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Abstract

Kathmandu valley, the country’s most urbanized city, is expected to deal with an estimated 200 million liters per day (MLD) of
wastewater at the completion of the Melamchi Water Supply Project. In this paper, we review the history, present, and future
prospects of the wastewater treatment plants (WWTPs) as well as estimate the total biogas potential of the expected wastewater
through anaerobic digestion using the chemical oxygen demand (COD) mass balance approach. The total biogas potential from the
expected 200 MLD wastewater with an average COD concentration of 1000225 mg/L, was estimated to be 23105+£5185Nm?/day
which is equivalent to a total electricity potential of 3.35+0.76 megawatt (MW). Thus produced bioenergy can be utilized to supply
the energy demand of the treatment plants, support the plants to be less dependent on the grid energy-thereby helping to achieve
energy self-sufficiency, achieve cleaner urban rivers, and possibly also reduce greenhouse gas emissions from the plants. This study

also encourages timely construction and completion of energy self-sufficient treatment plants around the country.
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1. Introduction

Wastewater has become a global concern with
fast-growing populations, rapid economic growth,
industrialization, and an increase in technical and
institutional capacity (Boretti and Rosa, 2019;
UNESCO, 2017). Globally, billions of litres of
wastewater are produced every day and the fate of thus
produced wastewater is different depending on how it
is handled locally (Mateo-Sagasta et al., 2015). The
wastewater treatment can be strongly correlated with
the countries' income, for instance: an average of 70%
of municipal and industrial wastewater is treated in
high-income countries whereas, in low-income
countries, it just averages around 8% (Mateo-Sagasta

et al., 2015). Nepal, one of the least developed
countries in the world with a low income and Human
Development Index (HDI) of 0.574 (UNDP, 2018), is
a good case in point with only 12% of its wastewater
being treated. The country has been considered as
having the lowest levels of wastewater treatment in the
Asia-Pacific Region in 2013 (UNESCO, 2017), while
also being the top fifth-fastest urbanizing countries for
the years 1990 to 2018 (UN, 2019). Statistically, two-
thirds of households in the country have had no access
to sewage facilities; dominantly in urban and poorest
quantile groups (CBS, 2016). Kathmandu valley is a
highly urbanized and densely populated city in the
country with about 6.5 % population growth rate
(Kathmandu Population, 2020) and comparatively has
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more sewerage coverage with treatment facilities. The
centralized wastewater treatment plants (WWTPs) are
mainly limited to the valley whereas in urban and peri-
urban with low-income areas, decentralized
wastewater treatment system (DEWATS) is mainly
adopted (GON, 2015).

Kathmandu valley includes five major cities:
Kathmandu, Lalitpur, Bhaktapur, Kirtipur and
Madhyapur Thimi. As of 2011, the valley had a
population of more than 2.51 million that produced an
estimated 69.012 MLD wastewater, out of which only
34.506 MLD was collected (Regmi, 2013). The fate of
this collected wastewater is not exceptional though as
all existing WWTPs being non-functional or only
partially functional, has led to the direct discharge of
wastewater into the Bagmati River system (ADB,
2019; Regmi, 2013). Moreover, with the completion
of the Melamchi Water Supply Project, there will be
an estimated additional 125 MLD wastewater
production, which will eventually have the same
future considering the current affairs (ADB, 2012).
Therefore, = Kathmandu  Valley =~ Wastewater
Management Project (KVWMP) was proposed to
rehabilitate, modernize, and expand sewerage
networks along with the existing WWTPs, and finally
to improve overall wastewater management in the
valley (KUKL, 2018a).

Kathmandu Valley had five major WWTPs:
Guheshwori, Dhobighat, Sallaghari, Hanumanghat,
and Kodku WWTP, with other many small DEWATS
installed around the valley. All of these major plants
have been run-down; mainly the lack of expertise,
management, and capability to supply the energy
demand has caused the failure of these plants (Regmi,
2013). The energy demand can be considered as the
dominant reason because a typical domestic WWTP
employing aerobic activated sludge treatment and
anaerobic sludge digestion requires 0.6 kWh/m?
energy (McCarty et al, 2011). To put this in
perspective, per capita consumption of electric energy
in Nepal averages around just 0.486 kWh per day
(World Data, 2019). Nepal’s net energy imports have
risen from 1.0 Mtoe in 1994 to 3.0 Mtoe in 2017 (IEA,
2017), demonstrating its increasing dependency on
imported energy sources (Surendra et al., 2011). Thus,
the country has not been able to address the
fundamental energy demands of the treatment plants.
On the other side, some researchers have documented
that municipal wastewater contains ten times as much
energy as is required for the treatment of wastewater
to meet the effluent standards (Shen et al., 2015).
Extracting the absolute energy potential of wastewater
is an unrealistic endeavour-for now, but making the
plants energy self-sufficient is a grounded and viable
resolution of the problem.

Energy from wastewater can be extracted in
different forms using various processes. Among them,
capturing biogas energy during the anaerobic sludge
digestion-a proven technology-is highly prevalent
globally. Thus produced biogas can be used to
generate electricity and heat simultaneously in the
plants, which helps turn them from an energy
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consumer into a producer (Bachmann et al., 2015;
Shen et al., 2015). Development of energy-efficient
wastewater treatment methods is an extremely
important part of keeping our environment safe and
cleans (Wang et al., 2020). In tropical/subtropical
rural areas of Nepal, even though biogas has been
produced from biogas digesters to provide energy for
lighting and cooking (Gautam et al., 2009), biogas
generation from wastewater in a considerable scale
itself has not been fully practised yet. But, the
proposed KVWMP has started including biogas
generation facilities in its plants (KUKL, 2018a). This
project can be an outlet for wastewater treatment with
energy viability from biogas production in Nepal and
promote self-sufficient WWTPs that collect and
utilize the energy present in wastewater which will
eventually help clean the polluted river systems and
reduce potential greenhouse gas, especially; carbon
dioxide and methane.

This paper aims to present the history, present,
and future prospects including challenges and
opportunities of biogas production from WWTPs in
Kathmandu valley, and to estimate the energy
potential of the expected wastewater-irrespective of
operational and environmental conditions, and
reactors’ type-in the form of biogas (methane) by
exploiting the available data from the WWTPs in the
valley. This study focuses to promote the development
of self-sufficient WWTPs in the country by
conducting a comprehensive case study of the
Kathmandu valley.

2. Overview of wastewater treatment plants
2.1. Historical perspective

In ancient times during Lichhavi Periods (300-
879AD), the water was supplied to the valley by
constructing stone spouts (Dhunge Dhara) fed by the
groundwater (Roka et al., 2016). With the provision of
water supply, the requisite sewer system was
constructed. The oldest sewer was made during the
Malla Dynasty (1200-1768) as a combined sewer for
domestic and surface drainage, which had their
outfalls located in open fields (Roka et al., 2016).
During the Rana dynasty (1898-1950 AD) the
sewerage was further developed and Pani Goshowara
Adda was established for the development and
management of wastewater systems (Nyachhyon,
2006; Roka et al., 2016). The main sewer made with
bricks, initially constructed in Kathmandu (44 km)
and Patan (11 km) only for storm water, latter was
reformed into a combined sewer system (Nyachhyon,
2006). Likewise, about 232 km long concrete piped
sewer system was developed to provide sewer facility
to 40% of the valley population (Nyachhyon, 2006;
Shukla et al., 2012).

In 1972, the Department of Water Supply and
Sewerage (DWSS) was established with the aim of
providing safe water and sanitation to people;
however, substantial efforts were come to be effective
only after the United Nations (UN) declaration of the
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International Decade of Drinking Water Supply and
Sanitation (GON, 2011). With the growing
population, water supply and wastewater management
became crucial, resulting in the investment of
wastewater treatment plants (Shukla et al., 2012). In
1977, Hanumanghat WWTP, an aerated lagoon of
capacity 0.5 MLD, located in Bhaktapur was the first
installment (KUKL, 2013). The major wastewater
treatment plants in the valley with their establishment
date and the initial capacity is presented in Table 1.

2.2. Current status of WWTPs in Kathmandu Valley

Kathmandu Valley has had five major
WWTPs, all of which has been either non-operational
or had treatment below design intentions. Thus,
Kathmandu Valley Wastewater Management Project
(KVWMP) was proposed to improve the appalling
status of wastewater services in the valley and
reinforce the plants for the upcoming increase in
wastewater after the completion of the Melamchi
Water Supply Project (MWSP) (KUKL, 2013).
KVWMP was initiated in 2013 with the Asian
Development Bank (ADB) as finance agency,
Ministry of Water Supply (MoWS) as top-level
planning agency, and Kathmandu Upatyaka
Khanepani Limited (KUKL) as the implementing
agency in the partnership with Government of Nepal
(GON) (KUKL, 2013). The objective behind the

project has been to collect wastewater systematically
and resurrect the river system, by releasing treated
wastewater within tolerable range into the water
bodies (KUKL, 2013). KVWMP works mainly to
rehabilitate and expand treatment plants, sewerage
networks, pumping stations, and interceptors along the
rivers within the valley. There are six WWTPs under
this project, with all the previously mentioned five
major WWTPs, and Gokarna WWTP, which is a small
treatment plant in Gokarneshwor. Gokarna WWTP
with a total area of 0.925 ha originally designed as a
reed bed treatment system (RBTS) will have a
treatment capacity of 0.6 MLD after the construction,
serving an estimated population of 7,200 (KUKL,
2013). All the WWTPs are being reconstructed/
rehabilitated in the pre-existing site whereas
Hanumanghat WWTP will be closed because of its
small size and the wastewater will be diverted to
Sallaghari WWTP (KUKL, 2013) (Table 1).

This project with five new WWTPs at Kodku,
Sallaghari, Dhobighat, Guheshwori, and Gokarna
(Table 1) will have a combined capacity of 90.5 MLD
serving estimated 1.96 million populations with an
energy generation of 910K'W through sludge digestion
and gasification (ADB, 2013; KUKL, 2013). The
present status of implementation of the major WWTPs
with their treatment capacity after the reconstruction
is also presented in Table 1.

Table 1. Major wastewater treatment plants in Kathmandu Valley with their characteristics
(ADB, 2019; KUKL, 2013, 2018a, 2018b;)

WWTP Hanumanghat Sallaghari Kodku Dhobhighat Guheshwori Khokana*
Establishment date 1975 1983 1982 1982 2002
Geographical 27°4026.3"N 27°4027"N 27°40'36'"N 27°42'45.3"N
Coordinate ) 85°24'33"E 85°20'13"E 85°17' 55"E 85°21'25.6"E
Original supporting IADA’ . I.DA’ .
agenc GTZ/Germany | GTZ/Germany Epgmeermg Epgmeermg GON
seney Science/ USA | Science/ USA Proposed
Nominal Capacity
(MLD) 0.5 2 1.1 154 16.4
Typ © of Plant Aerated Aerated W?Ste. Wgste. Oxidation
Originally Lagoon Lagoon stabilization stabilization ond
installed & & pond pond P
WWTP Area
Available (ha) 0.35 3.4 6.5 30 5 38.5
Treatment Activated Sludge Activated Activated Activated Activated
Technology Sludge Sludge Sludge Sludge
Wastewater
Treatment Capacity 13.1 7 39.2 30.6
in 2020 (MLD)
Wastewater
Treatment Capacity 13.1 11.2 39.2 30.6 245
in 2030 (MLD)*
Approximate Gas
engine (KW) 130%* 160* 330 300
Stat;ls of . . . Ongoing
Implementation Design Phase Design Phase Design Phase -
progress Construction

*indicates, a future project, MLD= Millions of litres per day, ha= hectare, KW=Kilowatt
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2.3. Future expansion of WWTPs in Kathmandu
Valley

With the continuous increase in wastewater
alongside population, the constructed WWTPs would
be insufficient to treat the wastewater produced from
the valley, which leads to the necessity of the
expansion of the wastewater treatment system.
Therefore, KVWMP has planned the expansion of
existing WWTPs and construction of additional
treatment plants by 2030. In this context, the
government has initiated the acquisition of 40 hectares
of land at Khokana for future construction of the
treatment plant with 245 MLD capacities (KUKL,
2013). Likewise, Kodku WWTP will be expanded to
increase its treatment capacity from 7 MLD to 11.2
MLD. The expansion and treatment capacity of
WWTPs is also summarized in Table 1, and the
diagrammatic layout of major WWTPs in Kathmandu
Valley under KVWMP is presented in Fig. 1.

3. Wastewater and biogas estimation

3.1. Wastewater treatment technologies used in
KVWMP

KVWMP has emphasized on Activated Sludge
Process (ASP) with technologies like Sequencing
Batch Reactor (SBR), Moving Bed Biofilm Reactor
(MBBR), Oxidation Ditch, etc. in all the major plants,
in order to enhance operational efficiency and reduce
undesirable odor (KUKL, 2013; KUKL, 2018b). The
main components of the plants used in the Valley (Fig.
2) are Screening and Grit chambers, Primary
Sedimentation Tanks, Activated Sludge Tanks,
Secondary Sedimentation Tanks, Tertiary Treatment
Facility, Disinfection Facility, Sludge Thickening
Facility, Anaerobic Sludge Digester, Bio-Gas

Generation Facilities, Sludge Dewatering machines,
etc. (KUKL, 2018a, 2018b). These components are
designed so as to ensure the effluent is within the
permissible standard, making it suitable for
irrigational reuse or river discharge.

For biogas generation, the sewage sludge from
the primary and secondary tank is sieved, thickened,
and collected for digestion (KUKL, 2018a). A
completely mixed type anaerobic digester, with 20
days of retention time maintained at mesophilic
temperature (35°C) is used for this process (KUKL,
2018a). Breakdown of organic particles present in the
sludge produces biogas, which is then treated for
moisture removal and desulfurization, and used for
electricity production through a generator. The
schematics of unit operations and processes are
illustrated in Fig. 2.

3.2. Fundamentals of anaerobic digestion

Anaerobic digestion (AD) is a sequential
biological and chemical process for the breakdown of
organic materials by microbial organisms in the
absence of free oxygen. It is an application of a series
of processes that use a diverse population of bacteria
for the degradation of complex organic matters
(Chynoweth et al., 2011; Chen and Neibling, 2014).
The AD process is mainly subdivided into the four
phases (Fig. 3) and these processes help to reduce the
volume of waste while transforming non-soluble
organic matters to gas, soluble form such as; organic
acid, acetate, hydrogen and carbon dioxide as
intermediate products. Eventually, the intermediate
products are biologically transformed to methane gas
via methanogens is process, with the production of
digestate which can be used as fertilizers (Asadi et al.,
2020; Bakraoui et al., 2019b; Ersahin et al., 2011;
Reith et al., 2003).

N

Legend
s WWTP

River

Fig. 1. Diagrammatic layout of major WWTPs in Kathmandu Valley under KVWMP
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Fig. 3. Schematic diagram of four phases in the anaerobic digestion process

The mechanism of digestion is affected by
different parameters like temperature, pH, alkalinity,
organic fractions, volatile fatty acid, toxicity, inflow
rate, total solids, and hydrolysis rate of the substrate
(Bakraoui et al., 2020a, 2020b, 2020c; Reith et al.,
2003) whereas the composition of biogas is mainly
determined by the type of substrate. General range of
percentage proportion of biogas is 40-75% CHa, 25-
40 % CO», 0.5- 2.5% N, 0.1-1 % O, and other gases
(Arthur and Brew-Hammond, 2010). The energy
value of thus produced biogas depends upon their
composition, volume of methane and their relative
densities (Bakraoui et al., 2020b). Biogas from sewage
sludge has a comparatively higher methane content of
63 to 67 % compared to other feedstock (Bachmann et
al., 2015).

3.3. Potential biogas estimation

Biogas yield from wastewater depends upon
different water and treatment characteristics: the
biological oxygen demand (BOD), volatile suspended
solids (VSS), digestibility of the organic matter,
microbial activity, humidity, retention time, the
temperature in the digester, etc. These parameters
determine the feasible gas yield from the wastewater,

and by controlling these parameters the gas yield can
be optimized (Demirbas et al., 2016; Reith et al.,
2003;). Among these, chemical oxygen demand
(COD), representing the organic carbon present in the
wastewater, is a key parameter which can be used to
estimate the potential biogas production (Baquero-
Rodriguez et al., 2016; Pasztor et al., 2009; Reith et
al.,, 2003). This COD can be divided into bio-
degradable COD, non-biodegradable COD, and active
biomass COD (Pasztor et al., 2009). If the biomass
COD is not considered, the fractionation can be
simplified as presented in Fig. 4.

Readily Biodegradable Metabolism
&
£
=
o
o E‘ Slowly, Particulate Adorption, Hydrolysis and
8 2 Biodegradable Metabolism
®
B
0
=
@
K Non-Biodegradable Effluent
=
%E.;. Non-Biodegradabl
B N Scegladeile Sludge Production
H Particulate

Fig. 4. COD fractionation in a conventional
wastewater treatment plant
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The overall microbial growth governs the
exploitation of degradable substrate, where the
biodegradable COD (bCOD) is used to express the
amount of organic compound present in the
wastewater.

On further fractionation of COD, the
biodegradable soluble (bsCOD) of wastewater relates
to the stoichiometry of substrate oxidized for cell
growth as it can be metabolized readily by a
microorganism (Baquero-Rodriguez et al., 2016;
Tchobanoglous et al., 2003). So, this fraction of total
COD, biodegradable soluble COD (bsCOD) is used to
estimate the biogas potential of the wastewater. While
considering this bsCOD, both the readily and slowly
soluble biodegradable COD should be accounted
(Reith et al., 2003; Tchobanoglous et al., 2003).

The COD mass balance technique, based on the
Law of Conservation of Mass, was applied to consider
for the change in COD during fermentation, where the
COD loss is accounted for the methane production
(Tchobanoglous et al., 2003). A steady-state mass
balance equation for COD, as presented by
Tchobanoglous et al., 2003, was employed to estimate
the amount of the influent COD converted to
methane as described in Eq. (1-3).

CODinf = CODeff + COD/SS + CODmethane (1)

COD,, =0.01x(100—7) COD, (2)

COD,, = (Bacterial biomass)x (Net biomass Synthesis Yield) x
x0.01x7 COD,

3)

where: CODip= Influent COD; CODegy= Portion of
COD influent in effluent;CODyss= Influent COD
converted to cell tissues; CODpethane= Influent COD
converted to methane; 1j= Efficiency of COD removal.

The above (Eq. 1) can be used to estimate the
methane generation equivalent to COD, whereas the
COD¢fr and CODyss are determined using Eq. (2-3).
Mathematically, the COD equivalent of methane is
defined as amount of oxygen required to oxidize
methane into carbon dioxide and  water
(Tchobanoglous et al., 2003).

CH, +20, - CO, +2H,0 “4)

From the above balanced (Eq. 4), the COD per
mole of methane is obtained as 64g O»/mole. The
volume of methane per mole at standard temperature
and pressure is 22.4 L, so the CH4 equivalent of COD
converted under anaerobic condition is 0.35L CHa/g
COD (Tchobanoglous et al., 2003). In other words,
each gram of COD in the above reaction of (Eq.4)
generates 0.35 liters of methane in the system.

For the estimation of biogas from Kathmandu
Valley, we considered the projected wastewater (200
MLD) generated at the end of the MWSP. Albeit, the
characteristics of wastewater produced depends upon
the source, waste feedstock, geographical location,
and different factors (Demirbas et al., 2016), an
average uniform value (1000 mg/L) of COD for the
valley is considered, as the governing factors for
wastewater production is more or less identical in the
study area. Furthermore, owing to the limited
availability of influent COD data in WWTPs around
the wvalley, the wvalley’s wastewater COD was
considered to be identical to that collected in
Guheshwori WWTP of 1000+£224.4mg/L (Regmi,
2013). According to Mogen Henze, 1992 and Baquero
et al. 2016, the biodegradable soluble fraction is most
likely to be around 35-40% of the total COD
(Baquero- Rodriguez et al., 2016; Henze, 1992).
Considering 40% of the total COD to be biologically
degradable, the bsCOD of wastewater is found to be
400+90 mg/L. Assuming all wastewater undergoes
anaerobic treatment, with 90% COD removal
efficiency, the total daily estimated biomass is
4.089x10% +£9.2x10° g/d whereas CODpethane 1S
6.79x107+1.524x107g/d. In an ideal condition of 100%
efficiency of COD capture in a treatment process, the
total daily produced biogas considering the baseline
data tabulated (Table 2) is 41791.02+ 9378Nm?/d.
Thus produced biogas has the electric potential of
6.10=1.36MW considering the baseline data (Table 2).

This estimated theoretical value is solely based
on COD mass balance (Fig. 5) of the expected
wastewater and bsCOD present in it which may differ
from the empirical value. Percentage of bsCOD might
vary on feedstock and type of settlement area, while
actual COD of wastewater collected through all the
plants around the valley may also be highly variable-
spatially as well as temporally-unlike our study
consideration.

Table 2. Baseline data for biogas estimation from Kathmandu valley
(KUKL, 2018b; Regmi, 2013; Tchobanoglous et al., 2003)

Parameters Value Parameters Value
Wastewater Produced (MLD) 200 Biogas methane (%) 65
COD (mg/L) 670-1350 Net biomass Synthesis Yield (g VSS/g bsCOD) 0.04
Average COD (mg/L) 1000 Bacterial Biomass (gCOD/g VSS) 1.42
bsCOD/COD 40% Calorific value of Biogas (kcal/Nm3) 8560
Efficiency of COD removal(n) 90% Calorific value of electricity (kcal/kWh) 860
COD capture efficiency (1a) 60% Gas engine efficiency (np) (%) 35
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Therefore, to consider the feasible biogas
production, all the myriad factors such as COD
capture efficiency of the treatment process, digester
type, hydraulic retention time, environmental
conditions, feedstock, toxic content etc. of the
treatment plants should also be accounted, which are
the limitations of our approach. Despite these
limitations, our estimation demonstrates the tentative
energy potential of expected wastewater in
Kathmandu Valley.

Nevertheless, for further accuracy, we consider
the COD capture efficiency (Fig. 5 and Table 2) of the
technology used in treatment plants in Kathmandu
Valley. ASP, as emphasized in KVWMP, despite
being advanced, has been noted to have low efficiency
in capturing COD before the biological oxidation
(Pluciennik-Koropczuk and Myszograj, 2019). After
we considered the COD capture efficiency of the ASP
of 60% (Khanal, 2011) and used (Fig. 5 and Table 2)
for calculation, the daily estimate biomass is estimated
to be 2.45x 10% 5.52x 10° g/d whereas the potential
biogas production is found to be 23105+5185Nm*/day
which is equivalent to a total electricity potential of
3.35+0.76MW. The presented estimation is a tentative
evaluation of the energy potential of wastewater
produced within Kathmandu wvalley. In reality,
characteristics of wastewater considerably depend
upon the type and source of wastewater, and
environmental and operational conditions. Therefore,
subsequent optimizations of the biogas production
should be prioritized based on suitable and relevant
anaerobic process. The design of any treatment plant’s
components like reactor and digester type should
consider the characteristic of waste, economical, and
environmental conditions (Mir et al., 2016). This
viable energy from the wastewater treatment plant in
the form of heat and electricity can reduce the
dependency on the energy grid, inevitably resolving
the interference for the efficient and sustainable
operation of the treatment plant.

4. Challenges of WWTPs and biogas production

The initial project completion date of KVWMP
was mid-2018, however recent study and field visits
have reported the works to be still fragmentary with
most of the plant’s work still in the design phase
(ADB, 2019; KUKL, 2013). At present, KVWMP
should be given a high priority by the government and
relevant organizations as its successful completion is
a major step towards the reclamation of wastewater
and improvement of river water environment in the
valley. The project has been delayed from the
proposed plan long enough to probably necessitate
recalibrations in its design considerations, therefore,
enforcement systems should be provided for its
streamlined progression that can meet the
requirements of the changing scenario of Kathmandu
valley.

Many countries have developed tremendous
technologies in wastewater treatment and reuse with
substantial physical and research works, while in
Nepal, such efforts have been based on small scale
survey, study, and research which hinder effective
design, planning, implementation, and smooth
operation of the projects. Further, the technology used
in the plants, ASP, has a major disadvantage in terms
of energy consumption, alongside the need to treat
waste sludge before disposal (Wan et al., 2016).
Moreover, this process requires excessive
mechanizations, along with huge construction and
operational costs, need of specialized technical staffs,
inadequate payback from biogas with irregular energy
outage, thus making the project more demanding
(Regmi, 2013; Shen et al., 2015).

Considering the low operational efficiency of
the ASP; the adoption of innovative treatment
configurations, and evolving technologies should also
be considered as a viable option, where an improved
energy recovery can be obtained by efficient capture
of COD (Shen et al., 2015; Wan et al., 2016).

CcoD
i ¥ 60Kg
! Digestate } Anaerobic :
L Siudge ;< Digestor > Biogas
% 1)
oD COD 30Kg coD
35Kg co? 25Kg
|nf|uent P . Aeration S d Efﬂuent
I rimary I econdary I
coD Sedimentation coD Tank coD Sedimentation coD
100Kg 65Kg 35Kg 10Kg

Fig. 5. COD mass-balance through a conventional wastewater treatment plant
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Anaerobic digestion is sensitive to toxicants:
the presence of toxicants in the influent, as well as
toxic by-products in the digester, can generate
instability, decreases methane production, and in
extreme conditions, cause failure of methane
production (Chen et al., 2014). Understanding the
different parameters of wastewater like organic
loading, pH, presence of inhibitory toxic content, etc.
that can contribute to instability in the anaerobic
digestion should be studied and properly optimized to
increase the efficiency (Chen et al., 2014). This can be
carried out with proper and systematic research to
understand the microbial metabolism, biochemistry
and the overall treatment process relevant to the
nature, composition and biodegradability of waste
which depend on the influence area (Bakraoui et al.,
2019a, 2020c¢).

WWTPs are also a source of anthropogenic
emissions like methane, nitrogen oxides, carbon
dioxide, and other gases produced during the
conversion of organic and nitrogenous matters, which,
if not properly operated and managed, contributes to
the escalating climate crisis (Campos et al., 2016). The
ratio of gases produced during anaerobic digestion
depends upon various parameters, which can be
altered to achieve high methane production by
modifying the operational conditions and using
efficient equipment and configuration optimization
(Campos et al., 2016; McCarty et al., 2011).
Furthermore, even after the capturing of biogas,
contaminants clean up in the final products remains
one of the technical barriers, which is a costly process
if required strict standards and quality specifications
to be met (Shen et al., 2015).

5. Conclusions

This paper reviewed the past, present and
future scenarios of wastewater treatment services in
the Kathmandu Valley, focusing on the endeavor of
KVWMP. At the end of the project, KVWMP, the
general scenario of the plants can be considerably
transformed, energy perspective of which is presented
in the paper. The study estimated the potential and
feasible biogas production using COD mass balance
and efficiency of the activated sludge process with its
electricity potential from the estimated wastewater
production.

Although the estimated biogas production and
electricity generation was theoretically approached-
values likely being different from the actual
production-this cursory estimation can surely provide
a tentative idea of the energy potential of wastewater
in Kathmandu Valley. The energy generated from
biogas in the wastewater can decrease energy
dependency and provide a platform to showcase and
advertise the possibility and sustainability of
renewable energy for energy-sufficient treatment
plants. Also, in Nepal, this can be a precedent to
provide a perspective to see wastewater-broadly
waste-more than just a problem but as an opportunity
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to generate energy in an environment-friendly way,
and also help reducing greenhouse gas emission from
wastewater treatment plants. This paper thus suggests
promoting biogas production as an efficient and
sustainable source of supplemental energy for the
operation of WWTPs.
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