
HYDROGEN -

Teacher Information 

Hydrogen is the most abundant element on Earth, but it is rarely found as a diatomic gas H2. Hydrogen gas 
needs to be produced from other hydrogen containing compounds using a primary source of energy. Many 
different primary energy sources can be used to produced hydrogen, fossil fuels, such as natural gas and coal, 
biomass, non-food crops, nuclear energy, or renewable energy sources such as wind, solar, geothermal and 
hydroelectric power.


Hydrogen can be produced by many different processes, however not all these processes are technologically 
and commercially viable at the present time. 

The more established and mature hydrogen production processes are steam methane reforming, gasification, 
methane pyrolysis and water electrolysis.

From Charnock, S., Temminghoff, M., Srinivasan, V., Burke, N., Munnings, C. & Hartley, P. (2019) Hydrogen Research, 
Development and Demonstration: Technical Repository, CSIRO. Page 25.
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Steam Methane Reforming is an endothermic process where high-temperature steam (700°C–1,000°C) is used 
as the oxidant to produce hydrogen from a methane source, usually natural gas or biogas. Steam reforming can 
also be used to produce hydrogen from other fuels, such as ethanol, propane, or even gasoline.


In the presence of a catalyst, the methane reacts with steam under 3–25 bar pressure to produce hydrogen, 
carbon monoxide, and a relatively small amount of carbon dioxide. Then, in what is called the ‘water-gas shift 
reaction’, the carbon monoxide and steam are reacted using a second catalyst to produce carbon dioxide and 
more hydrogen. Finally, carbon dioxide and other impurities are removed from the gas stream, leaving 
essentially pure hydrogen. 

Animation video clip about the process inside HyGear's Hydrogen Generation System (HGS). HyGear's HGS 
uses the process of Steam Methane Reforming to generate hydrogen on a small-scale. 

Steam Methane Reforming

Comparison of different production methods

https://www.youtube.com/watch?v=eoF2EoFhIJw

https://www.youtube.com/watch?v=eoF2EoFhIJw
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Gasification of coal, or biomass, is a three-step process in which the dry feedstock is partially oxidised before 
the gasification and water gas shift reaction produce hydrogen. 


The initial partial oxidation reacts the hydrocarbons or biomass with limited amounts of oxygen, so they are 
not completely oxidized. This is an exothermic reaction, so it produces some heat as well as some carbon 
dioxide. 


The carbon dioxide is a gasification agent and when it is hot it reacts with the rest of the carbon in the 
feedstock to form carbon monoxide. The gasification reaction is endothermic, so it requires the input of heat 
for the carbon dioxide and the carbon to react.  


The carbon monoxide is then reacted with steam in the presence of a catalyst, in what is called the ‘water-gas 
shift reaction’ to produce carbon dioxide and hydrogen. The hydrogen is then separated from the carbon 
dioxide and purified.

Methane Pyrolysis involves decomposing methane at high temperatures, >500°C, in the absence of oxygen but 
typically in the presence of a catalyst.  The methane decomposition is an endothermic reaction which uses 
heat and natural gas to produce low-CO2 hydrogen and high purity carbon powder. The hydrogen gas produced 
can easily be separated from the carbon powder.  The carbon is a marketable by-product that can be used as 
carbon black in tyres and inks, for activated carbon in water purification and for graphene and nanotubes for 
use in electronics and composites. 

The HAZER® Process

Video

Electrolysis of water is a process that uses an electrical current in an electrolytic cell to induce the 
non-spontaneous chemical reaction that splits water into hydrogen and oxygen. 

Gasification

Methane Pyrolysis

Electrolysis of Water

https://hazergroup.com.au/about/

https://www.youtube.com/watch?v=7C4QUqynGAc&t=165s

An electrolytic cell consists of a DC power supply connected to two noble metal coated electrodes, a cathode 
and an anode, that are separated by an ionically conducting electrolyte.


The electric current sent through the electrolytic cell flows in the form of electrons in the electrodes and as 
ions in the electrolyte causing two sets of reactions to take place at the separate electrodes. 


The electric current splits the water molecules (H2O) into hydrogen (H2) and oxygen (O2) molecules via two half 
reactions at the electrodes with the overall reaction:  

https://hazergroup.com.au/about/
https://www.youtube.com/watch?v=7C4QUqynGAc&t=165s
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Electrolysers are used for the commercial production of hydrogen gas and can range in size from small, 
appliance-size equipment to large-scale production facilities.  In their most basic form, electrolysers contain a 
stack of electrolytic cells within a system that also contains pumps, vents, storage tanks, a power supply, a 
separator and other components. 


The three main types of electrolyser cells used to produce hydrogen by electrolysis of water alkaline 
electrolysers, proton exchange membrane (PEM) electrolysers and solid oxide electrolysers.  The different 
electrolysers function in slightly different ways because of the different electrolytes involved.  

(Charnock, et al., 2019)

Properties of the three main water electrolysers:

Hydrogen Colour Coding

The use of hydrogen does not produce any harmful emissions, so the production process employed determines 
the carbon footprint of the hydrogen produced. The hydrogen produced from renewable or nuclear energy is 
carbon free.  However, currently most of the world’s hydrogen production is through more CO2 intensive 
processes. Industry has proposed the use of colours to reflect the environmental friendliness of the different 
production methods.  Green, pink, yellow, turquoise, grey, blue, brown, gold and, white, used around the world, 
however only green, grey, blue and brown are commonly used in Australia.

Colours as described in The Alchemist, Issue 39 - Hydrogen: Applications in Mining and Metals. (RFC Ambrian Limited, 2021)
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Storage and Transportation

Physical Storage and Transportation Options

Hydrogen’s low density means it is a bulky gas which is difficult to store and transport. How it is stored and 
transported is a crucial component to the advancement of hydrogen applications and utilisations. 


The hydrogen storage and transportation technologies can be broadly classified as physical based or material 
based. The different types of hydrogen storage options each have their own advantages and limitations, and 
some methods are more established than others. More research and development is required to improve the 
energy efficiency of the storage and transportation options for hydrogen. 

Physical storage options are based around hydrogen’s state of matter.  Hydrogen can be compressed in a 
gaseous state then stored and transported under pressure or it can be liquefied like natural gas to increase its 
energy density. 


The most mature options for physical storage are compression via ionic liquids and cryogenic tanks for liquid 
hydrogen.  
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(Charnock, et al., 2019)

Properties of mature physical hydrogen storage options

Technical concerns over using existing gas tanks and pipes to store and distribute hydrogen include:

The potential for hydrogen to embrittle the steel and welds used.


The need to control hydrogen permeation and leaks.


The need for more reliable and more durable hydrogen compression technology.

Therefore, new specialised fibre reinforced polymer (FRP) delivery infrastructure is required to store and 
transport gaseous and liquefied hydrogen.


The onsite hydrogen production and delivery design systems are one option to avoid some of the technical 
issues, reduce costs and improve the energy efficiency of the storage and transport of hydrogen.  Localise 
hydrogen refuelling stations are being developed and trialled at various locations in Australia and around the 
world to produce and deliver hydrogen for use in hydrogen fuel cell vehicles.



7

Compressors are necessary as the hydrogen gas must be compressed for storage and subsequent fuelling of 
vehicles.  The hydrogen can be dispensed direct to vehicles on-site or it can be distributed via trucks as mobile 
refuelling stations.  


To compliment the renewable energy sources some stations may have back up connection to the electrical grid 
or batteries. Some stations will also have an onsite fuel cell that can convert excess hydrogen produced back 
to electricity to the power the station or to charge electric vehicles.

A typical hydrogen refuelling station design includes 5 main components on site: 

renewable electricity generation, wind or solar


an electrolyser 


compressors, 


storage tanks 


hydrogen dispensers
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(Charnock, et al., 2019)

Properties of mature materials-based hydrogen storage options

Material Based Storage and Transportation Options

Material based options require hydrogen to be incorporated into other chemical compounds that can more 
easily be stored and transported. These can use existing supertankers to transport at normal temperature and 
pressures. However, they require processing on delivery before hydrogen can be utilised.


The most mature options for physical storage are ammonia via Haber-Bosch synthesis, liquid organic hydrogen 
carrier: toluene/methylcyclohexane and hydrides: metal (room temperature).
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Utilisation

There are several possible ways that hydrogen can be used in and by Australia, including hydrogen fuelled 
transport, remote area power systems (RAPS), industrial feedstocks, export, electricity grid firming, heat or as 
synthetic fuels.  They all have positive potential but also barriers to their successful application:

(Bruce, et al., 2018)
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Energy Efficiency

An important consideration for the use of hydrogen is the total energy efficiency of the whole process, 
combining the energy efficiency of each step from production, storage, transportation and utilisation.  For 
example, hydrogen use in existing technology fuel cell electric vehicles could have an overall efficiency rate of 
around 30%. 

(From Volkswagen AG. (2019).  Hydrogen or battery? A clear case, until further notice.

https://www.volkswagenag.com/en/news/stories/2019/08/hydrogen-or-battery--that-is-the-question.html#)

https://www.volkswagenag.com/en/news/stories/2019/08/hydrogen-or-battery--that-is-the-question.html#)


Queensland Resources Council - Mining and Energy Education

(07) 3295 9560Level 13 133 Mary St Brisbane, Queensland 4000 (07) 3295 9570 www.oresomeresources.com
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Useful Links

References

This TEDx Talk ‘So, what is all this hot air about Hydrogen?’ by Andrew Clennett from 2018 provides a good 
overview of hydrogen, its history of use and development on technology.

Hydrogen Park - South Australia, is an example of an innovative energy project that produces renewable 
hydrogen gas, blends it with natural gas and supplies to nearby homes via the existing gas network. 

Australian Hydrogen Generation, a subsidiary of Amtronics, is an Australian company which specialises in 
providing hydrogen equipment and installation needs with turnkey solutions – Hydrogen Generation, 
purification, compression, storage and dispensing/refuelling – plus full life-cycle maintenance for the hydrogen 
industry

LAVO™ hydrogen battery system is an Australian innovation that stores hydrogen as metal hydride

The Australia Hydrogen Opportunities Tool (AusH2) provides free access to geoscience data and tools for 
mapping and understanding the potential for hydrogen production in Australia

Embracing clean hydrogen for Australia: How the journey towards decarbonisation can be fuelled by Hydrogen 

Information about energy efficiency of water electrolysis and hydrogen fuel cells can be found in Hydrogen 
Production: Fundamentals and Cas Study Summaries 

Australia’s pathway to $2/kg hydrogen, ARENA. 

“What is renewable 'green' hydrogen gas?” (video)

https://youtu.be/jFYbmTV-itI

https://www.nrel.gov/docs/fy10osti/47302.pdf

https://arena.gov.au/blog/australias-pathway-to-2-per-kg-hydrogen/

https://www.youtube.com/watch?v=fFGT2z82tOM&t=34s

https://www.agig.com.au/hydrogen-park-south-australia

https://h2gen.com.au/

https://lavo.com.au/

https://portal.ga.gov.au/persona/hydrogen
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