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Construction of an integrative emission inventory for China’s iron and steel industry and synergistic response analysis of air
pollution and carbon emission reductions XU Xin?, MA Zi-ang'?, ZHANG Zheng'?, ZHANG Ying-leit?3*, BO Xin!?* (1.
Department of Environmental Science and Engineering, Beijing University of Chemical Technology, Beijing 100029, China; 2. BUCT
Institute for Carbon-neutrality of Chinese Industries, Beijing 100029, China; 3. Beijing Capital Air Environmental Science &
Technology Co., Ltd., Beijing 100176, China). China Environmental Science, 2026

Abstract: A bottom-up approach was used to develop an integrative emission inventory with high spatial and temporal resolution for
China’s iron and steel industry from 2021-2024. The spatiotemporal evolution of emissions and its driving factors was investigated,
and the synergistic responses between reductions in individual air pollutants and CO» emissions were evaluated. The results showed
that, compared with 2021, the emissions of SO2, NOx, PMio, PM2.5, BC, OC, and EC in 2024 decreased by 39.99%, 55.64%, 15.47%,
20.72%, 18.85%, 15.37%, and 22.79%, respectively, indicating substantial emission reductions. By contrast, the decreases in CO,
VOCs, PCDD/Fs, fluorides, and CO2 were relatively limited. Emissions of atmospheric trace elements also generally declined during
the study period. At the regional scale, east, north, and central-south China contributed relatively large shares of atmospheric pollutant,
CO2, and atmospheric trace element emissions, indicating that regional emission levels were closely associated with crude steel
production and industrial activity intensity. At the provincial scale, emissions of atmospheric pollutants, CO2, and atmospheric trace
elements were concentrated in major steel-producing provinces, particularly Hebei, Jiangsu, Shandong, and Liaoning. Process-level
analysis identified the four major upstream ironmaking processes—sintering, pelletizing, coking, and blast-furnace ironmaking—as
the principal sources of atmospheric pollutants and CO2 emissions from the iron and steel industry. Atmospheric trace element
emissions, however, were mainly derived from basic oxygen furnaces, sintering, and blast furnaces. Overall, the iron and steel industry
showed a favorable synergistic response between air pollutant reduction and CO2 mitigation, with most pollutants exhibiting positive
synergistic relationships with CO2 emissions. VOCs showed a negative synergistic response with COz, suggesting that their coordinated
control requires further optimization. Future efforts should strengthen an integrated synergistic control framework incorporating source
reduction, process optimization, and end-of-pipe treatment to continuously improve the combined effectiveness of air pollution control
and carbon mitigation in the iron and steel industry.

Key words: Iron and steel industry; integrative emission inventory; atmospheric trace elements; spatiotemporal characteristics;
reduction of air pollution and carbon emissions
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Table 1 Comparison of atmospheric pollutants and CO2 emissions from the iron and steel industry between this study and

previous studies

AR SO, NOy PMjo PM;5 BC oC EC Cco VOCs PCDD/Fs F CO, e
TiF 5 X 45
mrE (Fita)  (FFta)  (Jita) (73 t/a) (73 ta) (73 tla) (73 t/a) (73 t/a) (J3 ta) (kg/a) (Fta)  (fzva) IR
4 2015 37.48 72.05 33.48 15.03 0.64 0.83 0.08 3478.85 84.29 191 0.77 - [2]
4 2018 29.02 66.57 28.73 11.69 0.45 0.61 0.06 4057.49 89.21 2.24 0.88 - [3]
4 2021 41.44 4505  200.16 104.44 - - - - - 9.35 9.42 - [8]
4 2020 51.00 97.00 - 42.00 - - - - - - - 16.44 [35]
| 2019 16.69 29.00 162.09 101.13 7.9 31.97 - 2732.41 - 5.48 - 13.77 [36]
4 2011 231.00 65.00 199.00 171.00 - - - 3909.00 - 6.82 - - [37]
4 2021 102.14 143.49 106.90 72.88 4.56 3.51 - 1518.27 25.06 - - - [38]
4[] 2021 36.61 82.59 35.63 14.54 0.54 0.74 0.07 4994.00 105.79 0.17 1.10 18.80 AT
4 2022 34.67 80.69 34.81 14.19 0.53 0.72 0.07 4897.26 104.08 0.17 1.07 18.49 FIN IS
4 2023 34.30 79.58 34.09 13.87 0.53 0.71 0.07 4749.57 104.15 0.17 1.02 18.06 PN
A 2024 21.97 36.64 30.12 11.53 0.44 0.62 0.06 4765.63 106.18 0.17 1.03 1835 AW
*k 2 AREAMBARINKITW KR SIRE T RHMITLL
Table 2 Comparison of atmospheric trace element emissions from the iron and steel industry between this study and previous
studies
v i cd As Pb Cu Mn Se \% Zn Sb Sn Hg
X35 i 1] (t/a) (t/a) (t/a) (t/a) (t/a) (t/a) (t/a) (t/a) (t/a) (t/a) (t/a)
4 2011 39.4 241.2 105.3 132.2 3745.8 - - - - - - - 18.8 [7]
4= 2021 33.52 160.13 92.31 22.62  2229.87 378.52 1155.89 52.52 328.15 4728.37 44.55 4.38 22.52 [8]
4= 2019 48.60 287.10 121.70 162.6 4770.7 358.8 1761.0 70.8 3423 7838.5 - - 23.60 [36]
4= 2011 39 132 3746 448.8 1861.48 86.61 440.24 9126.06 - - 18.65 [37]
4 [H 2021 36.8 214.2 111.11 28.29 2877.4 555.39 1497.95 88.04 404.99 5372.92 53.61 481 25.86 ENT
4= [H 2022 35.77 205.21 106.33 2754  2788.86 523.75 1426.1 82.91 380.41 5197.88 51.64 4.73 25.31 y N
4= [H 2023 33.29 190.17 100.46 25.8 2614.87 490.95 1339.89 78.13 353.73 4817.45 47.59 4.39 24.69 AW T
4= [H 2024 33.92 189.53 101.29 26.11  2626.75 476.97 13315 75.08 343.12 4854.81 47.78 4.49 24.75 p N
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