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The New Alchemy in the Carbon Neutrality: Turning Water into

Ammonia with only Renewable Energy!
- KIMM develops a process for producing ‘green ammonia’ with zero carbon emissions -

[] The Korea Institute of Machinery and Materials (KIMM, President Sang-jin Park), an institution
under the jurisdiction of the Ministry of Science and ICT, has developed an innovative process
that uses renewable energy to produce ammonia at room temperature and normal pressure. This
innovative technology is expected to dramatically contribute to achieving carbon neutrality in the
future through the development of an ammonia production process that produces zero carbon

emissions.



[] Led by the Principal Researcher Dr. Dae Hoon Lee, the KIMM research team at the Department
of Plasma Engineering succeeded in developing an innovative, carbon-zero process for producing
ammonia. On August 5th, they published their research findings in ACS Energy Letters, a
renowned journal in the field of energy research.

*Article Title: “Plasma Catalyst-Integrated System for Ammonia Production from H20 an N2 at

Atmospheric Pressure”

[l The organic process of synthesizing ammonia (the Haber-Bosch method), developed by Fritz
Haber and Karl Bosch in 1913, uses ammonia as a fertilizer, and is regarded as a discovery that
greatly increased agricultural productivity and served as the basis for agricultural innovation.
Especially, the ammonia has been receiving attention as an eco-friendly fuel with zero carbon
emissions recently. This is because ammonia, which is a compound of nitrogen and hydrogen,

does not emit carbon dioxide even when burned.

[ ] However, to synthesize ammonia using the Haber-Bosch method, high-pressure and high-
temperature conditions must be met, with a pressure of at least 200 atm and a temperature of at
least 400 degrees Celsius. Also, since fossil fuels such as natural gas are used to produce hydrogen,

a large amount of energy is consumed, thus leading to high levels of carbon dioxide emissions.

[J According to a 2020 report by the Royal Society”, the Haber-Bosch method consumes around
1.8% of the world’s energy to produce ammonia, and the levels of carbon dioxide emitted in this
process account for 1.8% of the world’s total carbon dioxide emissions.
*https://royalsociety.org/-/media/policy/projects/green-ammonia/green-ammonia-policy-

briefing.pdf

] The process for producing ammonia developed by the KIMM research team involves combining
water with nitrogen plasma, thus producing hydrogen and nitrogen oxides. These resulting oxides
and reduced to ammonia by hydrogen with catalysts. More than 99% of the nitrogen oxides
produced by this plasma reaction become nitrogen monoxide, which can be easily reduced to

ammonia. The nitro monoxide then react to the co-produced hydrogen to produce ammonia with



over 95% of high selectivity, and the heat generated during the plasma decomposition process is

used for the catalytic synthesis process.

[] Since this process does not use any fossil fuels and is a technology that can produce ‘green
ammonia’ with zero carbon dioxide emissions, it can achieve a yield 300 to 400 times greater
than that of existing electrochemical ammonia production technologies which are considered as

the alternatives for the Haber-Bosch method.

L] In addition, this process can be expanded on a large scale relatively easily through modular system
due to the fact that the reaction occurs with only the water and nitrogen at room
temperature/pressure condition, as opposed to the high-temperature/pressure conditions that must
be met for existing methods of ammonia production. Furthermore, an aqueous solution of nitrate,
a byproduct generated as a result of the ammonia production process, can be used as an

agricultural nutrient solution and oxidizing agent.

(1 In the future, the KIMM research team hopes to improve the cost and efficiency of ammonia
production by developing scale-up and commercialization technology. The team also aims to
collaborate with domestic and foreign engineering companies in expanding their efforts to
ammonia plants, particularly small- and medium-sized plants that can operate at normal-pressure

and room-temperature conditions.

[ Principal Researcher Dr. Dae Hoon Lee emphasized that he and his team have developed an eco-
friendly ammonia production process that can be applied to actual facilities and, in theory, does
not emit any carbon. He also stated that he and his team will do their best in conducting follow-

up research and development to help dramatically cut global carbon emissions.
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The Korea Institute of Machinery and Materials (KIMM) is a non-profit government-
funded research institute under the Ministry of Science and ICT. Since its foundation
in 1976, KIMM is contributing to economic growth of the nation by performing R&D
on key technologies in machinery and materials, conducting reliability test evaluation,

and commercializing the developed products and technologies.

This research study was conducted with the support from the KIMM Planning Project and the
National Research Council of Science and Technology’s Convergence Research Project. An article
explaining the results of this research was published in ACS Energy Letters, with the title
“Plasma Catalyst-Integrated System for Ammonia Production from H20 and N2 at
Atmospheric Pressure.” (DOI: https://doi.org/10.1021/acsenergylett.1c01497)

Credit : The Korea Institute of Machinery and Materials (KIMM)
Usage Restrictions of Multimedia (Attachment File) : The sources of photos and research results from KIMM

must be specified.




- Attachment 1: Comparison diagram for the ammonia production process (Image)
(Haber-Bosch method/plasma catalyst-integrated system for green

ammonia production method)
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Photo description:

(Top) The Harber-Bosch method: using the hydrogen (extracted by the thermal
decomposition of natural gas) and the atmospheric nitrogen as reactants, this method
produces ammonia by using catalyst under the high-temperature/pressure condition.
(Bottom) The plasma catalyst-integrated system for green ammonia production method: an
environment-friendly method that produces ammonia through the plasma catalyst-integrated

system using the atmospheric nitrogen and water.



- Attachment 2: The research team for the plasma catalyst-integrated system for green

ammonia production technology (Photo)

Photo description: KIMM’s Dept. of Plasma Engineering research team.
(Right) Dr. Dae Hoon Lee (head of the Dept., principal researcher)
(Middle) Dr. You-Na Kim (senior researcher)

(Left) Dr. Igbal Muzammil (post-doctoral researcher)



