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Abstract: The blast furnace ironmaking process is a crucial stage for energy conservation and
carbon emission reduction in China’s steel industry. However, the massive operating parameters
and complex black-box smelting mechanisms pose significant challenges to the operation
optimization of blast furnaces. To this end, a 4 700 m® blast furnace in a steel plant was taken as
the research object. Based on a blast furnace simulation model driven by the integration of data
and mechanisms, a multi-objective optimization model aiming at minimizing the energy
consumption and carbon emission of the blast furnace ironmaking process was constructed.
Then, the model was solved by the particle swarm optimization algorithm and the Pareto front
method to evaluate the limit levels of energy consumption and carbon emission of the blast
furnace under actual operating conditions. The results indicate that after optimization, the waste
heat generation amounts of flue gas, slag, and blast furnace gas per ton of hot metal decrease by
20.76, 17.22, and 8. 71 MIJ, respectively. In addition, the thermal efficiency of the hot blast
stove increases by 4. 23%. Ultimately, the energy consumption and carbon emission per ton of
hot metal of the optimized blast furnace ironmaking process are reduced to 370. 77 kgce and
624. 46 kg, respectively, representing decreases of 7. 80 kgce and 24. 94 kg compared with the
baseline conditions, respectively.
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Fig. 1 Hybrid modeling framework of blast furnace
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Table 1 Ten selected key parameters for blast furnace production
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Fig.2 Prediction performance of blast furnace gas utilization rate based on random forest algorithm!
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values of coke rate and hot blast flow
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Fig.5 Multi-objective optimization framework for
blast furnace ironmaking system
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Table 2 Boundary settings of decision variables in blast furnace optimization model
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Fig. 6 Multi-objective optimization framework for

blast furnace ironmaking system
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Table 3 Optimization results and benchmark values of blast furnace process parameters
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in blast furnace ironmaking process
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