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Abstract

The present work strongly sheds light on one of the basic principles of reactor design, i.e.,
mode of operation (agitation regime), the right choice of which can significantly enhance the
microalgal photobioreactor (PBR) process performance and environmental footprints. The
agitation regime is responsible for microalgal domination within the photobioreactor was
identified via. comprehensive evaluation of phase transformative nutrients, biomass growth
and microalgal-bacterial population dynamics. The experiments initiated with dominant M:B
inoculation ratio (60:40), demonstrated higher M:B ratio (78:21) with mixing regime, as
essential nutrients (dissolved inorganic carbon and ammoniacal nitrogen) were conserved
within the wastewater. On the other hand, lower M:B ratio (36:63) was obtained during
aeration regime, as these nutrients were transformed into CO, and NHz and emitted to the
environment. The nutrient conservation mechanism within mixing regime enhanced
microalgal growth by 30 %, metal removal by 14-59 %, and exhibited carbon negative global
warming potential (-0.0451 kgCO. eqm?), along with overall non-negative environmental
impact.

The agitation regime (nutrient loss or conservation) has shown direct impact on microalgal
pathogen disinfection potential. The aeration system negatively affects pathogen inactivation
under laboratory conditions, due to nutrient deficiency for microalgal growth. On the other
hand, mixing regime showed enhanced removal of total coliforms (TC), faecal coliforms (FC),
klebsiella pneumoniae carbapenemase (KPC) producing bacteria, and extended-spectrum [3-
lactamase (ESBL) producing bacteria. It can also be concluded that synergistic effect of
process [nutrients, elevated pH (>9), and high DO (>10 mg L1)] and environmental variables
(light, temperature) play key role in pathogen inactivation.

The outcome of microalgae screening experiment showed that, native microalgal cultures
perform better compared to other native cultures isolated from different wastewaters for both

wastewater treatment ability and biomass growth potential. Further, both 10 L PBRs (aeration



PBR and mechanical mixing PBR) perform well under outdoor conditions. However, the
mechanical mixing PBR showed 10.7% higher biomass yield and wastewater treatment
potential, when HRT was reduced to 1d. The seasonal variation impacts the photobioreactor
performance. The long-term study carried out on 100 L pilot bubble column PBR concludes
that HRT as low as 2d is achievable for the wastewater treatment throughout the year, making
the MWTT process a comprehensive and sustainably scalable technology with low areal
footprint to 1.42 m? KLD ™. However, winter adversely affected the wastewater treatment
performance, elucidating the dominance of microalgae or bacterial community is also a
function of environmental conditions. The challenge of low temperature could be mitigated
through the design of novel recirculation photobioreactor exhibiting heat sink and nutrient
conservation mechanism, that shows 25-35% higher biomass and nutrient removal rate along
with reduced HRT of 1d, which further brings down the areal footprint to 0.712 m? KLD . The
suitability of ash rich biomass for bioenergy application through one step production of

upgraded bio-oil highlights the importance of valorization study.

Overall, the efforts signify the applicability of the developed process of recirculation
photobioreactor for wastewater resource conservation and recovery integration with subcritical
hydrothermal liquefaction. The process creates a novel approach for creating high-value
product streams from water reclamation sources that can significantly impact taxpayer money,
generating employability in green chemistry for profit in a traditionally regulated water
industry with contributing to biofuels and green catalysis. These findings provide the basis for
new frontiers in microalgae-based wastewater treatment and simultaneous valorization of
biomass into fuels, chemicals, and bioproducts at both the fundamental and macro

commercialization levels.
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