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ABSTRACT Heterocyclic materials have developed essential structural building blocks for the future generation of
sustainable energy devices owing to their basic adaptability and customizable electronic architectures. The combination
of heterocyclic materials with modem energy technologies, including sophi sticated metal-ion (Li/Na) batteries, fuel cells,
hydrogen storage systems, and perovskite solar cells, is systematically observed in this review. This paper highlights the
distinctive structure-property correlations of m-conjugated and redox-active heterocycles, predominantly quinones, azoles,
pyrroles, and porphyrins in addition to their function in enlightening thermal stability and charge carrier dynamics. Moreover,
this work highlights the shift to “Green-by-Design” approaches, underlining the utilization of biocatalysis, mechanochemical
paths, and deep eutectic solvents to diminish the environmental E-factor. Developing 2026 research areas, such as waste-
to-energy valorization of furans derived from biomass and artificial intelligence-driven retrosynthetic optimization, are
specified a lot of consideration. This assessment offers an approach for fluctuating the global energy environment toward
<ustainable and uncontaminated systems by assimilating heterocyclic engineering with the circular economy’s beliefs.
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