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Abstract

The double-layer supercapacitor (EDLC) is an advanced electrochemical energy storage device that stores charge electrostatically via
the formation of an electrical double layer at the electrode—electrolyte interface. Unlike conventional dielectric capacitors, EDLCs
rely exclusively on non-faradaic ion adsorption onto high-surface-area electrode materials—without involving redox reactions—
thereby enabling rapid charge/discharge kinetics, exceptional cycle stability, and power densities significantly exceeding those of
batteries. With specific energy higher than that of traditional capacitors and specific power superior to that of secondary batteries,
EDLCs effectively bridge the performance gap between electrostatic capacitors and electrochemical energy sources. Owing to these
attributes, they have found widespread application in information and communication technologies, electric transportation systems,
and defense-related power electronics. In commercial manufacturing, key performance indicators—including capacitance, equivalent
series resistance (ESR), self-discharge rate, and cycle life—are rigorously evaluated to ensure reliability and consistency. This paper
systematically presents the fundamental operating principles of EDLCs, examines critical factors governing their electrochemical
performance, and analyzes prevalent failure mechanisms in relation to industrial-scale fabrication processes.
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