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Why ammonia?
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Link: https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2022/May/IRENA Innovation Outlook Ammonia 2022.pdf
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Production pathways

Current production (183 Mt) exclusively
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production, so determines CO, footprint!

* Colours of ammonia # carbon footprint,
as depends on Scope 1-3 emissions
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Decarbonising ammonia production

Total announced low carbon ammonia capacity
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Recent policy developments

* EU: EU ETS & CBAM (Shipping fully introduced in ETS by 2026)
* USA: IRA up to 3 USD/kg-H, tax credit = 533 USD/t-NH,
* Also, tax credit for CCS (permanent) now 85 USD/t-CO,
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Renewable ammonia

* Renewables: electrolysis-based
H, production (& N, production ) —— Sustainable
via PSA/ASU) + Haber-Bosch for v — R electricy
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commercial

Sustainable § BosCH 3

electricity ~—»% PROCESS §

0
T 7
''''''

100+ MW plants (<20 MW per module)
Hydropower + alkaline electrolysis




Electrolysis-based ammonia (green ammonia grid connected)

* The oldest electrolysis-based ammonia plant still in operation is located in
Cusco (Peru), starting operation in 1965. Enaex currently operates the plant,
which as a capacity of about 32 KTPA ammonia.

e The main application of this grid-connected electrolysis plant is nitrate
production, for example for the mining industry (explosives).

Key metrics

Cusco  Grid electricity 35 MW 32 KTPA 1965

Peru Partly hydropower Alkaline electrolysis Newbuild Operational

Link: https://www.enaex.com/pe/es/enaex-peru-history/



https://www.enaex.com/pe/es/enaex-peru-history/
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Scaling-up intermittent renewable ammonia
production
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Link: https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2022/May/IRENA Innovation Outlook Ammonia 2022.pdf
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Annual ammonia capacity (million tons)
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Renewable ammonia production feedstock

* Complementary solar & wind = high electrolyzer load factor

Announced renewable ammonia capacity, by technology
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Total announced renewable
ammonia capacity, by technology

Annual ammonia capacity (million tons)
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Renewable ammonia (green ammonia grid connected partial revamp)

* In 2023, Yara will partially decarbonize its Porsgrunn
ammonia plant in Norway with a 24 MW PEM
electrolyzer, manufactured by ITM Power and to be
installed by Linde Engineering. Electricity is derived
from the hydropower-based Norwegian grid.

* Full electrification of the Porsgrunn ammonia plant,
equivalent to 500 KTPA, is planned for 2026.

Key metrics

Porsgrunn  Grid electricity 24 MW 25 KTPA 2023

Norway Mainly hydropower pPEM electrolysis Partial revamp of 500 KTPA  Construction

Link: https://www.ammoniaenergy.org/articles/yara-selects-linde-engineering-to-build-electrolysis-plant-at-porsgrunn/



https://www.ammoniaenergy.org/articles/yara-selects-linde-engineering-to-build-electrolysis-plant-at-porsgrunn/

Renewable ammonia (green ammonia partial revamp)

* In 2022, Fertiberia partially decarbonized its site in Puertollano
with 17 KTPA renewable ammonia, to be utilized for fertilizer
production. The renewable hydrogen is delivered by Iberdrola,
which operates a 100 MW solar PV field, with 5 MW battery
storage, 20 MW PEM electrolyzers, and 11 high pressure

hydrogen storage tanks.

Key metrics

Puertollano 100 MW 20 MW 17 KTPA 2022

Spain Solar PV & Grid PEM electrolysis Partial revamp of 200 KTPA  Operational

Link: https://www.iberdrola.com/about-us/what-we-do/green-hydrogen/puertollano-green-hydrogen-plant



https://www.iberdrola.com/about-us/what-we-do/green-hydrogen/puertollano-green-hydrogen-plant

Renewable ammonia (green ammonia newbuild)

Electrolyzer

* The NEOM project in Saudi Arabia is among the first world-
scale greenfield renewable ammonia plants, which is set to
produce 1200 KTPA by 2026, based on a S$6.5 billion _— Hydrogen
investment. The plant consists of renewable electricity r%‘
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* The aim is to export the ammonia as fuel or hydrogen carrier,
for example to Northern Europe.

Key metrics

NEOM 4 GW >2 GW 1200 KTPA 2026

Saudi Arabia gplar PV & Wind  Alkaline electrolysis Newbuild Planned

Link: https://www.ammoniaenergy.org/articles/thyssenkrupp-to-install-2-plus-gw-of-electrolysers-for-neom/



https://www.ammoniaenergy.org/articles/thyssenkrupp-to-install-2-plus-gw-of-electrolysers-for-neom/

Renewable ammonia (green ammonia newbuild)

* The AREH developed by InterContinental Energy is a greenfield site in
Pilbara (Australia) with the aim to produce 9900 KTPA from an area of 6500
km? by the mid 2030s. The key market is the Asian fuel market.

* FID is expected in 2025, and Oil & Gas major BP recently acquired a 40.5%
equity stake in the project, to become the operator.
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Key metrics

Pilbara 26 GW 14 GW 9900 KTPA 2035

Australia  gojar PV & Wind Electrolysis Newbuild Planned

Link: https://www.ammoniaenergy.org/articles/bp-to-acquire-majority-stake-operatorship-of-asian-renewable-energy-hub/



https://www.ammoniaenergy.org/articles/bp-to-acquire-majority-stake-operatorship-of-asian-renewable-energy-hub/
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Thank you for your attention!

Contact details:
* Kevin Rouwenhorst (krouwenhorst@ammoniaenergy.org)
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