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Steam reforming of natural gas is the most common method of producing commercial bulk hydrogen at about 95% of the world production[1][2] of 500 billion m3 in 1998.[3] Hydrogen is used in the industrial synthesis of ammonia and other chemicals.[4] At high temperatures (700 – 1100 °C) and in the presence of a metal-based catalyst (nickel), steam reacts with methane to yield carbon monoxide and hydrogen.
CH4 + H2O ⇌ CO + 3 H2
Catalysts with high surface-area-to-volume ratio are preferred because of diffusion limitations due to high operating temperature. Examples of catalyst shapes used are spoked wheels, gear wheels, and rings with holes. Additionally, these shapes have a low pressure dropwhich is advantageous for this application.[5]
Additional hydrogen can be obtained by reacting the CO with water via the water-gas shift reaction.
CO + H2O ⇌ CO2 + H2
The first reaction is strongly endothermic (consumes heat, ΔHr= 206 kJ/mol), the second reaction is mildly exothermic (produces heat, ΔHr= -41 kJ/mol).
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Syngas, or synthesis gas, is a fuel gas mixture consisting primarily of hydrogen, carbon monoxide, and very often some carbon dioxide. The name comes from its use as intermediates in creating synthetic natural gas (SNG)[1] and for producing ammonia or methanol. Syngas is usually a product of gasification and the main application is electricity generation. Syngas is combustible and can be used as a fuel of internal combustion engines.[2][3][4] Historically, syngas has been used as a replacement for gasoline, when gasoline supply has been limited; for example, wood gas was used to power cars in Europe during WWII (in Germany alone half a million cars were built or rebuilt to run on wood gas).[5] Syngas, however, has less than half the energy density of natural gas.[1]
Syngas can be produced from many sources, including natural gas, coal, biomass, or virtually any hydrocarbon feedstock, by reaction with steam (steam reforming), carbon dioxide (dry reforming) or oxygen (partial oxidation). Syngas is a crucial intermediate resource for production of hydrogen, ammonia, methanol, and synthetic hydrocarbon fuels. Syngas is also used as an intermediate in producing synthetic petroleum for use as a fuel or lubricant via the Fischer–Tropsch process and previously the Mobil methanol to gasoline process.
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Ammonia as the carrier

One way of overcoming limitation is to convert hydrogen to ammonia, piggybacking existing transport infrastructure - the financial and
technical barriers to using ammonia as a hydrogen carrier are low.

CSIRO's research addresses the conversion of ammonia back to high-

purity hydrogen at, or near, the point of use. Membranes are a thin N, "
layer of metal which allows hydrogen to pass, while blocking all other 2
gases. By coupling membranes with a suitable catalyst for ammonia @
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membrane technology, to deliver at least five kg/day of hydrogen, MEMBRANE
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The research has also been welcomed by industry and is supported by
BOC, Hyundai, Toyota and Renewable Hydrogen Pty Ltd.

This research is supported by the Science and Industry Endowment
Fund ..
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Australia launches world-first coal to hydrogen plant trial

Days after Tony Abbott cruised through Victorian coal
country on his annual ‘pollie pedal’ bike ride, Malcolm
Turnbull arrived to announce the hydrogen export pilot.
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Environmental concerns
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STEAM-METHANE REFORMING

Most hydrogen produced today in the United States is
made via steam-methane reforming, a mature
production process in which high-temperature steam
(700°C-1,000°C) is used to produce hydrogen from a
methane source, such as natural gas. In steam-methane
reforming, methane reacts with steam under 3-25 bar
pressure (1 bar = 14.5 psi) in the presence of a catalyst to
produce hydrogen, carbon monoxide, and a relatively
small amount of carbon dioxide. Steam reforming is
endothermic—that is, heat must be supplied to the
process for the reaction to proceed.

Subsequently, in what is called the "water-gas shift
reaction,” the carbon monoxide and steam are reacted
using a catalyst to produce carbon dioxide and more
hydrogen. In a final process step called "pressure-swing
adsorption,” carbon dioxide and other impurities are
removed from the gas stream, leaving essentially pure
hydrogen. Steam reforming can also be used to produce
hydrogen from other fuels, such as ethanol, propane, or
even gasoline.

Steam-methane reforming reaction
CHy + H20 (+ heat) — CO + 3H,

Water-gas shift reaction
€O + Hp0 — €O, + Hy (+ small amount of heat)
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The Hydrogen Energy Supply Chain (HESC) Concept
The energy chain from a resource-producing country to the consumer market
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‘The Australian, Japanese and Victorian governments and a consortium of companies
have launched the pilot of an innovative supply chain that will deliver liquefied
hydrogen from the Latrobe Valley in Australia to Japan.

‘The Hydrogen Enersy Supply Chain (HESC) project will convert brown coal from the
AGL Loy Yang mine into hydrogen at an adjacent site and then transport the gas by road
in high pressure tube trailers to a liquefaction terminal at the Port of Hastings.

Aliquefaction plant at the Port of Hastings will convert the hydrogen gas into liquefied
hydrogen (LH2). The liquefaction process will cool the hydrogen gas to ~253°C and
reduce it to 1/800th of its gaseous volume. The plant will be the first hydrogen
liquefaction facili

in Australia for demonstration purposes. The liquefied hydrogen
(LH2) will then be shipped to Japan for use predominantly in the transport industry.
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The South Australian Government
has co-invested over $17 million in
four green hydrogen projects.

The projects are at various stages of development to accelerate and support
investment in renewable technologies in South Australia.

There are many opportunities for partnership including research and
development, export and off-take infrastructure, and to invest in new hydrogen
projects.

The four hydrogen projects are outlined below:

Neoen Australia Hydrogen Super hub —
Crystal Brook energy park
Neoen Australia’s 50 megawatt (MW) Hydrogen Super hub planned at Crystal

Brook is envisioned to be the world’s largest co-located wind, solar, battery and
hydrogen facility.
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Neoen Australia has received
funding from the South Australian
Government to the world’s largest
co-located wind, solar, battery and
hydrogen facility.

Neoen Australia, owner and operator of the world’s largest lithium-ion battery
located nearby, has received funding from the South Australian Government to
develop a 50 megawatt (MW) Hydrogen Super hub at Crystal Brook, 200
kilometres north of Adelaide.

The project is envisioned to be the world’s largest co-located wind, solar, battery
and hydrogen facility and will include:

— 50 MW of hydrogen production capability (up to 9,000 tonnes per annum) on-
site or at nearby Port Pirie

— 10 MW of wind generation
— 100 MW of solar photovoltaic generation
— 100 MW of lithium-ion battery storage

— a purpose-built substation to deliver the power produced by the project into
the South Australian grid.

The South Australian Government provided $1 million towards the feasibility study,
with additional support grants and loans towards the $600 million project upon

financial investment decision in 2019.

Following the successful conclusion of the feasibility study, the project is expected
to commence in 2021.
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AGIG’S Hyd rogen Park of South As a national gas network distributor, Australian Gas Infrastructure Group (AGIG)

. . . own 33,764 km of natural gas networks and over 3,500 km of transmission
AUStraI Ia W|" dellver a 1'25 MW pipelines across South Australia, Queensland, New South Wales, Victoria,
electrolyser at the Tonsley Western Australia and the Northern Territory.
|nn0vati0n District in Adelaide,s AGIG’s Hydrogen Park of South Australia (HyP SA) will deliver a 1.25 megawatt
southern su bu rbS. (MW) polymer electrolyte membrane (PEM) electrolyser at the Tonsley Innovation

District in Adelaide’s southern suburbs.

The power-to-gas demonstration
plant will produce up to 100
kilograms of hydrogen per day from
renewable energy and recycled
water.

The produced hydrogen will then be injected (up to 15 per cent) into the local gas
distribution network with future potential to provide low-carbon gas to homes and
businesses.
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The Hydrogen Utility™ (H2U) is a specialist developer of hydrogen infrastructure
solutions for sustainable mobility and renewable energy storage applications.

Working with German-based electrolysis and ammonia specialist Thyssenkrupp,
H2U will construct a 30 megawatt (MW) water electrolysis plant, as well as a
facility for sustainable ammonia production, near Port Lincoln in South Australia

This is a globally-significant demonstration project for the emerging hydrogen
energy sector, being one of the first ever commercial plants to produce carbon
dioxide (CO,)-free green ammonia from intermittent renewable resources.

The plant will use 100% wind and
solar generation to produce up to
18,000 tonnes of green ammonia per
annum to supply agriculture and
industry.
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