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Microalgae are natural cellular factories capable of producing high-value products, including proteins, carbohydrates, and lipids. Conventional cultivation in open ponds and photobioreactors suffer from low photosynthetic productivity and complex harvesting processes, which restrict the large-scale application of microalgae. In this study, microalgae were immobilized in a three-dimensional hydrogel matrix with efficient gas exchange and nutrient transport, establishing a hydrogel-based cultivation platform for sustainable microalgae biomanufacturing[1,2]. This approach significantly reduces land and water requirements, improves space-use efficiency, and enables high-productivity cultivation with simplified biomass harvesting. Moreover, the hydrogel matrix can protect microalgae from environmental stresses, expanding their applications in biomedicine and ecological remediation[3–5] while promoting the development of high-value function materials derived from sustainable microalgae.
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Fig. 1 Schematic of microalgae hydrogel printing and cultivation
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