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Hydrogen Production

Ø Hydrogen is the simplest element on earth—it consists of only one proton and one electron—and it is 
an energy carrier, not an energy source

Ø Hydrogen can store and deliver usable energy, but it doesn't typically exist by itself in nature and must 
be produced from compounds that contain it

How Hydrogen Production Works?

Hydrogen can be produced using diverse, domestic resources—including fossil fuels, such as natural gas and 
coal (with carbon sequestration); nuclear energy; and other renewable energy sources, such as biomass, wind, 
solar, geothermal, and hydro-electric power—using a wide range of processes. 
Hydrogen can be produced:

Ø At or near the site of use in distributed production
Ø At large facilities and then delivered to the point of sale near central production
Ø At intermediate scale facilities located in close proximity (25–100 miles) to the point of use in semi-

central production

Hydrogen’s Comeback

Why is hydrogen fuel making a comeback?

We hear a lot about wind, solar and nuclear energy in the fight to reduce carbon emissions, but it seems we've 
forgotten about hydrogen fuel. Hydrogen — made by splitting water — was considered energy-intensive and 
expensive to make. But new plans for hydrogen fuel cells in cars show hydrogen made using renewable 
energy may yet get its time in the sun.

Hydrogen is now back on the agenda, for three main reasons

Ø First, hydrogen fuel cell vehicles can still provide a much greater range than battery electric vehicles, 
with a refuelling time of less than five minutes compared to six to eight hours for batteries

Ø Second, the costs of producing hydrogen from renewables by water electrolysis, and of fuel cells, have 
fallen over the past decade as dramatically as that for solar panels. For example, the high-volume 
production cost of fuel cells fell from $275 per kilowatt in 2002 to only $51 per kilowatt

Ø Third, we now understand that there are many severe constraints on biofuel production. These include 
competition with food production, and the use of water, land, and fertilisers

Australian Perspective

Ø Despite the emerging opportunities for hydrogen energy, Australia is virtually alone among developed 
countries in not having any demonstration or trial of hydrogen fuel cell vehicles and refuelling stations

Ø Australia have just one fuel cell manufacturer, Ceramic Fuel Cells, who make a high-temperature solid-
oxide combined heat and power system for buildings, but no manufacturer of the lower-temperature 
Proton Exchange Membrane fuel cells for cars and stationary power

Ø At a time when the Australian automotive industry, and manufacturing industry generally, are 
searching for new directions, hydrogen technologies are now well worth detailed governmental and 
private sector investigation
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Research and Development Goals

Ø The U.S. Department of Energy (DOE) supports the research and development of a wide range of 

technologies to produce hydrogen economically and in environmentally friendly ways.

Ø The overall challenge to hydrogen production is cost. For cost-competitive transportation, a key driver 

for energy independence, hydrogen must be comparable to conventional fuels and technologies on a 

per-mile basis. In order for fuel cell electric vehicles to be competitive, the total untaxed, delivered and 

dispensed, cost of hydrogen needs to be less than $4/gge. 

Ø A gge, or gasoline gallon equivalent, is the amount of fuel that has the same amount of energy as a 

gallon of gasoline. One kilogram of hydrogen is equivalent to one gallon of gasoline. This goal is 

based on thorough research with stakeholders, academia, and national labs. 

Explainer

How do we make hydrogen from coal, and is it really a clean fuel?

Ø Energy giant AGL unveiled plans to produce hydrogen power at its Loy Yang A coal station. But how do 
we transform coal, which is often thought of as simply made of carbon, into hydrogen – a completely 
different element?

Ø In fact, coal is not just made of carbon. It also contains other elements, one of which is hydrogen. But 
to get a lot of hydrogen, the coal needs to be “gasified” rather than burned, creating compounds that 
can then be reacted with water to make hydrogen. This is where the majority of hydrogen comes from 
in this case – not from the coal itself

What is coal made of?

Ø In simple terms, coal is a mixture of two components: carbon-based matter (the decayed remains of 
prehistoric vegetation) and mineral matter (which comes from the ground from which the coal is dug)

Ø The carbon-based matter is composed of five main elements: carbon, hydrogen, oxygen, nitrogen and 
sulfur

Ø You can think of coal's formation process as a progression from biomass (newly dead plant matter) to 
charcoal (almost pure carbon). Over time, the oxygen and some hydrogen are gradually removed, 
leaving more and more carbon behind

Ø Brown coal thus contains slightly more hydrogen than black coal, although the biggest difference 
between the two is in their carbon and oxygen contents

What is gasification?

Ø We can understand gasification by first understanding combustion. Combustion, or burning, is the 
complete oxidation of a fuel such as coal, a process that produces heat and carbon dioxide

Ø Carbon dioxide itself cannot be further oxidised, and thus is the non-combustible end product of the 
burning process

Ø In gasification, however, the coal is not completely oxidised. Instead, the coal is reacted with a 
compound called a gasification agent. Gasification is endothermic, which means it doesn't produce 
heat

Ø Quite the opposite, in fact – it needs heat input to progress. Because the resulting gas is not fully 
oxidised, that means it can itself be burned as a fuel
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So how do we make hydrogen?

Ø Now we know the key concepts, let's start again at the start. To produce hydrogen from coal, the 
process begins with partial oxidation, which means some air is added to the coal, which generates 
carbon dioxide gas through traditional combustion. Not enough is added, though, to completely burn 
the coal – only enough to make some heat for the gasification reaction. The partial oxidation also 
makes its own gasification agent, carbon dioxide.

Ø Carbon dioxide reacts with the rest of the carbon in the coal to form carbon monoxide (this is the 
endothermic gasification reaction, which needs heat input). No hydrogen yet

Ø Carbon monoxide in the gas stream is now further reacted with steam, generating hydrogen and carbon 
dioxide. Now we are making some hydrogen

Ø The hydrogen can then be run through an on-site fuel cell to generate high-efficiency electricity, 
although the plan at Loy Yang A is to pressurise the hydrogen and ship it off to Japan for their Olympic 
showcase

Ø

Ø

Ø

Brown coals are generally preferred for gasification over black coals for several reasons, which makes 
the brown coal in Australia, of Victoria's Latrobe Valley a good prospect for this process
The main reason is that, because of the high oxygen content of this type of coal, it is less chemically 
stable and therefore easier to break apart during the gasification reaction. Plus there is a small boost 
from the hydrogen that is already present in the coal
Hydrogen produced in this way is not a zero-emission fuel. Carbon dioxide is emitted through the 
combustion and thermal decomposition reactions, and is also a product of the reaction between carbon 
monoxide and water to make hydrogen and carbon dioxide
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So why bother making hydrogen?

Ø When hydrogen is used as a fuel, it releases only water as a byproduct. This makes it a zero-emission 
clean fuel, at least at the point of use

Ø Producing hydrogen from coal in a large, central facility means pollution control can be put in place. 
Particulates, and potentially carbon dioxide, can be removed from the gas stream very efficiently

Ø This is not possible on a small scale, such as hanging off the back of your car. Road transport currently 
emits dangerous levels of pollutants in our cities every day

Hydrogen Manufacturing in Block VI

Ø Gasification processes that use hydrogen fuel cells on site can substantially increase their efficiency 

compared with traditional coal-fired power. However, depending on the end-use of the hydrogen, and 

subsequent transport processes, you might be better off in terms of energy output, or efficiency (and 

therefore carbon emissions), just straight-up burning the coal to make electricity

Ø But by using gasification of coal to make hydrogen, we can start building much-needed infrastructure 

and developing consumer markets (that is, hydrogen fuel cell vehicles) for a truly clean future fuel

Ø I predict that hydrogen power will be zero-emission one day. It can be made in a variety of ways 

through pure water splitting (including electrolysis, or through solar thermochemical and photo 

electrochemical technologies, to name a few). It's not there yet in terms of price or practicality, but it is 

certainly on its way. Boosting development of the hydrogen economy through production from coal in 

the meantime is, in my book, not a terrible idea overall

Hydrogen Delivery

Ø A viable hydrogen infrastructure requires that hydrogen be able to be delivered from where it's 
produced to the point of end-use, such as a dispenser at a refueling station or stationary power site

Ø Infrastructure includes the pipelines, trucks, storage facilities, compressors, and dispensers involved in 
the process of delivering fuel

Ø Delivery technology for hydrogen infrastructure is currently available commercially, and several U.S. 
companies deliver bulk hydrogen today. Some of the infrastructure is already in place because 
hydrogen has long been used in industrial applications, but it's not sufficient to support widespread 
consumer use of hydrogen as an energy carrier

Why Study Hydrogen Delivery

Ø Hydrogen is not just the smallest element on earth, it is also the lightest—as a point of comparison, the 
mass one gallon of gasoline is approximately 2.75 kg where one gallon of hydrogen has a mass of only 
0.00075 kg (at 1 atm pressure and 0°C). In order to transport large amounts of hydrogen it must be 
either pressurized and delivered as a compressed gas, or liquefied

Ø Where the hydrogen is produced can have a big impact on the cost and best method of delivery. For 
example, a large, centrally located hydrogen production facility can produce hydrogen at a lower cost 
because it is producing more, but it costs more to deliver the hydrogen because the point of use is 
farther away

Ø In comparison, distributed production facilities produce hydrogen on site so delivery costs are 
relatively low, but the cost to produce the hydrogen is likely to be higher because production volumes 
are less
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World Adopting Hydrogen as Fuel

UK Hydrogen Rail Programme

Ø Eversholt Rail and Alstom invest a further £1 million in Breeze hydrogen train programme

Ø In July 2020, Eversholt Rail and Alstom announced a bold plan to fast-track the hydrogen train 

industry in the UK with a further £1 million (over €1 million) investment in British hydrogen trains, 

creating an entirely new class of train, the first-ever 600 series

Ø Taking the Breeze hydrogen train plan to the next level, this major investment means that the Breeze 

will be ready for early deployment in the UK to meet the Government's need to decarbonise the rail 

industry. This investment from Alstom and Eversholt Rail in the UK hydrogen train will underpin other 

initiatives in the hydrogen sector and will support any subsequent national hydrogen strategy

Ø Breeze trains will be built at Alstom's Widnes Transport Technology Centre, which is fast becoming 

the UK's premier centre for train modernisation. Widnes will also become Alstom's worldwide centre 

of excellence for hydrogen conversion when this project is in series production, creating over 200 high 

quality engineering jobs in the North West, crucial for the Prime Minister's levelling-up agenda

Ø When powered by green hydrogen, these trains offer true zero-emission mobility, not just zero 

emission at point of use. The only emission from a hydrogen train is water; it produces no harmful 

particulate or gaseous emissions

Ø Hydrogen trains are ideally suited to regional rail services on routes that are not currently electrified. 

Alstom has already proven that hydrogen trains are a cost-effective and environmentally friendly 

solution with the success of the Coradia iLint in Germany.

Ø This new investment will ensure that Breeze trains are ready for swift deployment in the UK wherever 

electrification with overhead wires might be impractical or visually intrusive. 

Ø The pioneering of a hydrogen train fleet is a notable step in the path towards decarbonising the UK 

railway. As Breeze will be the first UK train fleet to use the Class 6xx category, it will bear the 

classification '600'. Both Eversholt Rail and Alstom are delighted with this recognition

Hyundai XCIENT Fuel Cell Heads to Europe for Commercial Use

Ø Hyundai Motor is shipping the first 10 units of XCIENT Fuel Cell, the world's first fuel cell heavy-

duty truck, to Switzerland

Ø Hyundai will roll out 50 trucks this year and total of 1,600 units by 2025

Ø Powered by 190-kW hydrogen fuel cell system, XCIENT Fuel Cell can travel approximately 400 km 

on a single charge

Ø Developed independently by Hyundai Motor, XCIENT Fuel Cell will help decarbonize the world

Ø Hyundai will develop tractor unit with driving range of 1,000 kilometres on a single charge
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