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Abstract

Renewable energy-based hydrogen production is a crucial technological pathway to achieving deep decarbonization of energy,
currently at a critical stage of transitioning from pilot demonstrations to large-scale applications. This paper integrates the technical
routes and current applications of renewable energy-based hydrogen production, analyzing the main challenges in industrial
development and potential breakthroughs. However, the cost dilemma caused by the electro-hydrogen coupling challenge remains
the primary bottleneck hindering industrialization. The high cost of green hydrogen stems from structural conflicts between the
intermittency of wind and solar power, low electrolyzer utilization rates, and the continuity requirements of chemical production,
rather than equipment or electricity price issues. The paper argues that the renewable energy-based hydrogen production industry is
on the verge of a cost inflection point, and its large-scale development cannot rely solely on technological advancements, nor can it
depend solely on policy mechanism innovations or comprehensive chain improvements.
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