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Abstract
The ever-expanding need for sustainable energy and eco-friendly materials has underscored the urgent need to explore renewable and underutilized resources. Biomass waste, particularly agro-forestry residues, rich in lignocellulose, offers immense potential for holistic valorization through biotransformation. Our study investigates a dual-purpose approach for the sustainable utilization of agro-forestry residues, focusing on the production of bioethanol and green synthesis of nanoparticles. The process begins with pretreatment and enzymatic hydrolysis of selected wastes, followed by fermentation with yeast to yield bioethanol. In parallel, the recovered lignin, which served as a bio-resource for the green synthesis of metal oxide nanoparticles. Bioethanol production process demonstrated improved fermentable sugar release and ethanol yields, while characterization of the nanoparticles using various techniques confirms their size, morphology and functional properties. The integrated approach not only enhances waste-to-wealth conversion but also aligns with circular bio-economy principles by minimizing environmental impact and maximizing value from a single feedstock. This strategy offers a viable pathway towards sustainable material innovations, assisting in achieving sustainable developmental goals (SDGs) as dictated by the United Nations, specifically SDG 7 (Affordable and Clean Energy) and 12 (Responsible Consumption and Production).
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