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Nitrogen issue in Planetary Boundaries &I Nanoblue &CAIST

Create the Future, Collaborate Together

Nitrogen emissions : one of the most serious issues on Planetary Boundaries
Problems, political trends and technical solutions are introduced

Facts about Nitrogen Pollution (from UNEP HP)

« Each year, 200 million tonnes of reactive
nitrogen is lost to the environment

« 100 Billion USD could be saved by setting an
ambitious goal to reduce nitrogen waste.
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* Nitrogen pollution is the biggest driver of
biodiversity loss on the planet.
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e « Nitrogen oxides (NOx) can lead to smog and
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« Ammonia (NH;) emissions create extremely
dangerous particulates, e.g. PM2.5
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Stockholm Resilience Centre, https://www.stockholmresilience.org/research/planetary-boundaries.html
Why does nitrogen pollution matter?, https://www.unep.org/facts-about-nitrogen-pollution
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Global nitrogen waste & UN agreements QS Nanoblue &ZAIST

Create the Future, Collaborate Together

As nitrogen waste is increasing, UN has also concluded various agreements.
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Sutton, et al., One Earth, 2021, 4, 10
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Recent trends in international politics 8 Nanoblue <TAIST

Nitrogen waste is increasing, and UN has also concluded various agreements.
Resolutions
UNEA-4(2019) 4/14 :

UNEA-5 (2022) 5/2 : “significantly reduce nitrogen waste globally” and a timeline “by
2030 and beyond"

CBD-COP15(2022) : reducing nutrients lost to the environment by at least half.
Actions

INMS(The International Nitrogen Management System, 2016-), developing
international process, providing science-based support to policy makers globally.

UNEP WG on Nitrogen (2020-) The focal point of 95 countries has been nominated.
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UNEA-4: https://www.unep.org/resources/resolutions-treaties-and-decisions/UN-Environment-Assembly-4
UNEA-5.2: https://www.unep.orag/resources/resolutions-treaties-and-decisions/UN-Environment-Assembly-5-2
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Another issue on nitrogen: fuel ammonia QS Nanoblue “LAIST

Create the Future, Collaborate Together

Fuel ammonia is attracting attention to achieve carbon neutrality.
The generation of nitrogen waste should also be controlled.
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Japan's target of fuel ammonia: 3 Mtons in 2030, 30 Mtons in 2050
(current domestic production: 1 Mton)
https://green-innovation.nedo.go.jp/en/project/building-fuel-ammonia-supply-chain/

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 24/10/09, ICEF 2024 5



Nitrogen management in Japan &I Nanoblue &CAIST

Create the Future, Collaborate Together

On September 27th, 2024, the Japanese government formulated an action plan
for sustainable nitrogen management.

Ministry of
Environment,
_J=apz_anese Goverment
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https://www.env.go.jp/press/press_03772.html
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Sources of reactive nitrogen in Japan N’ erpmyn @ AIST
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NOx, N,O, NH; into air and NO5~ (originally organic-N) is main issues

Major sources for the generation and emission of reactive nitrogen in Japan (unit: thousand tons-N/year)

NOx emissions: 404 NHs Exhaust: 275

Nz N: Industrial Generation
| products
598
Denitrification Denitrification E
(Three-way catalysts, etc.) (SCR, etc.) For denitrification, etc.: 225 | | Chemical fertilizers: 2521 J, Organic fertilizers: 449
NOx Generation: 1050 NOx Generation: 449 NHs W NH« NOs- Animal manure: 724
Manufacturing: 711 Imports: 198 Soil inputs: 701
75 orer
Urban sewer systems Automobile exhaust Industrial exhaust Manufacturing, etc.  Agricultural areas, etc. Livestock
Generation: 570 =
wastewater Generation NOs~ Groundwater: 315

| NOs™: 143 To fver

Gas phase: NOx from industry and NH; from agriculture
Water phase: organic-N emitted from cities and agriculture become NO;~

https://webmagazine.nedo.go.jp/pr-magazine/focusnedo84/sp1-4.html
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Moonshot program
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b Create the Future, Collaborate Together
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Ammonia adsorbent for nitrogen circular economy b'.fl Nanoblue CAIST
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« Converts to ammonium bicarbonate solids without heating and with low energy consumption
« Ammonium Bicarbonate is not toxic or deleterious substance. It is also a solid, which is
advantageous for storage, etc.
« Ammonium Bicarbonate decomposes at low temperatures (~70° C) and is immediately converted
to a gas mixture of NH;:H,0:CO, = 1:1:1
Usuda, ACS Sustain. Chem. Eng., accepted
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Future Vision QS Nanoblue ZAIST
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NH; recourse is recovered from the waste from ammonia power plant, factories,
livestock farming, etc., contributing to Carbon Neutral, and Circular Economy
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