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ABSTRACT

As of 2017, coverage of piped drinking water supply in Bhutan is about 98% and even higher in
the urban areas. Still, Bhutan has been struggling to meet the demand for urban infrastructure fol-
lowing rapid and unplanned urban growth, including for domestic wastewater management. Public
sewerage infrastructure and centralised wastewater treatment plants require capital for construction
and operation. Therefore on-site wastewater treatment is expected to continue to play a significant
role in the disposal of domestic wastewater in urban areas of Bhutan. Due to several challenges to
the predominant “septic tank™ situation, there is an increasing need for an alternative system for
the safe disposal of combined black and grey wastewater in urban Bhutan. This Thesis aims to
investigate a compact on-site domestic wastewater treatment system as an alternative to “septic
tanks”, some of which are used without an on-site soak-pit. The Thesis is composed of seven chap-

ters, of which four chapters are technical studies.

The first study involved a survey in reviewing and understanding the current wastewater infrastruc-
ture and related challenges in urban Bhutan. This study observed that only about 23% of the clas-
sified towns in Bhutan are currently connected to public sewerage systems which represent the
coverage of about 20% of Bhutan’s total urban population, or 7.4% of Bhutan’s entire population.
Over 80% of Bhutan’s urban population therefore depends on the on-site treatment of their domes-
tic blackwater, with most greywater simply being discharged to surface water drains without treat-
ment. However, over 40% of the properties with “septic tanks” lacked a soak-pit required for sub-
soil treatment of septic tank effluent, indicating unsafe disposal of potentially hazardous septic tank
effluent posing significant risks to the public and the environment. Survey of urban plots suggests
that the current practice of urban development has led to a situation where the regulation off-set/set-
back distances cannot be met to safely accommodate soak-pit within the plot with limited vacant
space. This raised the need to explore alternative on-site treatment systems that does not require
soak-pit but which could handle both black and grey water, to provide a safe solution for domestic
wastewater disposal until networked public sewerage system is delivered or for areas where net-

work sewerage is technically or financially not feasible.

The second study explores an up-flow anaerobic sludge blanket (UASB) and anaerobic biofilter
(ABF) in series as an alternative on-site domestic wastewater treatment for modern urban settings
in Bhutan. The UASB replaces the current septic tank for primary treatment of blackwater. In con-
trast, the ABF replaces the soak-pit (soil treatment) instead of further treatment of septic tank ef-
fluent combined with greywater. While septic tank and UASB can be comparable in terms of the
footprint however, ABF can have much smaller footprint compared to large area required for the

disposal of septic tank effluent in the soil using a soak-pit system. Hence UASB and ABF can be
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much more compact solving the space constraints faced by the urban plots, unlike the extended
space occupied by the septic tank and soak-pit system restricting the utility of limited urban space.
The proposed alternative system used shredded waste plastic bottles as a novel biofilter media
providing a large surface area for attached biological growth. The use of waste plastic bottles not
only mitigate waste plastic problems in Bhutan but provide a locally available alternative biofilter
media in place of commercial biofilter media which would have to be imported. A lab-scale
UASB+ABF was operated for 188 days using synthetic wastewater (simulated black water and
combined UASB effluent and greywater). At 2-day hydraulic retention time (HRT), the UASB
achieved a chemical oxygen demand (COD) removal of 70 - 80%, biogas production of 200 - 230
L CH4/ Kg COD removed with stable methane composition of above 70%. The best COD removal
of 90 - 98% at 8 h HRT was achieved using the smallest (10 mm square) shredded plastic media
size, attributed to large surface area per unit volume facilitating more significant attached growth
of biomass compared to the larger media sizes (20 mm and 30 mm). The COD removal of the ABF
decreased significantly at HRT of 6 h from the initial HRT of 5 days. The combined UASB and
ABEF at optimal HRT of 8.8 h achieved a final effluent with COD of less than 125 mg/L that meets
the National Environment Commission or NEC’s effluent discharge standard of Bhutan 2020. This
lab-scale study showed that combined UASB and ABF treatment using shredded waste plastic bot-

tle media has the potential for use as an alternative on-site sanitation wastewater treatment.

In the third study, the combined UASB and ABF treatment system was operated at pilot-scale in
the field in Bhutan for one year with a capacity of 1000 L/day, equivalent to 2 households (10
population equivalent). The UASB received 200 L/day of blackwater while the ABF received 1000
litres of combined UASB effluent and greywater. Operated at 2-day HRT, the UASB achieved a
COD removal of 43 - 74% while ABF with plastic media (40 mm square) achieved a COD removal
of 29 - 71% at 8.8 h HRT. The combined UASB-ABF treatment achieved final effluent COD of
less than 125 mg/L, BOD less than 30 mg/L and TSS less than 100 mg/L which meets Bhutan’s
NEC 2020 effluent discharge standards. The UASB and ABF reactors recorded a methane produc-
tion of 0.80 - 26.09 L/d and 0.81 - 11.95 L/d with methane yield of 66.49 mL/g VSS removed and
45.96 mL/g VSS removed, respectively.

In the fourth study, three different locally available biofilter media were explored and tested for
use in the ABF for treatment of a combined UASB effluent and the greywater and their perfor-
mances compared to a commercial biofilter. The locally available biofilter media included shredded
waste plastic bundles (3, 5 and 7 mm strip width), charred bamboo beads (cut fraction of 1/8 (~ 10
mm), 1/4 (~ 20 mm), 1/2 (~ 40 mm)), industrial slags (8, 10 and 12.5 mm sizes) and commercial

media (10.5 mm). This lab-scale study was carried out initially using synthetic wastewater and then
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finally using real wastewater (obtained from the pilot UASB effluent mixed with domestic grey-
water from the pilot site). These lab-scale experiments were operated under different HRTs of 12

h, 8 hand 6 h.

All three test media were able to achieve effluent COD concentrations that meet the equivalent
national COD effluent standard, at all three different HRTs. The effluent turbidity of all the biofil-
ters were above the NEC 2020 water standard of 5 NTU. The biofilter media sizes influenced COD
removal rates, although HRT had the primary influence on COD removal. During the 150 days of
operation, the smaller sized slag and bamboo medias achieved better removal under longer HRT
of 20 h. While, the larger media sizes of slag and bamboo achieved better efficiency under the
shorter HRT of 6 h. The smaller plastic strips of 3 mm with large surface area achieved better
removal efficiency under the different HRTs. The smaller media sizes provide larger surface area
for the attached growth and hence are expected to have better COD removal rates; however, it
seems media porosity also significantly influences the hydrodynamics and mixing of the influent

within the columns which further impacted the COD removal efficiency.

From the above studies, it can be concluded that UASB and ABF in series have the potential for
use as an on-site treatment alternative to the current “septic tank™ and soak-pit system which cur-
rently predominates in urban Bhutan, especially where soil treatment by soak-pit is not feasible due
to limited space or impervious soils. Shredded waste plastic flakes, which are low-cost and readily
available locally, may be an effective biofilter media for wastewater treatment. Their use as biofilter
media could help reduce the mounting plastic waste problems in Bhutan. Improvement and opti-
misation of the process design and media design (shape and sizes) would help further improve the
treatment capacity of this combined treatment system. However recently, the presence of micro-
plastics in the aquatic environment has been acknowledged as one of the major environment con-
cerns as this could pass through the food chain. The plastic biofilter flakes used in this pilot study
were subjected to abrasion in order to increase the surface roughness of the generally highly smooth
surfaces of the plastic bottles so as to enhance biofilm formation thereby possibly reducing the
start-up time of the ABF. This abrasive force could increase the potential of producing micro-plas-
tic during the preparation of biofilter media as well as its slow release during the long-term opera-

tions. Therefore, this is another area of research that needs to be considered in the future.

xXviii



	Title Page
	Certificate of Original Authorship
	Acknowledgements
	Articles and Conference Paper
	List of Abbreviations
	Table of Contents
	List of Figures
	Lilst of Tables
	Abstract



