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ABSTRACT: [Objectives] The steel industry is a critical
sector in terms of energy consumption and carbon emissions
in China. Its transformation and development plans involve
areas such as electric energy substitution and hydrogen energy
substitution. The future will see deep integration with the power
and hydrogen energy sectors. Whether the steel industry can
achieve a coordinated transformation and carbon reduction
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under the condition of multi-energy coupling will significantly
impact China’s overall goals of reaching carbon peak and
achieving carbon neutrality. [Methods] This paper, based on
a bottom-up comprehensive assessment model, analyzes the
collaborative energy-saving and carbon reduction paths and
costs of the steel and power industries from the perspective
of multi-energy coupling and cross-industry collaboration.
[Results] China’s steel industry has already reached its peak
in energy consumption and carbon emissions and is expected
to show a steady downward trend in the future. Driven by in-
depth electro-hydrogen coupled metallurgy, by 2060, energy
consumption and carbon emissions are projected to decrease by
87% and 93% respectively compared to 2020. The scenario of
deep electro-hydrogen coupling with electricity as the primary
and hydrogen as the supplementary energy source has the
highest carbon reduction capacity, relatively low unit abatement
cost, and high economic benefits for emission reduction, making
it a recommended transformation and development model.The
pressure on the steel industry to save energy and reduce carbon
emissions is transferred to the power sector. [Conclusions]
The cleanliness of the hydrogen production process directly
affects the quality of collaborative transformation, hence the
need for continuous optimization of the power structure and
enhancement of green hydrogen supply capabilities to achieve
high-quality collaborative transformation of the steel and power
industries through a high-quality electro-hydrogen coupling

model.
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Fig.1 NESAP model framework for the steel industry
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Fig.3 Trends in crude steel production structure in the steel
industry under different scenarios
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