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Abstract The escalating environmental impact of conventional plastics has intensified global efforts to develop sustainable

alternatives. Among the various renewable resources, algae have emerged as a promising feedstock for biopolymer and
bioplastic production due to their rapid growth, high polysaccharide content, and ability to thrive in diverse environments
without competing with food crops. This review provides a comprehensive overview of algae-derived biopolymers and
their applications in bioplastic production. It discusses the major types of polymers obtained from microalgae and macro-
algae, including starch, cellulose, alginate, carrageenan, agar, proteins, and lipids, along with the methods employed for
their extraction and processing into biodegradable plastics. The physicochemical and mechanical properties of algal
bioplastics are summarized, with emphasis on biodegradability, thermal stability, and water resistance. Key applications
across packaging, agriculture, and biomedical fields are highlighted. The review also addresses the major challenges
hindering large-scale commercialization, such as low yields, high production costs, and limited mechanical performance.
Finally, future research directions are proposed, including advances in algal biotechnology, integration into biorefinery
systems, and the development of composites and nanomaterials to enhance material properties. Overall, algae-based
bioplastics represent a viable pathway toward sustainable materials, provided that scientific and technological barriers

are systematically addressed.
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