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The overall objective of the dissertation research is to design a control and value-added production through
wastewater treatment in hydroponic agricultural system. The specific objectives of this study are as follows: 1) to
develop a low-cost-effective monitoring and control system for nutrient solutions, assuming a steady nutrient
composition; 2) to develop a methodology to produce valuable substances through the treatment of the nutrient solution,
in this objective, microalgae cultivation will be examined to remove nutrient from wastewater and to produce
carotenoids, the high-valued pigment; 3) to discuss the possibilities and issues of the hydroponic system for future food-
production by evaluating its economic and environmental impacts. To achieve these objectives, four key investigations
were conducted and the structure of this dissertation is organized into seven chapters. This research introduces a
significant knowledge gap in the use of C. zofingiensis for hydroponic wastewater treatment and carotenoid
accumulation. It discusses hydroponic systems, wastewater impacts, nutrient recycling, and microalgae cultivation,
emphasizing the integration of wastewater and microalgae as innovative solutions to water scarcity, pollution, and
sustainable agriculture. Furthermore, it discusses the growing need for sustainable agricultural practices due to
urbanization and increasing food demand. It explores hydroponics, its efficiencies and challenges, hydroponic water
characterization, and nutrient management, and it highlights the reuse and nutrient recovery from hydroponic
wastewater. We studied the impact of carbon source and light condition on C. zofingiensis cultured with different carbon
sources (carbonate, glucose, acetate, pyruvate) and light conditions (dark, blue, red) under heterotrophic, autotrophic,
and mixotrophic conditions. The energy utilization efficiency, biomass and carotenoid accumulation were evaluated.
Additionally, studies on the autotrophic growth and light effects on C. zofingiensis and Haematococcus lacustris under
autotrophic conditions to assess cell size, nutrient transport and light absorption, photosynthetic and respiratory rates
were evaluated. This study highlights the biotechnological potential of C. zofingiensis for oxygen production and high-
value product synthesis. Furthermore, discussions on the enhancement of biomass and carotenoid accumulation utilizing
C. zofingiensis: effects of light manipulation strategies were also carried out. Hydroponic effluent culture system
simulation with data from previous studies for microalgae nutrient reduction and carotenoid synthesis were discussed:
Given the environmental need for sustainable agricultural practices, hydroponic effluents have been studied for its
transformation carotenoids and reduction in environmental pollution. In conclusion, this thesis summarizes the
importance of this research and draws a general conclusion based on the results observed. Finally, this research
highlights research on effluent monitoring, nutrient reduction and carotenoid production using microalgae in hydroponic

wastewater treatment.
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