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Fig.1 A. Proportion of Primary Energy Generation as of
September 2024[”; B. Proportion of Energy Consumption in
20234
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Fig.2 Existing Hydrogen Electricity Production System and Green Hydrogen Electricity Production System
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Low-cost Large-scale Green Hydrogen Electricity Production and Low-cost Large-capacity
Long-term Energy Storage
Liejin Guo'" Hui Jin'  Yonggang Guan®
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2. Department of Engineering and Materials Sciences, National Natural Science Foundation of China, Beijing 100085, China
Abstract Energy is essential for the national economy. The development of efficient, low-cost, large-scale green
hydrogen/electricity production technologies, alongside effective long-term energy storage and transportation technologies,
can provide crucial support for reducing CO, emissions, ensuring an ample and affordable green hydrogen/electricity
supply, and building a new green energy system. This will also help secure national energy stability and achieve the “dual
carbon” goals. This article examines the fundamental shortcomings and key challenges in China’s current energy supply
structure. It explores the core aspects of converting fossil fuels and renewable energy, highlighting three critical scientific
issues: efficient conversion and storage of renewable energy carriers like hydrogen, system integration and optimization of
direct hydrogen production from fluctuating power sources, and the multi-objective unification of carbon-based hydrogen
production and its conversion and utilization processes. This article summarizes recent progress and achievements in energy
science, achieved through interdisciplinary approaches, including natural and basic sciences, and explores cutting-edge
research directions and funding strategies.

Keywords low-cost and large-scale green hydrogen production; low-cost; large-capacity and long-term energy storage;
CO, emission reduction; “Double Carbon” target
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