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Research progress on technical routes for green ammonia production, storage,
transportation and application

DU Yufeng, HUANG Ye, ZHENG Huaan, SHI Tongqiang, CHEN Jingrun, ZHANG Xu, ZHANG Lei, WU Lei
(Shaanxi Hydrogen Energy Research Institute Co., Ltd., Xi’ an 712046, Shaanxi, China)

Abstract: Against the backdrop of sustainable development and the global energy transition, green ammonia, as a key “zero-carbon”
chemical feedstock and energy carrier, is gaining increasing strategic importance. First, the definition of green ammonia was clarified
based on domestic and international certification standards. Then, the technical routes and research progress of green ammonia in the
three stages of production, storage and transportation, and application were reviewed, aiming to provide references for subsequent
technological research and engineering demonstration. In terms of production, green hydrogen feedstock substitution pathways, mild-
condition thermocatalytic pathways and flexible/miniaturized system pathways in the thermochemical Haber-Bosch (H-B) ammonia
synthesis process were systematically analyzed, and the mechanisms, advantages and challenges of emerging technologies such as
electrochemical ammonia synthesis and photocatalytic ammonia synthesis were discussed. In terms of storage and transportation, the
technical characteristics and applicable scenarios of road, pipeline and marine transportation were comparatively analyzed. In terms of
application, the multi-scenario application potential, technological bottlenecks and cost trends of green ammonia as a hydrogen carrier
(direct ammonia fuel cells and ammonia decomposition for hydrogen production), a zero-carbon fuel (ammonia-hydrogen/ammonia-coal/
ammonia-high-reactivity fuel co-combustion) and a chemical feedstock (ammonia-based carbon capture) were systematically
investigated. Finally, the key role of green ammonia in constructing a zero-carbon industrial system and its policy requirements were
summarized and prospected.
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ammonia energy applications
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Table 1 Certification standards for green ammonia in different organizations/areas
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Fig.1 Schematic diagram of review structure
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Fig.2 Evolution of ammonia synthesis catalysts and processes based on H-B process
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Fig.3 Schematic diagram of green ammonia synthesis process

based on water electrolysis for hydrogen production!
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Table 2 Key technology research and industrialization pilot projects for green liquid fuels™"
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Table 3 Comparison of green ammonia production technology routes
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Fig. 9 Conversion process of hydrogen production from catalytic decomposition of green ammonia™®”!
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