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The Hydrogen Complex

Hydrogen’s green production race

This is the second in our three-part series looking at hydrogen
as an energy vector in a net-zero future.

There are grand plans for clean hydrogen and global trade is
likely to be a key facilitator, but not just yet.

Hydrogen is not a new molecule in the
energy system - globally we already
produce around 70 million tonnes of pure
hydrogen per year and that production
accounts for 6% of global gas use.

The IEA also expects demand for pure
hydrogen to double by 2040 due to
decarbonisation of hard-to-abate sectors
such as transport.

So where is this new supply of hydrogen
coming from?

Europe is betting on hydrogen in a big
way and the EU has put serious financial
backing behind its 2030 40GW green
hydrogen production target. Given that the
largest electrolyser in operation at the time
of writing is 20MW (Bécancour, Québec)
(and given that a GW is a thousand times
larger than a MW), we are talking a radical
increase in planned capacity.

Assuming that the EU intends to run 40GW
of electrolysis with electricity from new
renewables projects and a capacity factor
of 40% (which is easily achievable with
offshore wind), Member States will need

to build 100GW of dedicated renewable
generation by 2030 - that’s on top of the
renewables required to decarbonise the
electricity sectors.

It’s difficult to say whether such
ambitions will result in a pot of gold at
the end of the rainbow or just some
widely missed targets, but for those
countries where renewable energy
potential is limited, there is another way:
if you can’t make it, buy it.

Low carbon hydrogen projects, by region
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Global hydrogen trade

Those with abundant renewable energy
resources, such as Australia, Chile,
Spain and North Africa are already
positioning themselves as green
hydrogen exporters, while geographies
with sustainable ambitions but limited
renewables opportunities could be
net-importers. For example Japan and
South Korea are exploring alliances

to import green hydrogen for road
transport - and not just heavy vehicles
but cars too.

Another potentially important, and
often overlooked, region for green and
blue hydrogen production is the Middle
East. In 2020, Saudi Arabia committed
S5bn to the world’s largest hydrogen
facility, a 4GW plant using renewable
solar and wind power, that will supply
overseas ammonia markets (as well
as its own petrochemicals industry).
Other countries in the region, including
Abu Dhabi, are also eyeing hydrogen

Manufacturing capacity

A New electrolyser capacity A Cumulative electrolyser capacity
Electrolyser manufacturing capacity A IEA net zero 2030 target

Figures in GWe p.a. of green hydrogen

as a way to monetise their rich solar
resource, and as a new route-to-market
for their gas developments.

From this and other experiences, our
expectation is for the emergence of a
fungible global market for hydrogen
within the next 20 years.
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The Hydrogen Complex

Transporting hydrogen

The prospect of global trade in hydrogen
raises a technological challenge.

Today, all hydrogen is transported either
by dedicated pipeline or in pressurised
steel tubes on the backs of lorries for
shorter distances. However, among
hydrogen’s less favourable qualities is its
low volumetric energy density (natural
gas has 3x as much energy for the same
volume). That means it needs to be
made denser in order to move it long
distances efficiently. But making it dense
is difficult.

Hydrogen has an extremely low
liqguefaction temperature (-253°C - @
mere 20 degrees above Absolute Zero
and around 90°C colder than LNG at-
162°C). Hydrogen liquefaction processes
do not exist today at commercial scale

- nor may they ever given the likely costs
associated with liquefaction.

Today the equivalent of 5% of the energy
content of LNG is used in the liquefaction
process. In contrast, energy consumption
in liquefying Hydrogen could be higher
than 40% given the gas’s properties
described above, which could blow

the economics out of the water when
stacked against the alternatives.

A liquified Hydrogen A Ammonia

Source: Baringa Partners

What will be dominant means of
transporting hydrogen over the water?
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Another solution could be chemical
combinations - and there are many
organisations exploring the technical and
commercial opportunities associated
with these hydrogen carriers today. These
include using ammonia, synthetic fuels or
liquidorganic hydrogen carriers (LOHCs).

The jury is out on which hydrogen carrier
will dominate international trade in
hydrogen but today ammonia has the
most bandwidth, as confirmed by our poll
of more than 130 energy professionals.

The Haber-Bosch process for producing
ammonia from hydrogen is well
established and ammonia is a commodity
that is traded globally today. However

it’s worth noting that large scale facilities
to decompose (“crack”) ammonia to
produce high purity hydrogen do not exist
today. The cracking process also requires
a significant amount of electricity which,
in order to be zero carbon, needs to

come from... zero carbon sources such as
renewables! Nothing with this simplest of
elements turns out to be straightforward.

In the final part in our series, we will look at the applications and cost-competitiveness of
clean hydrogen across geographies and specific use-cases, and the types of private and public
support required to make it an economically viable alternative to fossil fuels.






Baringa Partners

Baringa Partners is an independent business and
technology consultancy.

We help businesses run more effectively, navigate industry shifts and reach
new markets. We use our industry insights, ideas and pragmatism to help
each client improve their business. Collaboration is central to our strategy
and culture, ensuring we attract the brightest and the best. And it’s why
clients love working with us.

Baringa launched in 2000 and now has over 900 members of staff and 92
partners across our practice areas Energy & Resources, Financial Services,
Products & Services, and Government & Public Sector. These practices are
supported by cross-sector teams focused on Customer & Digital; Finance,
Risk & Compliance; People Excellence; Supply Chain & Procurement; Data,
Analytics & AL Intelligent Automation & Operations Excellence; and

Technology Transformation. We operate globally and have offices in the UK,

Europe, Australia, US and Asia.

Baringa Partners have been voted as the leading management consulting
firm in the Financial Times’ UK Leading Management Consultants 2021 in
the categories Energy, Utilities & the Environment, and Oil & Gas. We have

been in the Top 10 for the last 14 years in the small, medium, as well as large
category in the UK Best Workplaces™ list by Great Place to Work®. We are a
Top 50 for Women employer, and are recognised by Best Employers for Race.
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