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Hydrogen Gas Structure

Hydrogen 𝐻2

Image source: https://byjus.com/chemistry/hydrogen-gas/



Chemical and Thermal Properties 

S.No Properties Values

1. Thermal conductivity 0.1805 W/m K

2. Boiling point 20.4 K

3. Melting point 15.05 K

4. Latent heat of vapourization 447000 J/kg

5. Latent heat of fusion 58000 J/kg

6. Flammable yes

7. Heat of combustion 144000 kJ/kg

Chemical and thermal properties of Hydrogen



Why Hydrogen?



Why Hydrogen?

Hydrogen is a versatile energy carrier and feedstock.

It can be derived primarily by splitting water 
molecules or by reacting fossil fuels with steam or 
controlled amounts of oxygen

While hydrogen has served mostly as an input into a 
range of industrial processes, it has the potential to 
be used across a number of applications 

If produced using low or zero emissions sources, 
(‘clean’) hydrogen can enable deep de-carbonization 
across the energy and industrial sectors.

Applications of hydrogen

Source: (https://www.csiro.au/en/work-with-us/services/consultancy-strategic-advice-services/csiro-futures/futures-reports/hydrogen-roadmap)



Why Hydrogen?

The technologies that underpin the hydrogen value chain can be broadly classified as: 

Production: Technological pathways for generating hydrogen 

Storage and transport: Technologies that store and distribute hydrogen from the point of generation to 
end use 

Utilization: Technologies that allow for hydrogen to be used in the various applications

Hydrogen technology value chain

Source: (https://www.csiro.au/en/work-with-us/services/consultancy-strategic-advice-services/csiro-futures/futures-reports/hydrogen-roadmap)



Colour of Hydrogen



Grey, Blue and Green Hydrogen

Source: (https://newsroom.posco.com/en/posco-to-establish-hydrogen-production-capacity-of-5-million-tons/)



Hydrogen Production Technologies



Production of Hydrogen 

Types of production process:

Electrochemical 

Involves the use of an electrical current to dissociate water into hydrogen and oxygen This 
pathway requires the use of low or zero emissions electricity to produce clean hydrogen 

Thermochemical 

Uses a fossil fuel feedstock to produce hydrogen. This process must be paired with CCS to 
produce clean hydrogen (unless a biomass feedstock is used)



Electrochemical Production Process 

Various technologies for electrolysis are available:

Alkaline Electrolysis (AE) 

Proton Exchange Membrane (PEM) Electrolysis 

Solid Oxide Electrolysis (demonstration stage) 

Anion Exchange Membrane Electrolysis (research in  academia)

Source: (https://arena.gov.au/renewable-energy/hydrogen/)



Alkaline Electrolysis 

Alkaline Electrolysis (AE) :

The schematic representation of alkaline electrolysis is shown below.

Alkaline electrolysis operates with electrodes immersed in a liquid electrolyte (20–40 wt.% KOH), separated by 
a diaphragm. OH− ions pass through  the diaphragm, forming hydrogen at the cathode (Ni or Ni–Mo), and oxygen and 

water at the anode (Ni or Ni–Co).

Source: (www.researchgate.net/publication/281097033_THERMO_economic_analysis_OF_PV_and_hydrogen_gas_turbine_hybrid_power_plant_of_100_MW_power_output/figures?lo=1)



PEM Electrolysis 

Proton Exchange Membrane (PEM) electrolysis:

The schematic representation of PEM electrolysis is shown below.

Source: (https://ptx-hub.org/water-electrolysis-explained/)

In the case of PEM electrolysis protons pass through the membrane 



PEM Electrolysis 

Proton Exchange Membrane (PEM) electrolysis (cont.)

At the cathode (Pt or Pt–Pd), the protons are 
recombined to form hydrogen and at the anode 
(RuO2 or IrO2) protons and oxygen are produced. 

Because of the corrosive acidic condition of the 
membrane, noble metals are used for the electrodes, 
leading to high capital costs for PEM electrolysis. 

Platinum replacements such as molybdenum 
disulphide and phosphides may lower the costs with a 
performance close to platinum. Improving the 
stability of such materials is one of the key research 
focuses.

Source: (https://www.woodmac.com/news/editorial/the-future-for-green-hydrogen/)



Thermochemical Production Process

Thermochemical:

More than 95% of the hydrogen for refinery 
use is nowadays produced via hydrocarbon 
steam reforming.

Depending on the quality of the feedstock 
(natural gas, rich gases, naphtha, etc.), one 
ton of hydrogen produced will also produce 
9 to 12 tons of CO2.

• This process must be paired with CCS to 
produce clean hydrogen.

Source: (https://medium.com/climate-conscious/blue-hydrogen-and-ccus-828fa20feae8)



Steam Reforming 

The steam reforming plant consists of four basic 
sections:

1. The first is feedstock treatment where 
sulphur and other contaminants are 
removed.

2. The second is the steam methane reformer, 
which converts feedstock and steam to 
syngas (mainly hydrogen and carbon 
monoxide) at high temperature (1000oC) and 
moderate pressure (7-10 bar). 

Source: (https://medium.com/climate-conscious/blue-hydrogen-and-ccus-828fa20feae8)



Steam Reforming 

1. The third section is the syngas heat 
recovery and incorporates CO shift 
reactor/s to increase the hydrogen yield.

2. The final section is the raw hydrogen 
purification, in which modern plants 
employ a pressure swing adsorption (PSA) 
unit to achieve the final product purity.



Steam Reforming

The simplified chemical reactions are:

CnH2n+2 + nH2O = nCO + (2n+1)H2 (for saturated hydrocarbons)

CH4 + H2O = CO + 3H2 delta H = +206 kJ/mol (for methane) Endothermic

CO + H2O = CO2 + H2 delta H = - 41 kJ/mol Exothermic

The PSA purification unit removes CO, CO2 and CH4 gases from the hydrogen, by adsorption.

Simplified H2 block flow diagram



CCS for Blue Hydrogen 

The CO2 could be captured from any of these three streams (see figure), with removal efficiency of about 90% 
(from PSA tails gas and from SR flue gas) and up to more than 99%.

CCS is must for the blue hydrogen production



Storage Technologies for Hydrogen



Energy Storage Systems - Strategies

Main Strategies for Energy Storage Systems

• Hydrogen storage – key enabling technology for advancement of hydrogen and fuel cell technologies 
(stationary power, portable power, and transportation). 

• Hydrogen – lightest molecule – has very low density (1 kg of hydrogen gas occupies over 11 m3 at room 
temperature and atm pressure). 

• Hydrogen has the highest energy per mass, but low energy per unit volume (due to low density). 

• Thus, an economic hydrogen storage requires increased storage density. 

• Several methods to store hydrogen at increased density exist which all require some form of energy in terms 
of work such as heat etc.



Physical Storage as Gas

Storage of Hydrogen
On-site hydrogen storage is commonly observed at hydrogen production facilities, transport terminals, and end-use 
locations. 

Hydrogen is generally stored in insulated liquid tanks and gaseous storage tanks, which will be dealt in detail eventually.

The common high-pressure gaseous storage vessels are listed as follows:

− Type 1 – All-metal cylinder

− Type 2 – Load-bearing metal liner hoop wrapped with resin-impregnated continuous filament

− Type 3 – Non-load-bearing metal liner axial and hoop wrapped with resin-impregnated continuous filament

− Type 4 – Non-load-bearing, non-metal liner axial and hoop wrapped with resin-impregnated continuous filament 

• Type 1 cylinders are the most common. Currently Type 3 and Type 4 vessels are expensive in comparison to Type 1 and 
Type 2 vessels, but with cost reductions in carbon fiber and improvised manufacturing methods they could get 
cheaper. 



Physical Storage as Gas

“Tank” for Physical Storage of Hydrogen

Image source: https://www.energy.gov/eere/fuelcells/site-and-bulk-hydrogen-storage



Physical Storage as Liquid

Liquid Hydrogen

Best technique for storing maximum hydrogen in a restricted volume is to convert hydrogen gas to liquid 
hydrogen by cooling it to a very low temperature.

Also, when high-volume transport is needed in the absence of pipelines, hydrogen is most commonly 
transported and delivered as a liquid. 

The energy density of hydrogen can be improved by storing hydrogen in a liquid state.

The storage of hydrogen as liquid involves cooling the hydrogen to cryogenic temperatures through a 
liquefaction process. 



Physical Storage as Liquid

Liquefaction

Liquefaction is done by cooling gaseous hydrogen below −253°C. 

− Once hydrogen is liquefied it can be stored in large insulated tanks. 

Liquefaction consumes more than 30% of the energy content of the hydrogen and is expensive. 

Some amount of stored hydrogen will be lost through evaporation – "boil off" of liquefied hydrogen, especially 
when using small tanks with large surface-to-volume ratios. 



Physical Storage as Liquid

Storage of Hydrogen as Liquids

The most common way to store large quantities of hydrogen is through cryogenic liquid storage tanks (also 
known as dewars).  

Super-insulated pressure vessels at −253°C (pressure no more than 5 bar) are needed to store liquid hydrogen. 

At -252.87°C and 1.013 bar, liquid hydrogen has a density of 71 kg/m3. 

− At this pressure, 5 kg of hydrogen can be stored in a 75-litre tank.



Physical Storage as Liquid

Storage of Hydrogen as Liquids

Despite the quality of the insulation, some hydrogen will boil and the gas accumulates at the top of the tank 
and increases the pressure inside the tank. 

Gaseous hydrogen must be vented from the liquid tank and either released or recompressed by a boil-off 
compressor to be stored as gaseous hydrogen. 

It is also possible to combine liquid hydrogen with a metal hydride, like Fe-Ti, to minimize hydrogen losses 
due to boil-off.

Safety is also another issue with the handling of liquid hydrogen when storing, pressurizing, and cooling the 
element to such extreme temperatures.



Application of Hydrogen Energy



Applications of Hydrogen 

There are a number of potential applications for 
hydrogen across the energy and industrial 
sectors:

• Power generation and storage

• Fuel cell electric vehicles (FCEV)

• Chemical industries

• Liquefaction and export

Source: (https://balticsandbeyond.eu/?p=2054)



Applications of Hydrogen (Power Generation and Storage) 

Power generation and storage:

The primary use for hydrogen in the electricity sector is as an alternative means of energy storage. 
Stored hydrogen may then be used to generate electricity using fuel cell or turbine.

Fuel cell:

An electrochemical cell that combines hydrogen and oxygen to generate an electric current with water as a by-
product. This is the reverse of the electrolysis process.



Applications of Hydrogen (Power Generation and Storage) 

Turbine:

Combustion of hydrogen rich gases to produce steam and subsequently electricity. Relevant systems are 
likely to consist of VRE, electrolysis, storage plus a hydrogen fuel cell and/or turbine. These options are 
illustrated in the figure below.

Source: (www.csiro.au/en/work-with-us/services/consultancy-strategic-advice-services/csiro-futures/futures-reports/hydrogen-roadmap)



Applications of Hydrogen (FCEV) 

Hydrogen-fuelled transport:

Passenger fuel cell electric vehicle (FCEV) consist of an electric drive train powered by a PEM fuel cell stack 
and hydrogen storage tank pressurized to 700 bar. 

These vehicles became commercially available in 2013 and by the end of 2017, 6364 fuel cell cars had been 
sold globally.

FCEVs are more suitable for consumers who travel longer distances (400-600km without refuelling) and 
expect shorter refuelling times.

Currently, a 6 kg tank can allow FCEVs to travel between 500-800kms.



Applications of Hydrogen (FCEV) 

Heavier FCEVs such as trucks and buses, have a much more favorable energy density

A bus can accept 30-40 kg of hydrogen when refuelling as compared with passenger vehicles that take 
between 3-6 kg. 

Heavy vehicles also typically accept hydrogen at 350 bar due to the greater on board storage space 



Applications of Hydrogen (Industrial Feedstock)

Industrial feedstock

The application for clean hydrogen as an industrial feedstock involves the displacement of brown hydrogen 
produced via SMR.

Petrochemical:

Hydrogen is used in the petrochemical industry for two main purposes, hydrotreating and hydrocracking. 

Hydrotreating uses hydrogen gas to catalytically remove Sulphur, nitrogen and other contaminants from 
petrochemicals to create a cleaner fuel. This process is of increasing importance as emission and air quality 
requirements become more stringent globally. 



Applications of Hydrogen (Industrial Feedstock)

Hydrocracking is a process that cracks long chained heavy hydrocarbons like crude oil into unsaturated light 
hydrocarbons. These hydrocarbons are then saturated by adding hydrogen gas to create more valuable 
products like jet fuel, diesel and kerosene.

Treatment for biofuels:

The continued development of a local bio-crude industry could lead to a renewed demand for clean hydrogen 
in this sector.



Applications of Hydrogen (Industrial Feedstock)

Synthetic fuels:

Synthetic fuels are derived from ‘syngas’ and traditionally produced via steam methane reforming and 
coal/biomass gasification.

‘Power-to-liquids’ is another means of producing syngas via the reaction of hydrogen gas (produced via 
electrolysis) with CO2 (i.e. reverse water-gas shift reaction). CO2 would likely be sourced as a waste stream from 
fossil fuel processes, thereby allowing for a reduction in lifecycle emissions.



Applications of Hydrogen (Industrial Feedstock)

Chemicals:

Ammonia

Renewable ammonia (i.e. ammonia derived from clean hydrogen) can be used in the fertilizer and chemicals 
markets

Ammonia can be both a hydrogen carrier or an input to a high temperature fuel cell or turbine

Methanol

The production of methanol and its derivatives relies on the conversion of syngas

Renewable methanol can be synthesized through hydrogenation of CO2



Applications of Hydrogen (Industrial Feedstock)

Olefins:

Olefins are used as a feedstock in the production of various products such as plastics, fibres and other 
chemicals. In an alternative to the standard steam cracking process, the production of olefins can occur 
through hydrogenation of CO2 in the presence of specific catalysts. This reduces the dependence on 
hydrocarbons and could create additional demand for hydrogen.



Applications of Hydrogen (Industrial Feedstock)

Food:

Through catalytic hydrogenation, hydrogen can be used to harden oil to produce margarines and other 
semisolid fats like shortening which is used in baking. 

Hydrogenation helps prevent oxidation and provides thermal stability for the product. 

Margarine producers utilize on-site hydrogen production through small scale SMR or electrolysers. 



Applications of Hydrogen (Industrial Feedstock)

Glass manufacturing:

Hydrogen plays an important role in glass manufacturing, where in combination with nitrogen it is used to 
provide an atmosphere that prevents oxidation to help minimize flaws in the glass. 

Australia’s glass and glass product manufacturing industry is worth an estimated $3.6bn, with approximately 
50% of that market dedicated to float and architectural glass which require hydrogen as part of their 
production processes.



Applications of Hydrogen (Industrial Feedstock)

Metals processing (Steel):

Steel production could become a significant application for hydrogen.

The transition from iron ore to steel relies heavily on its reaction with coking coal inside a blast furnace. This 
allows for the reduction (removal of oxygen) of the ore. 

A similar reduction reaction can occur using hydrogen (a reducing agent) with the resulting ‘directly reduced 
iron’ then placed in an electric arc blast furnace to produce steel. 

Although unlikely to occur before 2030 due to the current technology maturity.



Interested in learning more about Hydrogen?

Professional Certificate of Competency in 
Hydrogen Energy – Production, Delivery, 
Storage, and Use (3 months, live and online)

This course is designed for engineers and 
professionals who are interested in working within the 
developing multi-billion dollar Hydrogen Industry. It 
will benefit people who are interested in 
understanding how hydrogen is produced, stored, and 
utilized for energy applications. It is also designed for 
students who are interested in this exciting industry 
and want to understand how we can create a 
sustainable future with hydrogen technologies.

https://www.eit.edu.au/courses/professional-
certificate-of-competency-in-hydrogen-energy-
production-delivery-storage-and-use/

CRICOS Provider Number: 03567C | Higher Education 
Provider Number: 14008 | RTO Provider Number: 51971

https://www.eit.edu.au/courses/professional-certificate-of-competency-in-hydrogen-energy-production-delivery-storage-and-use/


Upcoming Webinars

Upcoming webinars: www.eit.edu.au/news-events/events/

http://www.eit.edu.au/news-events/events/


Course Type Intakes/start date

Professional Certificate of Competency courses (short courses) Throughout the year

Diploma & Advanced Diploma courses Throughout the year

Undergraduate Certificates 13 February 2023

Bachelor of Science degrees 13 February 2023

Graduate Certificates 2 January 2023

Master of Engineering degrees 2 January 2023

Doctor of Engineering 13 February 2023

On Campus Bachelor’s, Master’s and Doctor of Engineering programs 20 February 2023

See our full course schedule here: www.eit.edu.au/schedule/

Upcoming EIT Courses

We have a range of courses in Civil, Electrical, Mechanical and Industrial Automation Engineering. 

https://www.eit.edu.au/schedule/


To receive your digital certificate of attendance for participating in this 
webinar, please fill out the form and survey here (or scan the QR Code):

Certificate of Attendance

Please note that Certificate of Attendances will be sent out in the next 1-2 business days.

qrco.de/bdGxl6 

https://qrco.de/bdGxl6
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