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Ammonia |l — Green Ammonia

Introduction

For all living organisms, nitrogen (N) is one of the building blocks of the amino acids which make up
proteins and enable metabolic function. More specifically, in plants, N is involved in the production of
chlorophyll — the green pigment that makes photosynthesis possible and enables the conversion of
solar energy into the chemical energy that is essential to the survival of plants'.

Plants can acquire N through the uptake of ammonium (NHs*) or nitrate (NOs") in soils and water, with
species preferring one form to the other depending on their N uptake mechanisms and adaptations'.
These two main compounds are made available in soils thanks to the process of nitrogen fixation.
Nitrogen fixation, defined as the combination of atmospheric nitrogen (N,) with other elements to form
more reactive compounds that plants can uptake from their root systems, may occur in two different
ways: when lightning strikes, providing sufficient energy for a reaction between nitrogen and oxygen to
produce nitrogen oxide and nitrogen dioxide; and when diazotrophic soil bacteria fix nitrogen into
ammonia, nitrites, and nitrates, while often forming a symbiotic relationship with the plant. The latter
provides most of the “fixed nitrogen” in soils'. The fixed N then provides the basis of the entire N cycle
which benefits all living organisms on the planet.

As a result of the increasing need for food production, contemporary agricultural practices favour the
use of products which increase soil nutrient content, so that crops can access sufficient nutrients and
grow fast, big and nutritious. N-fertilisers are designed to increase the content of immobilised N in the
soil in the form of ammonium or nitrate (and sometimes nitrites). Fertilisers, including nitrogen fertilisers,
have become ubiquitous. According to the IPCC, their use has risen by 800% since the 1960s". Further
increase is expected in the next years, and decades, with the global N-fertiliser market projected to
amount to around $125 billion by the end of 2022".

In this article we look at the production pathways for the manufacture of ammonia destined for N-
fertilisers. We compare conventional fossil-derived ammonia and sustainably produced “green
ammonia”, and their respective markets. We also look at the use of "green ammonia” as a potential
biofuel for maritime shipping.

Conventional fossil-derived ammonia

Historically, the production of conventional ammonia was achieved by heating a mixture of nitrogen
and oxygen, commonly air, to high temperatures to form a small amount of nitrogen oxide, which was
extracted for fertiliser use, or by reacting nitrogen with calcium carbide to make calcium cyanamide,
which is further processed into ammonia and urea"..

Today, however, the most dominant and economical way of producing ammonia on an industrial scale
is done via the "Nitrogen Fixation Process” (NF process), historically known as the Haber-Bosch process.
Discovered in 1909 by Fritz Haber, and later demonstrated on an industrial scale in 1913 by Carl Bosch,
the process is the direct synthesis of ammonia from hydrogen and atmospheric nitrogen":

NZ(g) + 3/‘/2(9) = 2N/‘/3(g)
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The NF process is conducted at high pressure and at a temperature of around 450°C in the presence of
an iron catalyst. The conversion of hydrogen and nitrogen to ammonia in the reactor only amounts to
~15% per completed round, however, unreacted gases are continually recycled to achieve an overall
final conversion of ~98%"ii. The gaseous product is then condensed into liquid ammonia.

Hydrogen production

Contrary to the older ammonia production pathways, the NF process uses hydrogen as a reactant. While
nitrogen can be extracted from the ambient air, hydrogen is produced on industrial scale. There
currently are three main pathways for hydrogen production, which confer it various “degrees of
sustainability”.

Most of the hydrogen produced globally today is manufactured from steam methane reforming. This
produces syngas, a mixture of mainly hydrogen and carbon monoxide, from which hydrogen can be
extracted. Although part of the carbon monoxide by-product can be further reacted with water to
produce more hydrogen®, large quantities of CO; are emitted by the process. In addition, it is mostly
powered by fossil energy, which adds to the total GHG emissions tally. This pathway results in the
production of what is called grey hydrogen (Fig 1).

To reduce CO; emissions, carbon capture and storage (CCS) technology can be added to the steam
methane reforming step of the process. When this change is applied, the resulting product is called
blue hydrogen* (Fig 1). CCS is the only change applied in this case. Here, the processes are still powered
with fossil energy.

The third, and most sustainable alternative, uses a different process to produce hydrogen: water
electrolysis. Here, an electrochemical reaction splits water into its constituents of hydrogen and oxygen,
without releasing any carbon dioxide as by-product of the reaction®. In addition, the production
pathway is powered by renewable energies. This entire production pathway yields what is referred to as
green hydrogen (Fig 1). Only a very small proportion of current global hydrogen production uses this
technology.
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Figure 1. Pathways of hydrogen production*.
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Green ammonia

To qualify as “green”, ammonia first has to be produced from green hydrogen. In addition, the nitrogen
used in the process must be extracted from the ambient air using separation technology powered by
renewable energy. Making it "green nitrogen”. Once these criteria have been met, the NF process can
go ahead to produce the ammonia, using renewable energy as power source. Only when all of these
criteria are met can the resulting product be called “green ammonia” (Fig 2).

Ammonia production leads to annual GHG emissions close to 500 million tonnes, amounting to nearly
1.8% of global CO; emissions. Of these, 80% are directly linked to the hydrogen-producing process of
steam methane reforming. i,

Renewable Energy
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Figure 2. Green ammonia production. Diagram adapted from The Royal Society's “Ammonia — zero-carbon fertiliser, fuel and
energy store” policy briefing*i.

Ammonia-derived fertilisers

Ammonia has multiple uses, including refrigeration, chemical manufacture and waste purification.
However, as much as 80% of all ammonia production goes directly into the manufacture of agricultural
fertilisers .

The annual global supply of ammonia is estimated to be around 180 million tonnes. China is the country
that produces and consumes the largest portion of global ammonia supplies. In 2019, the country
produced around 48 million tonnes®. The next biggest producers are Russia, with a 12.5 million tonnes
annual production capacity, and India, which currently produces 11 million tonnes per year. Despite
their negative environmental effects, ammonia and N fertilisers significantly impact crop yields within
the framework of current agricultural practices. In a world inhabited by 7.6 billion people, soon to reach
as much as 9 billion, food production is likely to become even more of a challenge. Optimising yields is,
and will remain, a priority. Therefore ammonia-based fertilisers will continue to be produced in ever-
growing quantities.

In 2021, the global green ammonia market was estimated at $17 million, which pales in comparison to
the $125 billion global N-fertiliser market. However, interest in green ammonia is expected to take off,
and its market is forecast to reach around $5.4 billion by 2030, This is very much tied to the world’s
decarbonising efforts. Many countries have now pledged to decarbonise their industries, and their
energy by 2050. The sustainability of ammonia being so linked to the energy used to power processes,
energetic decarbonisation is likely to lead to a larger supply of green ammonia. A lot of the strategies
being drawn out have intermediate 2030 milestones with ambitious emission reduction targets, it is
then likely that the supply of green ammonia will have reached new heights by that same year.

Industrial stakeholders are also taking steps to accelerate the transition. In January 2022, Yara Norge —
one of the world's biggest producer of fertiliser — contracted Linde Engineering for the construction of
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a 24MW electrolyser. The new unit will be used to produce green hydrogen which will in turn be used
to manufacture green ammonia. The sustainable ammonia will then be used to producer fertilisers*i.
Although national policies are promoting the decarbonisation of energy, most of the progress done for
the transition towards green ammonia has been done by the industry.

Ammonia-based fuels

Transport is currently responsible for 20% of global CO; emissions (equivalent to around 8 billion tonnes
of CO; emitted annually), with maritime shipping representing nearly 11% of that share*'ii, In their efforts
to decarbonise their economies, several nations around the world are implementing biofuel
incorporation quotas in transport fuel blends. Biofuel quotas for passenger cars and HGVs have also
come into force, with bioethanol, bio-LNG and biodiesel (to name a few) occupying an ever-increase
space in global fuel supplies. Sustainable aviation fuels (SAF) are already becoming a staple of the
aviation industry, with an increasing number of large global companies having made them an integral
part of their business™.

Maritime shipping has, so far, remained behind in terms of low-carbon fuel and biofuel incorporation,
however, following the 2018 pledged from the International Maritime Organisation to halve GHG
emissions by 2050, ammonia is now being put forward as a potential gamechanger for the sector*. The
benefits of using ammonia as fuel include a high volumetric energy density compared to other
alternatives such as hydrogen and methanol, and fairly easy storage conditions, which would make on-
board stocking economically and logistically feasible. Unlike current oil-derived fuels used in the
industry, conventional ammonia does not release any GHG when combusted. It could, therefore,
become a low-carbon fuel solution. One big caveat remains that current ships are not equipped to be
able to use ammonia as fuel. Adopting it would require major (and costly) infrastructure changes,
including the purchase of new ships, and relevant fuel production facilities.

Despite these significant hurdles, trials are currently underway and ammonia-powered ships have
already successfully taken to sea. In June of 2022, the Maritime and Port Authority (MPA) of Singapore
entered into a deal with multiple other maritime stakeholders for the design of an ammonia dual-fuel
tanker. The ship will be built by partner Hyundai Heavy Industries, and is expected to sail under the
Singapore flag™. Although the transition towards ammonia-powered fleets is expected to take years,
the maritime sector appears to be putting a lot of faith and investment in this new form of fuel. By 2050,
oil based maritime fuels are expected to drop by 50%, while ammonia and hydrogen-based solutions
should increase by nearly 30%.
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ILLUSTRATION: MICHAEL SOLITA. SOURCE: AMERICAN BUREAU OF SHIPPING

Figure 2. Projected fuel usage in the maritime shipping sector up until 2050%.

Although ammonia combustion does not produce GHG, emissions occur during ammonia production.
As a result, using green ammonia as shipping fuel would be the better solution from a sustainability
standpoint. As there is no chemical and mechanical difference between conventional ammonia and
green ammonia, ships able to operate on conventional ammonia will be able to operate on green
ammonia. Switching from on to the other is not an issue in itself. However, adopting green ammonia
would be subject to major supply issue: not only is conventional ammonia production mainly used for
fertiliser production (making its supply limited for other purposes), green ammonia production as a
whole remains extremely limited. Once the share of the production dedicated to fertiliser manufacture
has been allocated, not a lot, if at all, is left for fuel production.

To tackle this supply issue, one of biggest players in the maritime industry — Maersk — is backing the
construction of the biggest green ammonia production plant in Europe. The plant, located in Denmark,
will use electricity produced by wind turbines to power the ammonia production process. Maersk, and
a number of other partners, will support the construction of the plant and will help with its commercial
development by becoming key off-takers (both for fertiliser production and maritime shipping)*.

Conclusion

Green ammonia is a promising resource which could benefit a range of sectors, from food production
to transportation. Although transitioning towards green ammonia is not one of the main international
sustainability targets, other more public goals and campaigns will most definitely indirectly promote it.
As nations continue to strive for decarbonised economies, electricity will become greener, so will
industrial processes, and so will ammonia.

The prospect of clean ammonia production is very positive and will lead to significant reductions in
greenhouse gas emissions. However, these reductions will only apply to the ammonia production chain.
Green ammonia will remain an environmental issue if used improperly. As touched upon in the previous
article of this series, N-based fertilisers (whether made from conventional ammonia or green ammonia)
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can have serious consequences on ecosystems and on global warming as a whole when not applied
properly. Nitrogen excess in soils can lead to water eutrophication and nitrous oxide emissions, for
example. In addition, nitrogen is known to lead to the mineralisation of carbon in soils, rendering it
unavailable to organisms. As a result, understand soil and crop N needs is essential to optimising carbon
cycling and to promoting yields. Such better understanding could also lead to a drop in N-fertiliser
need, which would in turn make more ammonia available to the maritime shipping sector, which could
in turn accelerate its defossilisation efforts.
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