEDE and HELP, (b) AIDE (Lynch, 

2012)  

 

3.2 Fatigue Crack Growth in Steel 

Material failure under cyclic loading at lower stress than the tensile strength of a material is known 

as fatigue. Fatigue is a concern in steel pipelines transporting natural gas due to pressure 

fluctuations. Studies suggest that fatigue could be the most probable cause for failure of a pipeline 

carrying hydrogen-NG blended gas (Bo Meng, 2017), (Mohsen Dadfarnia, 2019). Fatigue failure is 

primarily associated with nucleation and growth of microcracks until a final, unstable fracture. 

Fatigue crack growth rate includes three distinguishable regimes which are: 

Stage I – threshold regime 

Stage II – Paris regime 

Stage III – final fracture 
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Stage I corresponds to the formation of a crack at a particular stress intensity factor (∆K). Crack 

growth is not visible if ∆K is less than the threshold value, ∆Kth.  

Stage II exhibits a moderate fatigue-crack growth rate (Huan Li, 2018) and can be described by the 

following equation known as the Paris law (the most extensively used model for predicting fatigue 

crack growth) (Huan Li, 2018): 

𝑑𝑎

𝑑𝑁
= 𝐶(∆𝐾)𝑚 

Where, 

 
𝑑𝑎

𝑑𝑁
 = crack growth per cycle 

∆K = stress intensity factor 

C & m = material coefficients, obtained experimentally 

Stage III corresponds to an accelerated crack growth rate and ultimate failure by rupture (Huan Li, 

2018). 

The crack growth rate of the three different stages is illustrated by the following figure: 
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Figure 3-2 Typical regimes for fatigue-crack growth rate as a function of the stress 
intensity factor for metallic materials (Huan Li, 2018). 

Hydrogen reduces fracture toughness of steel and enhances the crack propagation rate. The 

presence of hydrogen increases the brittle area of the metal matrix and makes it vulnerable to 

fatigue failure; hence, susceptibility and resistance to fatigue for affected material need to be 

carefully assessed before incorporating hydrogen into a system. 

3.3 Corrosion 

Corrosion is the degradation of metal due to an electrochemical reaction with the surrounding 

environment. This deterioration mode gradually creates metal loss by oxidation creating rust. The 

loss of material reduces the strength of the material and may cause failure in certain conditions – 

typically in the form of leaks. When corrosion occurs on the internal surface of a pipe, it is referred 

to as internal corrosion and results in localized metal loss to the inner pipe wall. The material loss 

can eventually develop into pinholes that fail by leakage or rupture. If this damage is left untreated, 

the pipe may become more susceptible to overpressure events, geological variations, and 



 

32 
 

external stresses (Pipeline & Hazardous Materials Safety Administration, 2018). Corrosion reactions 

are a source for generating a hydrogen ion which can easily permeate through the pipe wall. This 

hydrogen ion then combines to create molecular hydrogen (H2), and in doing so, the reaction 

creates localized pressures and stresses that may provide a preferential site for crack formation, 

initiation and growth. Corrosion defects such as cracks, pits, etc., provide entrapment sites for 

hydrogen and increase the localized concentration of hydrogen and may eventually lead to brittle 

fracture  (Wenyao Li, 2021). 

3.4 Leakage Rate through Materials 

Though PE pipe is inert to hydrogen, a concern is the permeation of hydrogen through pipe 

bodies, seals, and connections. The smaller kinetic diameter of hydrogen (2.89 Å) compared to 

methane (3.80 Å) results in increased permeation rates for hydrogen compared to methane. For 

example, one study measured approximately double the permeation coefficient value for 

hydrogen (127 ml mm m-2 bara-1 day-1) compared to methane (56 ml mm m-2 bara-1 day-1) 

(Kim Domptail, 2020). NaturalHy & NREL technical assessment reported a four to five times higher 

permeation rate of hydrogen through PE pipes compared to methane. Another study reported a 

similar leakage rate (Dries Haeseldonckx, 2007). It is important to note that though the permeation 

coefficient of most sealing materials is higher than the PE pipe body, the leakage rate is higher 

through pipe body due to the large surface area; however, permeation decreases with increasing 

PE density and reduced operating pressure. Hence, HDPE pipes are expected to exhibit lower 

permeation compared to MDPE pipes (no reference testing data available). 

A calculation for the Dutch pipeline system suggested an approximately 0.00005% leakage rate 

for a 17% hydrogen-blended natural gas distribution system. The study used an experimentally 

derived modified permeation coefficient (M. W. Melaina, 2013).Another study reported a 0.00005-

0.001% leakage rate of the total transported volume (Dries Haeseldonckx, 2007). NaturalHy concluded 

that 30% hydrogen can be added to low-pressure systems without significantly increasing leakage 

risk or requiring additional mitigation measures (M. Schmidt, 2019). An NREL simulation computed 

that a 20% hydrogen blend within the approximately 415,000 miles of PE pipes in the United 

States would result in a gas loss of about 43 million ft3/ year, with about 60% of the losses being 

hydrogen and 40% being natural gas. The estimated volumetric loss is approximately double 

compared to 100% natural gas transportation. 

Leakage rate through the pipe body for steel pipe is not a significant concern. A recent study 

reported the leakage rate of NG, H2, and NG-H2 blended gas is almost identical for a low-
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pressure system. However, the odorant used for NG may not be sufficient to detect H2 leaks due 

to the lower molecular weight of hydrogen (Alejandra Hormaza Mejia, 2020). 

Another study at SoCalGas facilities (simulated leak environment) on leakage rate shows that the 

leakage rate is almost identical at lower gauge pressure. Figure 3-3 shows the summary of that 

experiment: 

 

Figure 3-3 Leak down test at 471 KPa (68.3 PSI) (Alejandra Hormaza Mejia, 2020) 

For steel pipes, Austin R. Baird et. al concluded that at lower pressure and with lower hydrogen 

concentration, the leakage rate is similar for both pure hydrogen & natural gas; however, with 

increasing hydrogen concentration, the total volumetric leakage rate increases indicating 

hydrogen exhibits a higher leak rate compared to natural gas (Austin R. Baird, 2021). The volumetric 

outflow (leakage) rate of pure or blended hydrogen from polymeric materials or mechanical 

connections is dependent on factors such as material permeability, internal operating pressure, 

hydrogen partial pressure, temperature, joint tightness, etc. 
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 Blended Gas 

Characteristics 

Natural gas and hydrogen have significant differences in terms of gas properties. Typical 

natural gas composition is usually mostly methane and a smaller amount of ethane, propane 

and butane along with other trace constituents. A small amount of other higher-order 

hydrocarbons and gases may also be present depending on the source of the natural gas. 

The molecular mass and heating value of these gases are higher than hydrogen; hence, 

hydrogen-blended natural gas exhibits different characteristics from natural gas based on the 

blend ratio and environmental conditions. The differences are discussed below: 

4.1 Natural Gas and Hydrogen Gas Comparison 

Methane (CH4) is the primary component of natural gas with a lower concentration of other 

heavier hydrocarbons and few non-hydrocarbon gases. The purity of hydrogen will differ 

depending on the production source. The following table exhibits gas properties under 

ambient environmental conditions for pure methane and pure hydrogen gas:  
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variability in ground temperature. Given previously suggested relationships between outflow 

rate and temperature, leakage behaviour will be different and inhomogeneous for a blended 

gas as hydrogen is much lighter compared to natural gas. Mohsen et. al studied the 

temperature profile of a buried pipeline, and their results are presented in Figure 4-1 (Austin R. 

Baird, 2021). 

  

Figure 4-1 Pipeline temperature profile vs distance for summer and winter (Austin R. 

Baird, 2021). 

A difference in temperature may arise for long sections of pipeline due to heat transfer with the 

surrounding soil, depth in relation to the frost line, and presence of heat sources (compressor, 

heaters, etc.); this could lead to a non-uniform permeation rate within a piping system. This effect 

could be more pronounced with a higher %H2 blend (partial pressure) and increasing pipe length. 

4.3 Dispersion Behaviour of Hydrogen and Methane 

The molecular weight of hydrogen is lighter than methane. As a result, hydrogen has a higher 

dispersion rate than methane. Research has been conducted to study the dispersion 

characteristics of blended hydrogen-natural gas mixtures in air. In one study, researchers used a 

25 m3 enclosed test cell to represent an enclosed room and added sensors in several locations 

to measure the localized H2 and CH4 composition. Figure 4-2 shows the test cell and sensor 

positions. 
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Figure 4-2 Gas dispersion analysis test cells with sensor positions (Marangon, 2014)  

The study tested two different blended gas mixtures: (i) 30% H2+70% CH4, (ii) 10% H2+90% CH4 

that showed different dispersion behaviour based on the hydrogen to methane ratio. The top 

section of the enclosure revealed higher hydrogen gas concentration compared to the bottom 

portion of the test cell.  

In brief, the blended gas composition was not found to be homogeneous throughout the test cell 

due to the different dispersion behaviour of H2 and CH4 (Marangon, 2014). The probable reason may 

be the faster vertical movement of the blended gas with higher %H2 compared to methane (Austin 

R. Baird, 2021). Figure 4-3 shows the gas composition (%H2) found at different sensors in the cell. 
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(a) 

 

(b) 

Figure 4-3 The %H2 reading at different sensors of the test cell (a) 30% H2+70% CH4, (b) 
10% H2+90% CH4 (Marangon, 2014)  

 

Dispersion characteristics are not independent but can vary with many factors such as 

temperature (Austin R. Baird, 2021), leak size, pressure, ambient conditions and ventilation.  

4.4 Risk Assessments 

Global interest in hydrogen and hydrogen blending as a green energy carrier has led to a multitude 

of research, pilot projects and studies on material impacts, safety and risk topics. 

This section presents some of those findings available publicly at the time of writing.  

Safety risks of transporting gaseous hydrogen are generally comparable to those of natural gas. 

Hydrogen is lighter than air and natural gas so it rises and disperses faster than methane when 

released into the atmosphere. Hydrogen’s explosive range is between 4% (LEL) and 75% (UEL) 

which is much wider than natural gas (5-15%) so hydrogen needs much less air to burn.  

Hydrogen burns quickly back to the source and a hydrogen fire will radiate significantly less heat 
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 Codes, Standards, 

Policies and 

Regulations 

There are many projects focusing on hydrogen blending with natural gas around the globe; 

however, there is a lack of comprehensive standards, long-term policies, and a consistent 

regulatory framework in Canada in contrast to long-established natural gas transportation. The 

existing policies are not consistent across regions, and some projects may require a patch-work 

approach that slows down the design, approvals and implementation process. The absence of 

policies and regulations may act as a barrier to achieving the 2050 net-zero goals for the energy 

sector. It is important to note that hydrogen is a new and developing sector in Canada. Hence, 

existing codes and standards may not adequately address the needs of proposed and existing 

hydrogen blending initiatives. More cohesive national and provincial codes, standards, policies, 

and regulations are needed to support hydrogen blending as a means of decarbonizing the energy 

sector. 
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of hydrogen in the H2-NG mixture. It is particularly significant when a blended 

odourant (mixture of two or more different odourants) is used. Another concern is 

meeting the regulatory requirements for odourants used in natural gas distribution 

systems. Based on current European regulations, natural gas should be readily 

detectable by odour at a concentration of 20-25% of the LEL. Since the LELs of 

hydrogen and natural gas are very similar, it is not expected to be an issue for 

blended gas.  

- Odourant masking: There is no significant evidence found on this issue. 

- Odourant measurement:  No measurement issues were reported for gas 

chromatograph applications; however, odourant measurement using chemical 

sensors might be affected due to the presence of hydrogen. 

In Germany, several hydrogen blending projects use THT, mercaptan, TBM, and mixtures 

thereof as odourants, and no significant issues were reported thus far. The German 

National Committee indicated that odourants specified in ISO 13734 should work for 

hydrogen-NG blended mixtures. In Italy, a confidential study showed that mercaptans 

worked without any reported issues with historical manufactured gas, which had 

approximately 28-50% hydrogen. In the Netherlands, DNV and SGS Nederland tested 

three different types of odourants (THT, Spotleak 1001® (TBM+DMS 80:20), and 

Gasodor® S-Free) on different blended hydrogen gas compositions and pure hydrogen. 

Their analysis showed no significant effects on the odourant system due to the addition of 

hydrogen. Hence, the study indicates tested odourants can be used for blended gases 

and pure hydrogen. In England, Hy4Heat tested five odourants and concluded all are fit 

to use in a 100% hydrogen gas distribution grid for combustion applications; however, 

further evaluation is required for use in fuel cells and fuel cell vehicles (Arul Murugan, 2020). 

The composition of the odourants and their testing results are summarized in the tables 

below: 
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 Existing and Upcoming 
Hydrogen Projects 

There are many hydrogen projects proposed, in development or operational around the world. This 

section presents a high-level summary of known projects. As this is a rapidly evolving field, this should 

not be construed as a complete listing of all hydrogen-related projects.    

7.1 Projects Around the Globe 

The following table shows some of the known hydrogen projects announced since 2015. The data were 

collected from the IEA database.
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Figure 7-1 presents a list of pilot projects announced by utilities in the United States. 

 

(a)
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(b) 

Figure 7-1 List of pilot projects announced by the natural gas utility operators in USA 
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