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Abstract

Secondary cellulose fibers have emerged as key renewable materials in advancing circular bioeconomy strategies by transforming
diverse waste streams into value-added products. This review provides an integrated analysis of the sources, extraction processes,
and valorization pathways of secondary cellulose fibers derived from recovered paper and cardboard, agricultural waste, industrial
and textile wastes, food-processing waste, and urban biowaste. Each source exhibits distinct compositional and structural
characteristics influencing its suitability for pulp production and cellulose recovery. Agricultural waste such as straw and bagasse
demonstrate moderate cellulose and hemicellulose contents, offering an attractive alternative to wood-based pulps. Textile and
industrial wastes, particularly cotton and viscose fibers, present nearly pure cellulose feedstocks that can be repulped or chemically
regenerated into new fibers. Food-processing waste, including coffee husks, fruit peels, and cereal brans, are shown to contain
significant cellulose fractions and can serve as sources for papermaking or biocomposite materials. Urban biowastes, such as
municipal sludge and wastewater cellulose, expand the resource base through recovery technologies integrated into biorefineries.
The environmental and economic assessment highlights substantial reductions in energy and water consumption, greenhouse gas
emissions, and raw material costs associated with secondary fiber utilization. Life-cycle analysis and techno-economic data
underscore the potential of these resources to substitute virgin pulp while supporting waste reduction and circularity goals.
Advances in pulping, enzymatic treatment, and green solvent systems further enhance recovery efficiency and material quality.
Collectively, these findings demonstrate that secondary cellulose fibers from multiple waste streams constitute a sustainable,
resource-efficient feedstock for the pulp and paper industry, packaging, and emerging bio-based materials, bridging environmental
responsibility with industrial competitiveness.
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