What is ammonia based energy storag

under which it provides an efficient decarbonized energy storage solut ve larg
energy,for a long period of time and in a trans ortable form. The outllne of thls paper

What are the steps in energy storage and utilization via ammonia? : %
Hydrogen production,ammonia synthesis and ammonia utilizationare the key steps in energy storage and
utilization via ammonia. The hydrogen production employ carbon resources and water as feedstocks. The
Group VIII metals,such as Ru,Rh,Pt,Ir,Ni,and Co,are active for reforming of carbon feedstocks.

Is ammonia a good energy carrier?

Ammonia is a premium energy carrierwith high content of hydrogen. However,energy storage and utilization
via ammonia still confront multiple challenges. Here,we review recent progress and discuss challenges for
the key steps of energy storage and utilization via ammonia (including hydrogen production,ammonia
synthesis and ammonia utilization).

Can ammonia be used for energy storage & utilization?

Based on these future perspectives,energy storage and utilization via ammoniawill solve a series of crucial
issues for developments of hydrogen energy and renewable energies. In modern society,hydrogen storage
and transportation are bottleneck problems in large-scale application.

Could ammonia and hydrogen be the future of energy storage?

f the future. It compares all types of currently available energy storage techniques and shows that ammonia

and hydrogen are the two most promising solutionsthat,apart from serving the objective of long-term storage
in a low-carbon economy,could also be generated through a carbon
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To assist shipbuilders and owners make the move
to ammonia fuel, The Maersk Mc-Kinney M?ller
‘ Center for Zero Carbon Shipping has produced a

|
@ ” comprehensive guide to ship design solutions for
ammonia fuel in oceangoing container ships, bulk
carriers, and tankers. MMMCZCS notes that critical
to onboard safety is the choice of ammonia fuel
storage system, secondary ??7?

The global market for ammonia is forecast to
increase x3 ??? from 200MT in 2020, to 600-700MT
by 2050 ??7? and 66% of this growth will be driven
by low-carbon ammonia: from 0.02MT in 2021 to
420MT by 2050.. This massive new demand is

- expected as ammonia enters a new sector: green
Ve == energy, including use directly as a low-carbon fuel in

gas power ???

The opinion expressed in this paper is that
renewable ammonia as a long-duration energy
storage medium is a key enabler for islanded
energy systems (Figure 1).We provide insights into
the current state of renewable ammonia production

and subsequent use of ammonia for power and heat
generation.
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The CSIRO study specifically elucidates three
end-use scenarios for ammonia fuel, quantifying the
round-trip efficiency of ammonia as: (1) a high-purity
hydrogen carrier for fuel cell vehicles (PEMFC), (2)
a hydrogen carrier for stationary fuel cells (SOFC),
and (3) a direct fuel for internal combustion engines
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With more than 23 countries represented by almost
300 state-of-the-art research presentations and
posters spread across 11 subjects and 7 parallel
sessions, a unigue "academia plus industry"
workshop, 7 high level ???

INTEGRATED DESIGN
EASY TO TRANSPORT AND INSTAL

H

In an article for the recently-published latest edition
of our quarterly journal, PV Tech Power (Vol.24),
Janice Lin of the Green Hydrogen Coalition based in
the US wrote that "of the commercially available

solutions, ???
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Australia-based Pilot Energy has been approved as
a potential low-emission ammonia fuel supplier for
power generation in South Korea. In May 2025 the
South Korean government announced that a clean
hydrogen power bidding market would be
established, including ammonia co-firing at existing

coal power stations. The annual bidding volume will
be ???

In particular, we investigated a concept with
ammonia decomposition using heat stored in a
thermal energy storage during the charging phase
followed by a hydrogen-fueled alkaline fuel ???

In March 2022, the Government of Taiwan
announced its plans to become carbon neutral by
2050. The published roadmap, Taiwan's Pathway to
Net-Zero Emissions in 2050, featured Energy
Transition as one of four key pillars.As part of the
energy transition plan, the country placed a budget
of NT$210.7 billion (equivalent to about USD$6.5
billion) by 2030 ??7?
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While a low technology readiness level [50] may be
an issue for all the components of the ammonia
energy storage ecosystem, especially direct
ammonia production by electrolysis and direct
ammonia fuel cells, undoubtedly support with
adequate research and development expenditure

can easily solve most of the issues ammonia is
facing for the use

Here we propose an intelligent hydrogen-ammonia
combined energy storage system. To maximize net
present value (NPV), deep reinforcement learning
(DRL) is employed for the energy management
strategy, dynamically adjusting the priority between
hydrogen and ammonia. The results indicate that
the DRL pathway achieves the highest NPV of 1.38
M

All CO 2 in an ATR is produced in concentrated
i i T form, and is captured with an amine solvent. The
, ". Eju i ]w’"m overall carbon capture rate for ATRs is in the range
T —— — 93-98%, with an under-construction commercial
project in the USA aiming for capture rates beyond
95%.. Numerous low-emission ammonia plants

based on ATR with carbon capture and storage
(CCS) have been announced, ???

(C) 2025 Solar Energy Resources 5/9 Web: https://www.gebroedersducaat.nl



AMMONIA ENERGY STORAGE SOLAR
KYRGYZSTAN

Ammonia is a commodity, a low-carbon fuel, and an
energy carrier. Global annual ammonia production
is over 230 million tonnes (Statista, 2021), and more
than 3/4 of the ammonia is used for agriculture (e.qg.,
fertilizers) to increase food production (Mordor
Intelligence Analysis, 2021).Meanwhile, ammonia
can be used as a fuel with a lower heating value of
18.6 ???

Amogy builds a novel carbon-free high energy
density system using ammonia (NH3) as a fuel, with
the targeted system-level energy densities of
>1,000 Wh/kg (gravimetric) and >750 Wh/L

R (volumetric), respectively. The solution consists of

ammonia storage, a miniaturized fuel processor (or
called reformer/reactor) and a fuel cell.

Outdoor Cabinet Energy Storage System

Ammonia fuel is gaining significant attention as a
potential alternative to fossil fuels, with much debate
surrounding the advantages and disadvantages of
ammonia fuel. Ammonia fuel acts as an energy

carrier similar to hydrogen but has several unique
properties. This makes it a versatile energy source

?H!i e for various applications, including energy storage
_t | EdEaLE and ?2?
7 U —
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In an article for the recently-published latest edition
of our quarterly journal, PV Tech Power (Vol.24),
Janice Lin of the Green Hydrogen Coalition based in
the US wrote that "of the commercially available
solutions, green hydrogen was the only low-carbon,
potentially economically viable option to support
seasonal, dispatchable, scalable energy storage for
the ??2?

The CSIRO study specifically elucidates three
end-use scenarios for ammonia fuel, quantifying the
round-trip efficiency of ammonia as: (1) a high-purity
hydrogen carrier for fuel cell vehicles (PEMFC), (2)
a???

2 ? Yara has commenced the production of
biomethane-based ammonia at its industrial
complex in Cubat?o, Brazil. The biomethane is
sourced from sugarcane waste in place of fossil
gas, reducing GHG emissions by up to 75%.
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Ammonia is considered to be a potential medium for
hydrogen storage, facilitating CO2-free energy
systems in the future. Its high volumetric hydrogen
density, low storage pressure and stability

Apart from energy transportation and storage,
ammonia can be used for power generation directly
in efficient high temperature solid oxide fuel cells
(SOFC), internal combustion engines or gas

turbines [5]. These technologies are appropriate for
combined heat and power, and represent an

]

w i

l;}ir s excellent opportunity to exploit ammonia as a
’ " e carbon-free

As an energy storage medium, ammonia can not
only be used as fuel but can also be applied as
green fertilizer and chemical precursor. If
solar-based ammonia can be applied in the
traditional ammonia market, it will contribute huge
GHG emission reduction at amount of 158.87 million
tons CO 2-eq. in total. It suggests that ammonia
production
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2. New zero-carbon uses for green ammonia 21 2.1
The storage and transportation of sustainable
energy 22 2.2 Ammonia for the transportation and
provision of hydrogen 26 2.3 Technological
opportunities for ammonia as a transport fuel 28 2.4
The use of ammonia in heating and cooling 32 2.5
Energy conversion efficiency 32 3.

??? U.S. Dept. of Energy SunShot supports
research into energy storage for CSP ???
Performance Goal: Recover heat at 650 C to enable
advanced power block ??? Target for Capital Cost:
$15 per kWh of energy stored ???not to be
confused with LCOE ???denominator not to be
confused with energy for combustion of NH 3

ammonia energy, including: ??? Establishing an
Ammonia Certification System, ??? Sharing and
amplifying best practices around safety and
identifying gaps. Advocacy ??? Promoting the
continued safe use of ammonia, from production
and storage through transportation and end use;
?7?7? Engaging with governments, regulatory bodies,
and
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