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ABSTRACT

Porous carbon nanospheres (CNS) derived from biomass were developed using four agro-waste
sources—Arachis hypogaea inner skin, Magnolia champaca pods, Tectona grandis leaves, and
Bougainvillea spectabilis flowers—to achieve sustainable energy storage solutions. These
abundantly available and renewable wastes serve as cost-cffective carbon precursors, addressing
environmental disposal issues while advancing circular economy goals. The study explores four
distinct modification approaches: acid and amide functionalization, boron doping, and polypyrrole
integration into CNS. Comprehensive characterization through TGA, FTIR, FESEM, TEM, XRD,
Raman, BET, and XPS confirmed the structural and surface modifications. Electrochemical analyses
revealed significant enhancement in specific capacitance, with Bougainvillea-derived CNS achieving
up to 658.5 F g-1. Symmetric supercapacitor devices fabricated in CR2032 coin cell and solid-state
configurations exhibited high energy and power densities along with near 100% coulombic
efficiency. Overall, the work underscores the scalability and eco-friendly nature of biomass-derived

CNS, transforming biowaste into efficient “waste-to-wealth” energy malterials
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