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H I G H L I G H T S G R A P H I C A L  A B S T R A C T

• Nutrient availability is the primary fac
tor influencing metabolite 
accumulation.

• Abiotic stress is easier to apply during 
microalgae growth in wastewater.

• Two-stage cultivation improves biore
mediation and microalgae metabolite 
production.

• Biomass pretreatment combined with 
co-fermentation optimizes H₂ 
production.

• Nanoparticle use in DF of microalgae is 
promising and needs further 
investigations.
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A B S T R A C T

Microalgae represent a promising feedstock for the sustainable production of bioproducts and bioenergy, due to 
their versatile biochemical composition and environmental adaptability. Given the wide range of bioproducts 
that can be derived from their biomass, its biochemical composition suggests more favorable conversion routes 
and can be enhanced through cultivation conditions focused on the synthesis of one (or more) metabolites of 
interest to the biotechnology market. Accordingly, this review focuses on approaches for modulating microalgal 
metabolism, such as nutrient depletion and reactor configuration characteristics, among others, as well as on key 
outcomes obtained through two-stage cultivation, which combine phases of high biomass and metabolite pro
ductivity. From a resource recovery perspective, emphasis was placed on approaches that are more readily 
applicable to wastewater treatment plants. Furthermore, as energy-oriented routes are more suitable for valo
rizing of biomass grown in wastewater and considering that biohydrogen has been shown to be an emerging 
product of scientific relevance, this review also analyzes the limitations and strategies for integrating its pro
duction via dark fermentation. Pretreatment techniques and co-fermentation approaches were discussed as 
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