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Abstract: Ammonia serves as the cornerstone of food security. In China, coal-based ammonia synthesis accounts
for over 75% of the total production, and its high carbon emissions, high energy consumption, and high water
consumption have attracted widespread attention. Existing research has mostly focused on comparing the carbon
footprints (CF) of ammonia synthesis via different feedstock routes, but there is a lack of comprehensive analysis on

the carbon—energy—water footprint. Moreover, the impact mechanisms of technological upgrading and scale

WRBH: 2026-04-10  fEEBH: 2026-05-18

BEESE: FRA1989—), B i+, BI#FZ, jjlil@bjtu.edu.cn

E—1EE: X (2002—), B B HF5T 4 , 24126632@bjtu.edu.cn

BEHH: EFEABIA5H (2023YFC3709500) ; B 5 FARIA L4101 H (42475181)

SIRAARS: XA, 2R, MR, AR, B, 2e5e, M, k. ESRET I iR-RE- /K 2B AFFE ], LT3R, XXXX, XX(XX): 1-12
Citation: LIU Fuxing, LI Junjie, CHEN Yujia, SONG Xintong, CAO Ying, PEI Liang, YAN Yulong, PENG Lin. Research on carbon-energy—water
footprints of China’s ammonia synthesis industry[J]. CIESC Journal, XXXX, XX(XX): 1-12



-2 T e FXXE

expansion on the carbon—energy—water footprint of coal-based ammonia synthesis have not been systematically
revealed. This study constructs a carbon—energy—water footprint analysis framework for ammonia production, and
systematically evaluates the differences in carbon—energy—water footprints among 13 feedstock—technology—scale
combinations (including coal, coke oven gas, natural gas; entrained—flow bed, fluidized bed, fixed bed; large,
medium, and small scales) based on the operational data of 181 enterprises. The results show that the medium—-scale
coke oven gas combination exhibits the optimal environmental performance. Its carbon footprint (CF, 0.92 t CO,—eq/
t) and water footprint (WF, 4.39 m*t) are only 10.4% and 12.4% of those of the small-scale coal-fixed bed
combination, respectively, while the energy footprint (EF, 21.86 GJ/t) is between that of the medium—scale and
large—scale natural gas combinations. The research findings provide a quantitative basis for the coal-to—ammonia
industry to promote the upgrading from fixed—bed to entrained—bed technologies, large—scale installation
development, zoned precise regulation, and the popularization of low—carbon raw material routes (coke oven gas,

natural gas), and support the coordinated reduction of carbon, energy and water footprints.
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Fig.1 Capacity of 13 feedstock—technology—scale combinations
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Fig.2 Distribution of synthetic ammonia production capacity

and number of enterprises in 24 provinces
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by different process routes in 24 provinces
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Table 1 List of coal-to—ammonia plants
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Table 2 List of natural gas and coke oven gas—to—ammonia plants
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Table 3 Carbon—energy—water footprint data table for 13

raw material-technology—scale combinations
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