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‘Safety’ and ‘risk’
A quick explanation

• We might consider something to be ‘safe’ when it is “not exposed to danger; not liable to be harmed” (Oxford English
Dictionary).
• However, everything is exposed to some danger all the time, so we prefer to use the term ‘risk’:
Risk = Consequence x Likelihood
•

Here, the ‘likelihood’ is the chances of that outcome happening, and the ‘consequence’ might be measured in the number of
people killed or injured, damage to the environment, damage to assets, etc.

•

Example: does riding a motorcycle present an unacceptable risk to the rider?
‒ The consequence and the likelihood of a motorcycle accident are different to driving a car.
‒ In Australia, motorcycles represent <5% of road vehicles but motorcyclists are almost 1 in 5 road deaths.

So what about Hydrogen Safety?
Risks relative to other energy carriers

•

source: GM

There are many other analogous supply chains from these energy resources to end-uses across transport, power generation,
industrial use and agriculture, with many of these featuring hydrogen.

What risks do hydrogen carriers present?
Depends on how they are used

+ = comparable to or better than gasoline/diesel/kerosene

- = worse than gasoline/diesel
+/- = means ‘it depends’
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• Note that no energy carrier is uniformly ‘+’ and only some of these metrics may be relevant to a particular application.

• These judgements are often the opposite of what we desire of a good energy carrier, meaning we have to make trade-offs
between risk and utility.

An example: ignition and combustion regimes
Illustrating ‘deflagration’ and ‘detonation’
•

Combustible gases can exhibit a wide range of responses in
closed vessels, depending on the conditions in that vessel.

•

e.g. after ignition by some ignition source, mixtures of
methane/oxygen/nitrogen (right) can:

‒ quench (cyan): die out and leave reactants
‒ deflagrate (red): propagate through the chamber at low
sub-sonic speeds and with moderate pressure rise;
‒ detonate (purple): supersonically propagating
combustion with very large pressure rise; and
‒ with the yellow region a transition between deflagration
and detonation.
•

Hydrogen carriers (e.g. hydrogen, ammonia and methanol)
can exhibit all these phenomena, with oxygen-rich
environments presenting particular challenges.

source: Schildberg, BASF

Hydrogen deflagration and detonation

Small changes in operating conditions in an engine can lead to detonation
•

The image to the right shows the transition from
deflagration to detonation in a hydrogen fuelled
reciprocating engine as its compression ratio is increased.
‒

‒

•

peak pressure rises by ~4 times when detonation occurs,
presenting a potentially catastrophic risk.
the mechanisms that initiate detonations are not well
understood, and this results in design conservatism in many
devices.

Ignition risks are present throughout hydrogen carrier
supply chains, e.g.
‒
‒
‒

in the oxygen stream of electrolysers with ‘hydrogen crossover’;
in process equipment with residual air or oxygen after purging;
in end-use devices where the use of these fuels is relatively
novel, e.g. hydrogen in fuel cells, ammonia use in gas turbines or
industrial burners.

Source: author’s own research, unpublished

Development needs and collaboration
•

The quest for smaller device sizes, higher power, higher efficiency and lower capital costs all push industrial devices towards
at least one of higher pressures, higher temperatures or the use of less and lower cost materials.

•

We have limited experience of the safe use of hydrogen, ammonia and methanol in many industrial devices that we will likely
need to deploy over the next 30 years, e.g.
‒
‒
‒
‒

•

cross-over of hydrogen into the oxygen stream of an electrolyser;
retention of residual oxygen or air after purging, particularly for liquefaction plant;
leak dispersion and controlled venting from many different devices; and
use in fuel cells, industrial burners, gas turbines, reciprocating engines or other reactors.

Since these new hydrogen supply chains are more expensive and more capital intense than those of conventional fossil fuels ,
the trade-offs between cost and safety are more acute. This, in turn, presents opportunities for innovation.
‒ opportunities for innovation: innovation by manufacturers and asset owners will be a more significant driver of competitive advantage;
‒ opportunities for international research collaboration: deeper understanding of the limits at which these devices might be safely operable
has greater value for manufacturers and asset owners; and
‒ opportunities for the development of international standards: for the many industrial devices that will likely be needed.
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