


HYDROGEN CHEAT SHEET

Hydrogen'’s future significance in energy lies in its
versatile role as a clean energy carrier, helping enable
decarbonisation across challenging sectors.

[t will help provide versatile energy storage and will benefit
from ongoing technological advancements to foster a
sustainable and resilient energy landscape.

Hydrogen will play an important role in energy, fuel
cells, transportation, industrial processes, and chemical
production.

KEY VECTORS
HYDROGEN (H))

- Hydrogen is the lightest and simplest chemical element.

- Itis commonly formed through natural gas reforming or
water electrolysis.

- There are diverse applications including: use as a fuel in
fuel cells for vehicles, as a reducing agent in industrial
processes, and as a component in ammonia and other
related vectors.

AMMONIA (NH,)

- Ammonia is a compound made up of one nitrogen
atom bonded to three hydrogen atoms. It is a colourless
gas with a pungent smell.

It is often formed through the Haber-Bosch process,
where nitrogen gas (N,) from the air reacts with

hydrogen gas (H,) under high pressure and temperature.

- Itis widely used in agriculture as a fertilizer. It is also used
in refrigeration systems, as a cleaning agent, and in the
manufacturing of various chemicals.

SYNTHETIC METHANE (CH))

- Synthetic methane, also known as synthetic natural gas
(SNG), is a human-made or synthetic version of methane
gas, the primary component of natural gas.

- Itis formed through a process called methanation,
where carbon dioxide (CO,) and hydrogen (H,) react
to produce methane. The hydrogen needed for this
process can be obtained through electrolysis.

- It can be used as a sustainable energy source, injected
into existing natural gas pipelines, used for heating,
electricity generation, or as fuel for vehicles.

METHANOL (CH,OH)

+ Methanol is an alcohol that is commonly used as an
industrial solvent and fuel.

+ Methanol is typically produced through a chemical
process called synthesis gas production, where carbon
monoxide (CO) and hydrogen (H,) react. This synthesis
gas is then further processed to form methanol.

+ Methanol has applications across: being used as a fuel,
antifreeze, solvent, and in the production of chemicals
and plastics. Additionally, it is used in other chemical
derivatives and is being explored as a potential
renewable fuel source.

KEY USES

« Fuel cells: Hydrogen is a primary fuel for fuel cells, with
applications in vehicles, backup power systems, and
stationary power generation.

- Transportation: Hydrogen is used as a clean fuel for
various modes of transportation, including hydrogen-
powered vehicles such as cars, buses, trucks, and trains,
offering low or zero emission mobility.

Industrial processes: In industries such as refining, metal
production, and chemical manufacturing, hydrogen
serves as a crucial reducing agent, enabling processes
like desulfurisation and ammonia production.

- Energy storage: Hydrogen acts as a storage medium for
excess renewable energy. Excess renewable energy not
used by the grid can be used to power electrolysis to
produce hydrogen, which can be stored and used later
when demand is high.

- Chemical production: Hydrogen is a key element in the
production of various chemicals including ammonia
for fertilizers, methanol, and in petroleum refining
processes.



CONVERSION FACTORS

BASIC CONVERSION FACTORS

Weight Conversions

Metric tonne
Kilogram

Short ton

Temperature Conversion

Pressure Conversion

Bar
Pascal

megaPascal (MPa)

Volume/Energy Conversions

Kilowatt hour (kWh)
Joule (J)

Megajoules (MJ)

Metric tonne
1
0.001

0.907185

-17.7778

Bar
1
0.00001

10

Kilowatt hour (kWh)
1
277778 x 107

0.277778

kilograms
(kg)

cubic feet

(scf)

Kilogram
1000
1

907.185

32

Pascal (P)
100000
1

1000000

Joule (J)
3,600,000
1

1000000

cu meters
(Nm?®)

Short ton
1.1023
0.0011023

1

megaPascal (MPa)
0.1
0.000001

1

Megajoule (MJ)
36

1x10°

1 pound

1 kilogram 2.2046
1 scf gas

1 Nm? gas

1 gallon liquid 0.5908
1 litre liquid 0.1561

0.005309
0.1982

04536

1.0
0.002408
0.08989

0.2680

0.07080

191.26

1421.66
1.0
37.327

113.0

29.852

Scf (standard cubic foot) gas measured at 1 atmosphere and 60°F.
Nm?3 (normal cubic meter) gas measured at 1 atmosphere and 0°C.
Liquid measured at 1 atmosphere and boiling temperature.

54159

11.940
0.02679
1.0

2.9815

0.8453

1.6925 6.407
337313 14.125
0.008985 0.03401
0.3354 1.2697
1.0 3.7855
0.2642 1.0



Kilowatt (kW) Megawatt (MW)

1 Kilowatt (kW) 1 0.001

1 Megawatt (MW) 1000 1

THERMODYNAMIC PROPERTIES OF HYDROGEN?25%

Hydrogen HHV (AH) -286 kJ/mol
Hydrogen LHV (AH) -242 kJ/mol
Energy content of 1 kg hydrogen 141.9 MJ (HHV)
=0.1419GJ
=394 kWh
120.1MJ (LHV)
=0.1201 GJ
=333 kWh
Energy content of 1 N-m? hydrogen 12.7 MJ (HHV)
=0.0127GJ
Energy content of 1 gallon of gasoline 121.3 MJ (LHV)
=0.1213GJ

AH = Enthalpy (total heat content of the system, negative enthalpy indicates ectothermic reaction)
kJ = Kilojoule (=1000 joules)

HHV = Higher Heating Level (the upper limit of available thermal energy produced by the complete combustion of
hydrogen)

LHV = Lower Heating Level (amount of heat released by combusting a specified quantity and returning the temperature of
the combustion products to 150°C)
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IMPORTANT NOTICE

This communication is made by Australia and New
Zealand Banking Group Limited (ABN 11 005 357 522)
in Australia. It should not be forwarded, copied or
distributed.

This communication:

«» does not constitute advice and ANZ does not expect
you to rely on it. ANZ does not provide any financial,
investment, legal or taxation advice in connection
with this communication;

+ is not a recommendation and is not intended to
influence you or any other person to make a decision;
and

- is not an invitation, solicitation or offer by ANZ to you
to acquire a product or service, or an offer by ANZ to
provide you with other products or services.

The data and information in this communication
was prepared in good faith from a variety of publicly
available sources outside of ANZ, and while care has
been taken in compiling it:

« ANZ has not independently verified the content of the
underlying information;

« the information is high level, intended as a summary
only and should not be relied on as being current,
complete or exhaustive;

« ANZ does not undertake to update the information
in this communication or notify you should any
information contained in this communication cease to
be current or correct; and

- no representation, warranty, assurance or
undertaking, is or will be made, and no responsibility
or liability is or will be accepted by ANZ in relation to
its accuracy or completeness.

The emerging hydrogen industry is a constantly evolving
topic, and this means information quickly becomes out
of date. Information produced in this handbook was
collated in May 2021 to November 2023. Make sure you
keep yourself up to date and informed on updates and
any issues using current information.

If this communication has been distributed by electronic
transmission, such as e-mail, then such transmission
cannot be guaranteed to be secure or error-free as
information could be intercepted, corrupted or contain
viruses. ANZ does not accept liability for any damage
caused as a result of electronic transmission of this
communication.

The content of this communication has not been
reviewed by any regulatory authority.’ANZ;, ANZ's logo
and ANZ's colour blue are trademarks of ANZ.



