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1. Introduction

The need for afordable, environmentally friendly energy conversion
and starage systems bas incresced tremendoncly and smart gadgets that
include hoth energy converdon and storage have drawn incressing
attention a5 a majar innovation for effective epergy consumpton [1-4].
Therefare, it is sill important and essential for researchers to find so-
lutions to address the problem of converting and storieg renewable
energy. kechargeable batteries and electrochemical capacitors (BCs) are
two common types of energy stomge devices that are recognized as
appropriate optons for soring energy by converting chemdcal energy
into elertrical energy. Due to their high energy densty, rechargeable
barteries, especially lithium-ion batteries, have received Lot of attention.
Howeyer, these hatteries have persistent performance issues, including

short cycle life, relatively slow charging-discharging rate and lower
power densiny [5-9).

Supercapacitors (5Cs), often referred o as ECs or ulimoapaditors,
have become a significant alternative choice to batteries and provide a
number of possible unique advantages, including superior working
lifetimee, rapid charging-discharging rate, high power density and so
farth [10-12]. The three forms of $Cs that can be categorized based an
thistr charge storage mechanisms are elecirical double layer capacitors
{EDLL), peeudecnpacitors (PCs) and bybrid capacitors [13-15]. While
Fis wse quick, reversble Faradaic processes at the surface fo store
charge, EDLCs adsarb electrostatic charges at the electrode-electrolyte
interface. Hybrid capacitors combine the electrodes of an EDLE or PCs
and a battery [16,17].

5C performance is significantly influenced by the chamcteristics of
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