
 

Why green ammonia may not be that green
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Credit: AI-generated image (disclaimer)

Ammonia has been in the news because of its suitability as a hydrogen
carrier and fuel, in addition to being a vital ingredient in fertiliser.
Existing distribution networks and the ease of turning ammonia gas into
a liquid make ammonia a cost-effective way to transport renewable
energy. For a given volume, ammonia—a molecule made up of three
hydrogen atoms and one nitrogen atom—carries about 50% more
hydrogen atoms than hydrogen itself.
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https://sciencex.com/help/ai-disclaimer/
https://stockhead.com.au/energy/ammonia-a-critical-ingredient-in-fertilisers-but-how-do-we-reduce-the-emissions-that-come-with-it/
https://www.rechargenews.com/energy-transition/shipping-green-hydrogen-to-the-eu-will-be-too-expensive-but-importing-green-ammonia-would-be-cheaper-than-producing-it-locally/2-1-1100579


 

As ammonia contains only hydrogen and nitrogen, it does not emit 
carbon dioxide when used. If made using green hydrogen (produced with
renewable energy), its production also does not emit carbon dioxide.
Therefore, green ammonia could help achieve a net-zero world,
particularly as a fuel for long-haul transport and heavy industry.

Australia is well placed to develop a major renewable hydrogen export
industry, potentially using green ammonia. Proposed projects include 
Cape Hardy, Collinsville, Australian Renewable Energy Hub, HyNQ, 
H2Tas and Gibson Island.

Unfortunately, just because ammonia doesn't contain carbon, that doesn't
make it good for the environment. It's a source of nitrogen pollution,
which has many damaging environmental impacts. Despite Australia's
natural advantage in producing green ammonia, we ironically have the
biggest per capita nitrogen footprint in the world.

Rarely, though, do green ammonia proponents critically assess its 
environmental sustainability beyond net zero claims.

Exceeding planetary boundaries

The Stockholm Resilience Centre defines nine processes that regulate
Earth to support life as we know it. The boundaries of a "safe operating
space" have been defined for each process.

You probably won't be surprised to know climate change is one of the
boundaries we have exceeded. You could be forgiven for thinking it has
been our biggest impact on the planet. But that "honour" goes to
biogeochemical flows of nutrients, mostly as a result of nitrogen
fertilisers.

Why? Well it comes back to ammonia.
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https://phys.org/tags/carbon+dioxide/
https://phys.org/tags/renewable+energy/
https://www.yara.com.au/crop-nutrition/grow-the-future/sustainable-farming/green-ammonia/
https://www.afr.com/street-talk/carlyle-backed-amp-energy-powers-up-for-sa-green-hydrogen-precinct-20230412-p5czqc
https://www.theguardian.com/australia-news/2022/sep/21/korean-companies-plan-to-turn-queensland-coalmining-town-into-renewable-energy-powerhouse
https://www.bp.com/en_au/australia/home/who-we-are/reimagining-energy/decarbonizing-australias-energy-system/renewable-energy-hub-in-australia.html
https://www.csenergy.com.au/news/cs-energy-joins-nq-green-ammonia-project#:~:text=HyNQ%20was%20initiated%20by%20Energy,supply%20chain%20of%20North%20Queensland.
https://reneweconomy.com.au/woodside-obtains-land-for-1-7gw-green-hydrogen-plans-for-tasmania/
https://www.incitecpivot.com.au/sustainability/projects/green-ammonia-at-gibson-island
https://phys.org/tags/environmental+sustainability/
https://www.stockholmresilience.org/research/planetary-boundaries.html
https://phys.org/tags/climate+change/


 

  
 

  

Green ammonia produced using renewable energy can be used for power
generation, energy storage and transport, fuel and fertiliser. Credit: Source: The
Davos Agenda/World Economic Forum, CC BY-NC-ND

 Unbalancing the nitrogen cycle

Nitrogen makes up 78% of our atmosphere as dinitrogen gas (N₂).
However, in this form it is inaccessible to living organisms.

To support life, nitrogen must be converted into reactive forms such as
ammonia. Once it reaches ecosystems, ammonia undergoes a series of
chemical transformations. Eventually it breaks up again into N₂, and the
cycle can start over again.

For millions of years, the processes in each step of the cycle have been
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https://www.weforum.org/agenda/2021/01/green-ammonia-stop-fossil-fuels/
https://www.weforum.org/agenda/2021/01/green-ammonia-stop-fossil-fuels/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://climate.nasa.gov/news/2491/10-interesting-things-about-air/


 

in balance. However, industrial fertiliser production in the 20th century
has thrown this cycle out of balance.

On the upside, ammonia has been a miracle chemical for growing food.
An estimated 3.5 billion people are being fed thanks to chemical 
fertilisers. This means almost half of the world's population would go
hungry if not for synthetic ammonia.

The downside is too much reactive nitrogen is ending up in the
environment—more than twice as much as the recommended planetary
boundary.

In the case of excess nitrogen, crossing its planetary boundary has
already had huge consequences. It has led to deterioration of ecosystems,
photochemical smog, acid rain and health problems such as respiratory
illnesses and cancer, algal blooms leading to fish kills such as the recent 
one at Menindee Lakes, damage to the Great Barrier Reef, and
greenhouse gases much more potent than carbon dioxide.

Producing additional ammonia as a renewable energy carrier could make
these problems even worse.

A problem of leakage
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https://ourworldindata.org/grapher/world-population-with-and-without-fertilizer?country=~OWID_WRL
https://www.science.org/doi/10.1126/science.1259855
https://www.science.org/doi/10.1126/science.1259855
https://phys.org/tags/acid+rain/
https://phys.org/tags/health+problems/
https://phys.org/tags/respiratory+illnesses/
https://phys.org/tags/respiratory+illnesses/
https://phys.org/tags/algal+blooms/
https://www.theguardian.com/australia-news/2023/apr/11/menindee-mass-fish-kill-satellite-images-researchers-blackwater-release-darling-baaka-river-australia


 

  

The Stockholm Resilience Centre planetary boundaries. (BII stands for
Biodiversity Intactness Index. E/MSY is the number of extinctions per million
species-years, a common measure of extinction rates. P stands for phosphorus
and N for nitrogen.) Credit: Source: Azote for Stockholm Resilience Centre,
based on analysis in Wang-Erlandsson et al 2022, CC BY-NC-ND
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https://www.stockholmresilience.org/research/planetary-boundaries.html
https://www.stockholmresilience.org/research/planetary-boundaries.html
http://creativecommons.org/licenses/by-nc-nd/4.0/


 

Some estimate ammonia supply chains leak it into the environment at
rates as high as 6%. However, research is limited. More widely
understood natural gas supply chains may provide a ballpark figure of
around 2.6%.

Replacing fossil fuels with ammonia for long-haul trucks and shipping
might reduce the carbon footprint of transport (which accounts for 37%
of total carbon dioxide emissions). Yet, if 2.6% of ammonia leaked from
the supply chain, we estimate this could triple the reactive nitrogen flux,
further overshooting the planetary boundary. At a 6% leakage rate, it
could be four times.

We all know how climate change has been changing our world—and that
is at "only" 1.2 times the carbon planetary boundary. Using green
ammonia as a renewable energy carrier could have an even greater
impact on the nitrogen planetary boundary.

A complement to ammonia

Another renewable energy carrier can be made from green hydrogen:
methanol. It's a molecule of four hydrogen atoms and single carbon and
oxygen atoms.

Like ammonia, methanol can be used as a fuel. It could replace 
petrochemical feedstocks used in industrial processes and
manufacturing. Our research shows methanol could also enable
biotechnology to better integrate with industrial processes.

More significantly, methanol doesn't affect the nitrogen cycle. As long
as it is made using a renewable source of carbon, such as carbon dioxide
from direct air capture, there is a net zero impact on the environment.
International Energy Agency projections show the United States has a
greater emphasis on green methanol, while Australia and Europe are
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https://bioone.org/journals/ambio-a-journal-of-the-human-environment/volume-31/issue-2/0044-7447-31.2.64/Reactive-Nitrogen-and-The-World-200-Years-of-Change/10.1579/0044-7447-31.2.64.full
https://www.iea.org/reports/driving-down-methane-leaks-from-the-oil-and-gas-industry
https://www.iea.org/topics/transport
https://www.sciencedirect.com/science/article/pii/S2451910322002423
https://phys.org/tags/hydrogen+atoms/
https://www.cnbc.com/2021/08/24/maersk-spends-1point4-billion-on-ships-that-can-run-on-methanol.html
https://www.eia.gov/tools/glossary/index.php?id=Petrochemical%20feedstocks#
https://pubs.rsc.org/en/content/articlelanding/2023/SE/D2SE01551J
https://phys.org/tags/nitrogen/
https://phys.org/tags/carbon/
https://theicct.org/a-step-forward-for-green-methanol-and-its-potential-to-deliver-deep-ghg-reductions-in-maritime-shipping%E2%80%AF/
https://iea.blob.core.windows.net/assets/e57fd1ee-aac7-494d-a351-f2a4024909b4/GlobalHydrogenReview2021.pdf


 

more focused on green ammonia.

Environmental sustainability means more than net zero. In the case of
green ammonia, holistic thinking is needed so we don't solve one
problem only to make another worse.

This article is republished from The Conversation under a Creative
Commons license. Read the original article.
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