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ABSTRACT

The commercial potential of algae mediated wastewater treatment and biofuel production
technologies is impaired by expensive cultivation systems, low biomass productivity and complex
biomass to biofuel conversion routes. The major bottleneck can be overcome by focusing on
abundantly occurring natural consortia and selecting simpler, low energy intensive conversion
routes. It was hypothesized that the feasibility and energy balance of the algal biomethanation
process may be improved through systematic and serious attempts on anaerobic digestion of
naturally grown algal biomass, its co-digestion with a suitable carbon rich co-substrate and further
process optimization through innovative interventions including identification of suitable
inoculum and optimization of volatile solid (VS) loading/digestion time for algal digestion.

In view of the above, the present work was aimed at exploring the wastewater treatment
and biomethanation potential of naturally occurring algal consortia designated as HL (collected
from eutrophied Hauz Khas lake) through small scale batch studies followed by the pilot level
scale up of the cultivation system. Further, sequential optimization of inoculum, co-substrate and
VS loading rate was attempted in order to enhance the biomethanation of waste algal biomass.
Subsequently, the effect of seasonal variation on biomass productivity (in Hauz Khas lake) and
biomethanation in a pilot anaerobic digester (using selected inoculum and co-substrate) was

studied over a period of one year to evaluate the practical feasibility of such integrations.

To begin with, the native algal consortia, dominating the nearby Hauz Khas lake was
obtained and evaluated for wastewater treatment potential. The dominating algal species in the
collected algal consortium were Chlorella sp., Merismopedia sp., Closteriopsis sp. and
Scenedesmus sp. The consortium grew well in standard media as well as in different wastewaters.
Highest biomass productivity (1.25+0.28 g. L) and nutrient removal was achieved in
contaminated and nutrient rich grey water. Subsequently, the process was scaled up in open ponds
raceway (800 L). The algal consortium was efficient for the continuous treatment of drainage
channel wastewater (DCWW) below discharge limits along with the production of biomass with
an average concentration up to 0.68+0.05 g. L'!. The algal biomass produced during wastewater
treatment was rich in lipid (45.87% TS) with an estimated theoretical methane potential of 741
mL. CHs g !. VS. However, experimental cumulative yield was up to 277.30 mL. CHs g !, VSted,
observed during 30 d anaerobic digestion of algal biomass due to low digestibility (38%) of the



algal biomass with only 44% volatile solid reduction. Overall, the tested consortium had good
potential for wastewater treatment coupled with substantial biomass production. However, further

attempts must be done to improve the methane yield and digestibility of the tested algal biomass.

Next, sequential optimization of inoculum, co-substrate and VS loading rate was conducted
to enhance biomethanation of algal biomass collected from eutrophied Hauz Khas lake. Higher
methane yield (279 mL. g '.VSfd) was observed using inoculum from algae-cattle dung based
biogas plant compared to 170 — 200 mL. g!. VSg4 using other inocula (from sewage sludge,
Jatropha/ Karanja cake and cattle dung based plant). Biomethane yield was further enhanced (312
mL. g '.VSgd) by co-digestion with cattle dung (HL+CD) as compared to 282 mL. g'. VS for
HL+WAS (waste activated sludge). Further, VS loading of 5 g. VS. L™! gave highest methane yield
of 315 mL. g'!. VSga while a decrease (240 and 224 mL. g''. VSgq) was observed at 10 and 15 g.
VS. L, respectively.

To ensure the practical feasibility of the proposed integration, Hauz Khas lake water
parameters and algal biomass productivity were studied over a duration of one year (January to
December, 2015). Highest nutrient load in Hauz Khas lake water was observed in the month of
August and November. The highest algal biomass productivity was observed in the months of
April and November. The annual algal biomass productivity was 2.06+0.21 g. L!. Pilot-scale

anaerobic digester (= 0.5 m®) was installed for performance evaluation of algal biomass-cattle dung

(1:1) co-digestion feedstock for a period of nearly one year from July 2014 to September 2015.
The inoculum, co-substrate and VS loading were selected based on batch scale optimization
results. The average yield of methane was estimated to be 0.6 - 0.8 m* methane m™ digester d’!
during summer season while it ranged from 0.5 — 0.6 m* methane m™ digester d”! during winters.
The methane content was found to be in the range of 51-60%. Monthly estimation of various
wastewater parameters viz., pH, total alkalinity, total volatile fatty acids (TVFA) and ammonia
nitrogen (NHs-N) indicated the long term stability of the pilot scale process. This study established
the feasibility of utilizing wastewater grown native algal consortia for year round biogas

production.
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