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Abstract
Lignocellulosic biomass (LCB) has emerged as a sustainable, renewable, and low-cost precursor for the development of multifunctional materials addressing water purification and energy storage challenges. Composed mainly of cellulose, hemicellulose, and lignin, LCB—particularly forest-derived waste—offers significant environmental benefits by valorizing underutilized resources that otherwise contribute to ecological hazards such as forest fires. Through simple chemical modifications, polymer-analogous reactions, or composite formation with conducting polymers, LCB and its constituents can be endowed with abundant heteroatomic functional groups, imparting enhanced adsorption and electrochemical properties. These engineered materials have demonstrated strong potential for the removal of toxic dyes and metal ions from wastewater and for use as electrode materials in energy storage devices (ESDs). Despite their intrinsic functional diversity, direct utilization of native LCB remains limited, and conventional approaches relying on component isolation and extensive processing are energy-intensive and costly. In this context, recent efforts, including those from our research group, focus on developing functional materials directly from whole LCB with minimal pretreatment, aligning with green chemistry principles and the “e²” (energy- and economy-efficient) concept. Such strategies offer a sustainable pathway toward high-performance adsorbents and electrode materials with reduced environmental and economic footprints.
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