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Abstract

Cooling tower blowdown (CTBD) water constitutes a significant amount of wastewater generation in
thermal power plants, which can be sustainably treated and utilized for considerable water savings. In
the present work, a microalgae-based bio-refinery approach has been utilized to treat the cooling tower
blow-down water and simultaneously recover bio-crude and valuable material from the generated
biomass.

Initially, the two microalgae consortia: PA6 (Chlorella, Phormidium, and Navicula sp.) and D
(Navicula and Denticula species), were tested using a 5 L capacity bubble column reactor (BCR) and
attached biofilm reactor (ABR) configuration. The isolated D consortium outperformed the PA6 in
terms of pollutant removal, with 66.8% reactive silica and 83% colloidal silica reduction with total silica
uptake rate of 40 mg L' d! over the first 72 hours. Compared to suspended cultivation, areal biomass
yield in the D consortium biofilm system was 2.45 times higher. The ABR showed superior performance
compared to the BCR in terms of both wastewater treatment and overall biomass productivity. To
further improve efficiency and minimize areal footprint, the enclosed multi-plate biofilm reactor
(EMPBR) was fabricated. In comparison to the ABR system, EMPBR removed approximately 12.5%
higher nutrients and gave 8.3 times higher areal biomass productivity. In the life cycle assessment
(LCA) study, Recipe 2016 approach showed that EMPBR has a lower environmental burden than ABR
due to the high-density polyethylene resin used in ABR's water storage tank, which contributed to
negative impacts.

On downstream processing of D consortium biomass, 52.4% frustules, 19.6% lipid, 11.9% protein, and
8.2% carbohydrates were recovered per gram of biomass. The recovered frustules were found to be
negatively charged, symmetrical pennate-shaped, robust, mesoporous SiO.. A comparative study was
conducted to recover diatom frustules using different physicochemical techniques, focusing on both
quantitative and qualitative aspects. Baking for 180 minutes removed the most organic matter (94.9%),
followed by plasma exposure for 90 minutes (86.8%). However, after baking and chemical exposure,
the structure was distorted. Furthermore, to simultaneously valorize both organic and inorganic

fractions of the diatom biomass, hydrothermal liquefaction (HL) technology was utilized. Diatom



biomass yielded 9.5% extracted biocrude and approximately 12.5% frustule loaded fraction. According
to GC-MS analysis, the bio-crude was primarily constituted of oxidized and desired functional groups
such as alcohols, alkanes, alkenes, and esters, with a few unfavorable nitrogen-containing compounds
(18.9%). Overall, the hydrothermal liquefaction technology was discovered to be a beneficial process
for diatom bio-prospecting because it allowed for the complete valorization of intermediates.

The projection analysis of the diatom biorefinery process for a 500 MW power plant demonstrated
significant water-saving of 1500 million liters, annual production of 162 tonnes of frustules, 61 tonnes
of lipid, and 37 tonnes of protein. The technology promises societal benefits including improved human
health, strengthened rural livelihood, and knowledge dissemination of nature-based technologies, and
has the potential to revolutionize blowdown water management practices and contribute to the

development of a new 'waste to wealth' industrial approach.
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