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Ammonia Energy Association

A global, cross-sectoral industry association that advocates for the
responsible use of ammonia in a sustainable energy economy.

Supply: decarbonize ammonia production.
Demand: adopt ammonia in energy markets.
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Ammonia Energy Association A

MEMBER LIST — June 2021

* indicates representation on Board of Directors

PLATINUM: CF Industries, The Hydrogen Utility, InterContinental Energy*,
KBR*, Monolith Materials, OCI, Yara*. GOLD: Acron, AFC Energy, Airgas,
Aker Clean Hydrogen, Asian Renewable Energy Hub, Casale*, Enaex, Engie,
Equinor, Fortescue Metals Group, Haldor Topsee*, Hydrofuel, LSB Industries,
Mitsubishi Heavy Industries, Nutrien*, Origin Energy, Proton Ventures*, Starfire
Energy*, thyssenkrupp Industrial Solutions, Trammo, Tri-State Generation &
Transmission. SILVER: AES Gener, Air Products, Ammonigy, Amogy, Argus
Media, BASF, Black & Veatch, Bureau Veritas, Burns & McDonnell, CDI
Engineering, Consorcio Edlico, Cummins, EIFER, Enterprize Energy, Fertiberia,
GenCell Energy, GTI, Gunvor Group, H2Site, Horisont Energi, HyFuels
Holdings, Intecsa Industrial, Linde, Lotte Fine Chemical, Maersk, Nel Hydrogen*,
OGS Global, Organics Group, Pacific Green Technologies, SagaPure, Schoeller-
Bleckmann Nitec, Shell, Sperre Industri, Stamicarbon, Thorium Energy Alliance*,
TotalEnergies, Tsubame BHB, Wabash Valley Resources, Wonik Materials,
Woodside Energy. MEMBERS: Air Liquide, Airthium, Arizona Public Service,
Arranged, AustriaEnergy, Brittany Ferries, C-Job Naval Architects, Carbon-
Neutral Consulting*, CHZ Technology, Cura I'T, Danaos Shipping, Duiker
Combustion Engineers, Eneus Energy, ESNA, Exmar, Gaztransport & Technigaz,
George Propane Inc, GESCA, Greenfield Nitrogen, Idemitsu Kosan, Incitec Pivot,
I'T Power Australia, JGC Holding Corporation, John Cockerill, MAN Energy
Solutions, MicroEra Power*, Nebraska Public Power District, Netsco, Nordex,
Northern Nitrogen, NYK Energy Transport (USA), Osaka Gas USA, Renewable
Hydrogen Corporation Canada, Renewable Solutions*, SAFCell, SBM Schiedam,
Syntex, Terrestrial Energy, UPC\AC Renewables, Varo Energy, Vopak.
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Roles for Clean Ammonia

Fertilizer, Hydrogen Carrier,
Fuel for Maritime & Electric Power Generation
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Ammonia for Fertilizers A
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° Global market: 180 mllhon Potential ramp up of green ammonia production in Pilbara
tons per year (2 most- ‘ PHASE 1 pHASE 3
. y Solar Green Plant
produced chemical). - e . Lo s

* International trade: 18
million tons per year.

* 1% global GHG emissions.
* >150 years of knowhow.

2025-2030 / 180ktpa*

e For decarbonization,
~ 1 , OOO eXiSting plants tO H * Expiictad tma to mathat | volumed of grean ammonin 15

revamp or replace Wlthln Chris Ryjksen (Plant Manager, Yara Pilbara), “Green hydrogen feed for Haber Bosch ammonia

synthesis,” AEA Australia Conference, August 2019.
https://www.ammoniaenergy.org/paper/green-hydrogen-feed-for-haber-bosch-ammonia-
synthesis/

30 years.


https://www.ammoniaenergy.org/paper/green-hydrogen-feed-for-haber-bosch-ammonia-synthesis/

Ammonia as a Hydrogen Carrier A

*  Ammoniais 17.8% Hydrogen
* Liquid at -33°C (vs. -253°C)
*  50% more H2 than H2

* Ammonia pipelines:
0.5x cost of natural gas pipelines
0.25x cost of hydrogen pipelines
(because ammonia 1s denser)

* Ammonia tanks:
60,000 ton tank holds 90 GWh

* Ammonia cracking: energy penalty,
but competitive vs hydrogen transport
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Carbon-free hydrogen
Produced and delivered with proven, world-class technology
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Air Products investor presentation, “Carbon-Free Hydrogen: The Energy
Source of the Future,” July 07, 2020 http://investors.airproducts.com/static-
files/b0595961-b2ac-45{1-89¢5-7d9d8837a363



http://investors.airproducts.com/static-files/b0595961-b2ac-45ff-89c5-7d9d8837a363

Ammonia for Maritime Fuel A
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« April 2018, IMO Initial GHG Pl tosbperyest
Strategy: 50% reduction by 2050. Decarbonization by 2050 e —
100 7ﬁ
* 5% zero-carbon fuels by 2030, Zg
implies 60GW electrolyzers to 70
produce 30 million tons ammonia :g
(0.64 EJ / 15.8mt HFOe) 4B kel
30 ‘
5% by 2030
*  93% zero-carbon by 2046 fg
>1TW electrolyzers 0 T
~300 million tons ammonia 2020 2025 2030 2035 2040 2045 2050

COP26 Climate Champions / UMAS: Getting to Zero Coalition: “Five percent
zero emission fuels by 2030 needed for Paris-aligned shipping decarbonization,”
March 2021 https://www.globalmaritimeforum.org/content/2021/03/Getting-
to-Zero-Coalition Five-percent-zero-emission-fuels-by-2030.pdf



https://www.globalmaritimeforum.org/content/2021/03/Getting-to-Zero-Coalition_Five-percent-zero-emission-fuels-by-2030.pdf

Ammonia for Electric Power A
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o . . Cole et al., Quantifying the challenge of reaching a 100% renewable energy power system for the
nghCSt incremental United States, Joule (2021), https://doi.org/10.1016/{.joule.2021.05.011

abatement cost (lowest
systemic levelized cost)



https://doi.org/10.1016/j.joule.2021.05.011

Ammonia for Electric Power

* For energy importer nation,
“electrity everything” 1s
inefficient: direct use of
imported molecules pretferable.

* In Japan:
* Ammonia-Coal co-firing:
20% by energy content,

1GW plant consumes 0.5 mtpy;
3mt demand by 2030

¢ 100% Ammonia gas turbine,

30mt domestic demand by 2050,

100mt regional demand by 2050
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Japan’s Road Map for Fuel Ammonia
(Japan’s Green Growth Strategy: Dec 2020, Public-Private Council: Feb 2021)
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METT, Fuel Ammonia Road Map, February 2021,

https://www.ammoniaenergy.org/articles/japans-road-map-for-fuel-ammonia/



https://www.ammoniaenergy.org/articles/japans-road-map-for-fuel-ammonia/

Thank you

tbrown@ammoniaenergy.org

Join us for our 18" Annual Ammonia Energy Conference
Boston, November 9-11
Call for Abstracts closes July 15

https://www.ammoniaenergy.org/conferences-events/
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