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This pre-read is designed to help you get the most out of our upcoming webinar in collaboration with IHI Corporation.

Addressing the energy challenge: Why ammonia, and why now?

Ammonia (NH3) has long been a cornerstone of the global industrial economy. With roughly 210 million tons
produced in 2025 it has long been essential to the global economy, especially in fertilizer production. Now,
research is focusing on ammonia as a lower-carbon emissions fuel for power generation, a hydrogen carrier,
and a practical option for global energy transport and storage.

Why it matters for power

While hydrogen is a promising carbon-free fuel, it presents significant hurdles in storage and transportation.
Ammonia offers a strategic solution to these challenges. By "packaging" hydrogen into a liquid molecule that is
easier to store and transport, ammonia builds upon more than a century of existing global infrastructure and
operating and distribution know-how. Ammonia also offers several strategic advantages for the power sector:
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LOGISTICS INFRASTRUCTURE SCALABILITY

Unlike liquid hydrogen, ammonia Millions of tons of ammonia are Ammonia meets the power
liquefies at moderate pressure and already traded and stored annually, industry’s critical needs for high-
temperature, and its higher energy providing a ready-made foundation volume delivery, Iong-term

density offers a more established for energy applications. storage, and dispatchability.

shipping profile globally.

A tale of three molecules: methane, hydrogen and ammonia

Compared with methane and hydrogen, ammonia has narrower
flammability limits and lower flame speed, reducing some

ammoria J - yarogen ; combustion risks (as seen in table 1). However, appropriate

‘ deployment of ammonia requires strong standards and handling
protocols.

Liquid
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Ammonia Hydrogen Methane
CHARACTERISTICS (NH5) (H,) (CH,)

Molecular weight grams/mol 17 2 16

Boiling temperature °C (°F) -(?38? (:iggg) (—_221857)

Lower/Upper flammability limits % 15/28 4/75 4.4/17

Flame speed ~6-7 ~200-300 ~30-40

Carbon Steel Stainless Steel 9% Nickel Steel
Tank1.0 Tank 1.5X Tank 1.7X

~10% of total
Current trade volume Production Limited/Minimal 428 MT

(~20MT)

Tank Material and capacity ratio

Table 1. Comparison between ammonia, hydrogen and methane molecules
Information taken from IEA Ammonia Technology Roadmap Executive Summary; IEA Global Hydrogen Review 2024;
IEA Global Hydrogen Review 2025; International Group of LNG Importers (GIINGL) 2026 Annual Report.

AMMONIA IS AWELL-ESTABLISHED CHEMICAL PRODUCT AND CAN BE A FUEL.

It offers higher volumetric energy density and easier liquefaction compared to hydrogen,
which makes it suitable for direct use and combustion applications.

Technology is moving fast

Today, ammonia is mainly produced via the Haber-Bosch process using different hydrogen sources (e.g. natural
gas and coal). At the same time, new lower-emission pathways are advancing, including:

= Gas reforming with Carbon Capture Sequestration (CCS)

= Water electrolysis using renewable electricity

= Emerging next-generation synthesis technologies:
o Electrochemical synthesis (under development)
o Plasma-assisted synthesis (under development)

o Photocatalytic synthesis (research stage)
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https://www.iea.org/reports/ammonia-technology-roadmap/executive-summary
https://www.iea.org/reports/global-hydrogen-review-2024
https://www.iea.org/reports/global-hydrogen-review-2025
https://files.elfsightcdn.com/eafe4a4d-3436-495d-b748-5bdce62d911d/5157ed69-6c50-4238-8f53-d7e4449d2a98/GIIGNL-2026-Annual-Report_Final.pdf
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While these solutions mature, CCS enables low-carbon production today with technological maturity. Below you can
see how ammonia is produced today:

End use

Haber-Bosch Process . )
raditional uses for ammonia were as a

Hydrogen Ammonia is produced by the fertilizer, but in the energy transition it may
Hydrogen can be produced Haber-Bosch process in which nitrogen find new uses as a hydrogen carrier or
from natural gas. (N) reacts with hydrogen (H;) to potentially as a power generation fuel.

produce ammonia.

Nitrogen Transportation
Nitrogen is produced via air Liquid ammonia can be used as a pathway to
separation systems which cools air to transport hydrogen. Using ammonia means less
very low temperatures, low enough to energy is spent in creating and maintaining
liguefy the oxygen in the air. ammonia as a cryogenic liquid.

As of August 2026, 405.8 million tons of low-emission and transitional ammonia capacity? had been
announced—showing strong momentum across the value chain.
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lllustration 1 presents that about 75% of ammonia is currently produced from natural gas and naphtha, with a share
of 85% for fertilizers. As seen, ammonia is produced using various feedstocks, including renewable energy and
water electrolysis, or fossil fuels such as coal, heavy fuel oil (HFO), natural gas, and naphtha.
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Renewables Coal and HFO Natural gas and naphta
<1% ~25% ~75%
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85% ~15% <1%
Fertilizers Other current uses New uses
Urea Textiles Direct use:
Ammonium nitrate (AN) Refrigeration Maritime fuel
Diammonium phosphate (DAP) Explosives Stationary power
Ammonium sulphate (AS) deNOx Indirect use:
Monoammonium phosphate (MAP) Pharmaceuticals Hydrogen carrier

lllustration 1. Production of Ammonia, attributed to
International Renewable Energy Agency in partnership with Ammonia Enerqy Association

Industry milestone: 100% ammonia combustion
(joint development with IHI Corporation)

IHI and GE Vernova have successfully demonstrated 100% ammonia combustion using full-scale components
under full-load F-Class gas turbine conditions. This is a major step toward enabling ammonia as a dispatchable,
lower-carbon fuel for the grid. Our testing confirms that emission levels are aligned with the companies
‘development roadmap.

What this means for the grid:

= Decarbonization: providing reliable power with lower CO2 emissions
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https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2022/May/IRENA_Innovation_Outlook_Ammonia_2022.pdf
https://www.gevernova.com/news/press-releases/ihi-ge-vernova-achieve-milestone-100-ammonia
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= Energy security: enhancing grid stability through sustainable, dispatchable fuel

IGNITING THE NEXT GENERATION OF GAS TURBINES
100% AMMONIA COMBUSTION IN LARGE SCALE TEST

Test stand used to
successfully
demonstrate 100%
ammonia combustion
at GE Vernova F-class
gas turbine combustion
conditions

Proven, GE Vernova gas turbines
with over 1550 installed units with
over 100 million accumulated
operating hours on non-ammonia
fuels, across:

- 6F (50 or 60 Hz)

- 7F (60 Hz)

- 9F (50 Hz)

NEW AMMONIA COMBUSTION SYSTEM

Development Target

* Upto100%

« Retrofittable

« Single digit NOx ppm

g — *with conventional NOx after
Image credit: IHI treatment systems

The path forward

Unlocking ammonia at scale requires a full value-chain approach—from production and transport to storage and end
use. We believe in a holistic strategy that addresses:

= Appropriate handling and social acceptance - Addressing critical questions on NOx levels and handling.

= Economic viability and standardization - Developing international standards, technology, and regulatory
frameworks.

DEMYSTIFYING THE AMMONIA VALUE CHAIN FOR POWER GENERATION IHI
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Powering the future: East Asia leading the ammonia movement

The strongest demand signals today are coming from East Asia, where projects and policies are accelerating
ammonia-to-power deployment.

= Japan has demonstrated ammonia co-firing and is supporting market growth through policy tools such as
Contracts for Difference (CfDs).

= Singapore is advancing a 60 MW ammonia-fueled gas turbine pilot at Jurong Port.

= Reliance Industries Ltd (RIL) signed a long-term agreement to supply green ammonia to South Korea’s
Samsung C&T over 15 years.

Japan in particular is showing how policy, procurement, and imports can work together to
. build real demand and secure supply.

Japanese companies are starting to buy from new-build transitional and low-emission
ammonia from projects overseas. They are doing this to gradually replace the traditional,
higher emitting coal. This is more than a national story—it is a signal to the broader market
about what demand creation can look like when policy intent is backed by procurement and
deployment.

Going forward: Ammonia Energy Association (AEA) mission

The AEA and its members are leading efforts to decarbonize existing ammonia I\ AMMONIA ENERGY
S,

production and develop and expand lower-emission ammonia production ASSOCIATION

pathways via:

= Gas reformation with carbon capture and sequestration (CCS);
= Water electrolysis with renewable electricity; and

= Other technology pathways

From vision to reality: the road to 2030

The road to 2030 will depend on turning ambition into execution—moving announced projects into operational capacity
through collaboration, investment, and deployment. By the early 2030s®, we expect to see the scale-up of these
technologies potentially operating at a comparable scale, creating a balanced, resilient supply chain.
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POLICY CERTAINTY FIRM DEMAND SIGNALS ENABLING INFRASTRUCTURE

Like the schemes we're seeing in  Buyers willing to commit to the The logistics to move clean ammonia
Japan and South Korea. offtake. from production hubs to demand
centers.
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https://ammoniaenergy.org/articles/the-view-from-japan-2025-shaping-as-a-pivotal-year-for-ammonia-energy/
https://ammoniaenergy.org/articles/keppel-led-consortium-gets-nod-for-bunker-power-pilot-in-singapore/
https://www.energywatch.in/oil-and-gas/trump-announces-300-bn-reliance-backed-refinery-on-us-border-1st-new-us-refinery-in-50-years
https://ammoniaenergy.org/articles/reliance-secures-3-billion-ammonia-offtake-agreement-with-samsung-ct/
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Learn the work that GE Vernova and IHI have been doing to make this technology a reality by 2030s.

FROM VISION TO REALITY: ONE MILESTONE AT A TIME

2021 . IHI 100% NH; firing in 2MW GE Vernova x IHI Joint Development Agreement
Techno-economic gas turbines achieving 99+% CO, Next phase of engineering
study reduction in combustion and technology development
GO GE@EED Gl ()b
Development & Validation* Configuration Maturation* Large-scale Combustion
Power plant systems development, F-class combustor configuration Test facility (LCT)
continued testing and validation maturation through testing Ready to test F-class combust

GE@EDEOED aGEO D
2030 WAY FORWARD
Product Introduction* Leverage technology to
Offer solutions worldwide further collaborations

L (§)

*Expected dates based on current status.

Join the discussion

The energy transition is a marathon, not a sprint—but the pace of innovation is accelerating. During our upcoming
panel discussion, we will explore the realities of ammonia as a fuel source, including our latest updates on safety and
NOx control, with experts from the Ammonia Energy Association (AEA) and CF Industries.

100%

100% AMMONIA COMBUSTION EMISSIONS ON TRACK POWERING THE FUTURE

Full-scale combustion demonstrated Performance aligned with development Advancing low-carbon, reliable power
under commercial F-Class conditions. targets as testing continues. while enhancing energy security.

1 Source: S&P APAC Energy Market Outlook 2026

2 Transitional refers to the retrofit of existing ammonia plants with decarbonization technologies, most often carbon capture
and sequestration of process emissions. These plants generally serve existing end-uses (fertilizers, chemicals, explosives).
Source: Ammonia Energy Association

3 Expected dates based on current status.
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https://ammoniaenergy.org/wp-content/uploads/2026/06/SP-Global-Energy-APAC-2026.pdf
https://ammoniaenergy.org/wp-content/uploads/2026/08/AEA-LEAD-Plants-Executive-Summary-August-2026.pdf

