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Revolutionizing energy storage: Calcium-based batteries for high energy
density and low cost

YE Lei, LIAO Meng, WANG Bingjie’, PENG Huisheng’

State Key Laboratory of Molecular Engineering of Polymers, Department of Macromolecular Science, Institute of Fiber Materials and

Devices, and Laboratory of Advanced Materials, Fudan University, Shanghai 200438, China

Abstract Calcium—based batteries have attracted increasing attention as promising candidates for next—generation energy storage,
owing to the natural abundance of calcium (approximately 2500 times more abundant than lithium in the Earth's crust), its high volumetric
capacity (2073 mA-h-cm), and favourable environmental profile. Despite these advantages, their development remains hindered by
several fundamental challenges, including inefficient and irreversible calcium metal plating/stripping, narrow electrochemical stability
windows of electrolytes, and the scarcity of high—performance cathode materials. Here we provide a comprehensive overview of recent
progress in calcium—based battery research, with a focus on calcium metal anode design, rational electrolyte design, development of
cathode chemistries, and advances in cell configurations. We critically examine the underlying mechanisms and representative strategies
proposed to address current bottlenecks, and discuss emerging opportunities for calcium—based systems in grid—scale and
extreme—environment applications. This Review aims to offer a clear perspective on the path toward practical calcium—based batteries and
to inspire future research directions for unlocking their full potential.

Keywords calcium—based battery; cathode materials; electrolyte; anode materials; sustainability
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