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The sustainable management of municipal solid waste in the Kathmandu Valley has
always been a challenging task. Solid waste generation has gone rapidly high in the
Kathmandu Valley over the last decade due to booming population and rapid urbanization. Finding appropriate landfill sites for the disposal of solid wastes generated from
the households of the Kathmandu Valley has always been a major problem for Nepalese
government. 65 % of total generated wastes from the households of Nepal consist of
organic materials. As large fractions of generated household wastes are organic in nature, composting can be considered as one of the best sustainable ways to recycle organic wastes generated from the households of Nepal.
Model Community Society Development (MCDS), a non-governmental organization of
Nepal carried out its small-scale project in five households of the Kathmandu Valley by
installing composting reactors. This thesis is based on this small-scale project and has
used secondary data provided by MCDS Nepal for carrying out the study. Proper management of organic wastes can be done at household levels through the use of composting reactors. The end product compost can be used as soil conditioners for agricultural
purposes such as organic farming, roof-top farming and gardening.
The overall average organic waste generation in the Kathmandu Valley is found to be
0,23 kg/person/day and the total amount of organic household wastes generated in the
Kathmandu Valley is around 210 Gg/yr. Produced composts from five composting reactors contain high amount of moistures but have sufficient amount of nutrients required
for the fertility of land and plant growth. Installation of five composting reactors in five
households have prevented 2,74 Mg of organic wastes going into the landfills, thus reducing 107 kg of methane emissions which is equivalent to 2,7 Mg of carbondioxide.
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1 INTRODUCTION
The sustainable management of municipal solid waste (MSW) has become a global
challenge nowadays. Solid waste generation is a natural phenomenon but on the other
hand, it has gone rapidly high due to increase in the worldwide population levels over
the last five decades (Singh, et al., 2011). The other factors which have increased the
rate of MSW generation are booming economy, rapid urbanization and rise in human
living standards (Guerrero, et al., 2013). It is estimated that 90-95 % of total waste in
the developing countries is dumped or landfilled in open areas creating environmental
problems. These landfills are the sources of methane and carbondioxide emissions,
which are called greenhouse gases (GHGs). These landfill gases (LGs) account about 4
% of total global GHGs emissions which are causing climate change and global warming. (Anderzén & Blees, n.d.)
According to a World Bank Study, it has been estimated that per capita waste generation rates in the countries such as China, India, Indonesia, Thailand, Vietnam, Cambodia, Malaysia and Bangladesh will climb up by 1-2 times between 1998 and 2025
(Singh, et al., 2011). It is going to be a challenging task to tackle with such tremendous
amounts of wastes in the coming future and if these wastes are not managed properly, it
will lead to the severe deterioration of environmental quality causing serious threats to
human health. Residential areas, commercial and institutional areas (such as warehouse,
restaurants, and shopping malls), open areas (streets, playgrounds, parks) and treatment
plant sites (such as waste water and sludge treatment plants) are considered to be the
general sources for the generation of MSW (Mor, et al., 2006). In high income countries, 25-35 % of total solid wastes come from residential sectors comprising of food
wastes, paper and cardboard, glass, metals, rubbers and plastics, and ashes. (Singh, et
al., 2011)
Generally, solid waste management practices consist of six functional elements and they
are waste generation, storage and handling of the waste at the source, collection, transfer
and transport, treatment and transformation processes and at last disposal process. Different options are also available for municipal solid waste management such as landfilling, waste to energy technology, land application of waste, composting, vermicomposting and digestion (Pires, et al., 2011). In the present scenario, the most of generated
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wastes are disposed in open dumps in developing countries and in landfills in developed
countries. (Singh, et al., 2011)
MSWs are highly organic in nature because they consist of degradable food wastes such
as green vegetables, meat products, etc. The weight percentages of biowaste (excluding
paper, bio plastics and cardboards) found in the household wastes from countries such
as Japan, USA, Sweden, The Netherlands, Germany, Canada and Brazil are 42, 23, 45,
30, 27, 29 and 50 % respectively (Fehr, et al., 2000). In Europe, Organic household
wastes (OHWs) which comprise of food wastes and plant wastes containing low amount
of moistures, are often incinerated in Waste to energy (WtE) plants to recover energy
(Omer, 2007).
Similarly, mixed household wastes containing biowastes, paper, cardboards, and textiles
are also taken to the incineration plants for the energy recovery process but the environment impacts such as GHGs emissions and generation of bottom ashes containing
heavy metals from incineration plants cannot be ignored (Andersen, et al., 2012). In
developing countries, moisture contents of wastes are so high that additional fuels are
required for the combustion process resulting in high expenses. As wastes contain high
amount of organic matters with high amount moistures, WtE technologies are not common in developing countries. (Singh, et al., 2011)
On the other hand, composting technology is cheaper and quite compatible, which can
be carried out at the household levels compared to other technologies. But the main precondition for composting is that biowaste which contains food waste and plant waste,
should be separated at the source from other non-degradable wastes (Fehr, et al., 2000).
Mechanical separation is also possible during the initial stage of composting process but
this kind of activity will lead to the production of poor quality of compost product
(Singh, et al., 2011). Similarly, the environmental impacts of composting are also quite
low (less emission of GHGs) compared to other treatment options such as landfilling
and WtE recovery process. That’s why recycling technology such as composting can be
considered as suitable waste management option for organic household wastes consisting of food waste and plant waste irrespective of their high moisture contents.
(Andersen, et al., 2012)
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1.1 Background
Kathmandu, the capital city of Nepal, is one of the most densely populated cities of Nepal which consists of approximately 1,7 million households and 2,5 million population
(Central Bureau of Statistics , 2011). The Kathmandu valley has 10 % of national population even though it occupies only about 0, 5 % of total land area of Nepal. Due to rapid urbanization in the Kathmandu valley, challenges faced by municipalities because of
solid waste management practices, have become burning issues in Nepal for more than a
decade. The amount of national budget allocated for environmental management sector
is quite low in Nepal. Solid waste management such as finding appropriate sites for
landfilling of solid wastes generated from the households of the Kathmandu valley has
always been a challenging task in Nepal. (Pokhrel & Viraraghavan, 2005)
According to Mazumdar, et al. (2012), 65 % of total generated wastes from different
municipalities of Nepal including Kathmandu Metropolitan city consist of organic materials while 25 % of total generated wastes consist of recyclable materials such as plastic, metal, glass and papers. Most of the municipalities include open dumps in the abandoned field or on the bank of rivers as traditional practice of managing solid waste
while fewer municipalities are composting and burning small percentages of generated
wastes. As huge amount of wastes are generated every day in the Kathmandu valley, the
proportion of composting and burning of generated wastes is significantly low. (Dangi,
et al., 2011; Pokhrel & Viraraghavan, 2005)
On the other hand, burning of wastes is not carried through proper incineration systems
but they are incinerated in open fields causing environmental pollution. Similarly, illegal dumping of solid wastes in abandoned lands or on the bank of rivers had created
environmental and health problems such as bad smell, emissions of methane gas and
formation of leachate. Hence, the problem of solid waste management in the Kathmandu valley is becoming more severe day by day. (Pokhrel & Viraraghavan, 2005;
WaterAid, 2008)
As the large fraction of MSW of Nepal consists of large percentages of organic materials, composting of solid waste is the one of the best sustainable ways of managing solid
waste of Nepal. The end product compost can be used as an organic fertilizer, which
increases the productivity of land. Composting of OHWs significantly reduces the envi-
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ronmental impacts compared to other solid waste management practices (such as incineration in open fields and landfilling) carried out in Nepal. (Dangi, et al., 2011)
Separation of organic wastes from non-organic wastes such as plastics, metals, rubbers
etc. at the source point will help to decrease the waste treatment cost and increase the
recycling potential of non-degradable substances. Composting is simple and effective
way of recycling the organic food and plant wastes, which is being practiced traditionally by many people all around the world. This waste treatment option can be carried out
at household level, community level, municipal level and institutional level using different methods such as aerobic composting, co-composting and vermicomposting.
(Pokhrel & Viraraghavan, 2005; WaterAid, 2008)
This research work ‘‘Decentralized management of organic household wastes in the
Kathmandu Valley using small-scale composting reactors’’ deals with one small-scale
project carried out by Model Community Development Society (MCDS), which is a
non-governmental organization of Nepal. In this research work, low-cost composting
reactor so called MCDS rotating compost bin has been developed and installed at five
different houses of the Kathmandu Valley in order to convert the generated organic
household wastes consisting of food and plant wastes into compost. Later, the final
products i.e. composts are used by residents for their own agricultural purposes. Recycling of organic wastes at household levels through composing process can be considered as an effective and sustainable method to manage organic solid wastes of Nepal.

1.2 Objectives
This research work deals with the possibility of effective management of organic
household wastes at household levels through the means of small-scale composting reactors in the Kathmandu Valley. Different kinds of waste-treatment technologies used
for the management of organic wastes (basically food and plant wastes) in the various
parts of world including Nepal will be reviewed in this thesis. The organic wastegeneration rate in the Kathmandu Valley will be quantified, too.
Similarly, the physical and chemical parameters such as moisture content, pH, nutrient
contents like nitrogen, phosphorous and potassium of compost produced from organic
household wastes using composting reactors will be compared with Nepal’s compost
standard values for determining the quality of produced compost. After that, reduction
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of methane gas emissions by composting reactors installed at five households of the
Kathmandu Valley will be evaluated. Finally, waste management behaviours of household residents and existing waste management practices in the Kathmandu Valley will
be analysed with the help of household survey carried out by MCDS Nepal.
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2 GLOBAL PERSPECTIVES ON ORGANIC WASTE MANAGEMENT
2.1 Overview of Solid-Waste Management
‘‘Solid-waste management may be defined as the discipline associated with controlling
the generation, storage, collection, transfer and transport, processing, and disposal of
solid waste in a manner that is in accordance with the best principles of health, economics, engineering, conservation, aesthetics, and other environmental considerations,
and that is also responsive to public attitudes. In its scope, solid-waste management
includes all administrative, financial, legal, planning, and engineering functions involved in the solutions to all problems of solid waste.’’ (APO, 2007)
Solid-waste management has become a major challenge in urban areas throughout the
world. The disposal of solid waste has become a major concern nowadays. Factors such
as booming economy of a country, high population growth, extensive urbanization and
rise in community living standards have led to the higher generation rate of municipal
solid wastes. MSW management has been highly neglected particularly in the urban
areas of developing countries due to lack of organization, financial resources, system
multidimensionality and complexity (Al-Khatib, et al., 2010). Disposal of solid wastes
in open pits has become common practice in major places of developing countries. Degradable and non-degradable matters present in solid wastes have posed threat to human
health by attracting household pests and accumulating in the surroundings. (Guerrero, et
al., 2013)
According to the 2002 World Summit on Sustainable Development in Johannesburg,
sustainable development should continue to be part of any development initiative, focusing on the different aspects such as poverty alleviation, production and consumption
and the efficient use of natural resources. As urbanization is rapidly increasing, world is
facing challenges in the disposal of wastes. It has been mentioned that long-term disposal options are limited and will hinder sustainable development, too. Therefore, it has
been necessary to find the ways of minimizing the wastes or converting wastes into useful resources (APO, 2007). Green productivity (GP) measures such as reduction, recycling, reuse and recovery are considered as important elements in solid waste manage-
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ment, which will help in the efficient use of natural resources thus playing a key role in
achieving sustainable development. (Corsten, et al., 2013)
Disposal of waste into open garbage dumps has become the current practices in the
most of developing nations. It has become extremely difficult for finding a site for a
new landfill in any places due to ‘‘not in my backyard’’ syndrome. However, more economically advanced countries are finding options through sanitary landfills and incinerators (Al-Khatib, et al., 2010). The waste that is taken into dumps, landfills and incinerators has greatest potential for recycling, reuse or processing. In developed countries,
wastes such as paper, metals and plastics are highly recycled because their demands are
growing. More and more countries are using materials recovery facility option to turn
these wastes into useful products (Guerrero, et al., 2013). The most important step that
should be carried out at the initial stage for GP practices is waste segregation. Residents
should separate their waste from the source so that GP practices can be carried out effectively. (APO, 2007)
The waste generated in industrialized countries can be different from those generated in
non-industrialized countries because non-industrialized countries have more organic
waste. These organic wastes are wet and have low heating values, making these wastes
impossible to incinerate without adding extra fuel. Therefore, composting and anaerobic
digestion can be suitable options after biowaste separation for organic waste management in non-industrialized countries. (APO, 2007)
2.1.1 Overview of solid waste management in Finland
According to statistics, the amounts of waste in European country such as Finland are
increasing. The amount of total wastes in Finland were about 66, 74, 80, and 85 Tg (1
teragram = 106 megagrams) in 2004, 2007, 2008 and 2009 respectively. Majority of
wastes were generated from construction, mining and quarrying sectors. Urbanization
and growth in gross domestic product were the key factors for the increased production
of municipal solid waste. Although the amounts of MSW are increasing i.e. 2,5 Tg in
2010 and 2,7 Tg in 2012, the amounts of waste sent to landfills are decreasing. According to Fischer (2013), there was reduction in the percentage of biodegradable municipal
waste (BMW) landfilled from 50 % in 2006 to 39% in 2009 in Finland. Operation of
more incineration plants and increased recycling of paper as well as biowastes are con-
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sidered to be the main reasons for the steady reduction of BMW landfilled in Finland.
(Piippo, 2013; Statistics Finland , 2013)
Households and public sectors are considered to be the main sources generating 86 %
and 14 % of total MSW respectively in Finland. Until the1990s, the main disposal
method in Finland was landfilling. After that, new modern incineration plants and composting plant were established. In 2009, 54 % of municipal waste was recovered as material or energy. Improved sorting and separate collection were the key factors for the
increase in the recovery rate of MSW. In 2010, the recovery rate of waste as material or
as energy climbed up to more than 55 %. Waste materials such as paper and cardboard,
bio-waste, glass and metals were recovered to the highest percentages. Similarly, about
6 % of MSW was composted and about 2 % was anaerobically digested for biogas production in Finland during 2008. The municipal solid waste generation in Finland in
2012 is shown in Table 1 below. (Piippo, 2013)
Table 1: Municipal waste in 2012 in Finland (megagrams). (Statistics Finland , 2013)
Amount of Waste

Treatment

Components

Mg

%

Recycling

Energy Use

Landfilling

Total mixed waste

1 394 746

51

6 171

519 761

868 814

Separately collected waste

1 203 148

44

894 014

297 473

11 661

Paper & Cardboard

364 902

13

327 904

36 986

12

Organic waste

363 259

13

328 445

31 270

3 544

Glass

30 476

1

29 947

-

529

Metal

123 915

4,5

123 913

1

1

Wood

78 563

3

3 793

74 769

1

Plastic

36 127

1

4 451

31 676

0

67 871

2,5

67 829

42

-

Other

140 201

5

12 411

107 591

20 199

All Total

2 738 095

100 %

912 596

924 825

900 674

WEEE

Different kinds of combustion technology such as fluidized bed combustion, grate firing
and gasification have been used in Finland and other western European countries for
waste incineration. About 300 000 Mg (1 megagram = 1 ton) of MSW consisting of biowaste were burnt in incineration plants during 2009 in Finland. Similarly, composting
method is also commonly used in rural areas of Finland for managing household organ-
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ic wastes. Due to strict requirements for the base structure of landfills, the number of
landfills in Finland is strongly declining. Waste fractions that cannot be utilized are
transported to landfills for final disposal. From the above table 1, around 33 % of total
generated MSWs of Finland were landfilled in 2012 and still part of mixed MSW goes
to landfills. Landfilling of organic wastes will be banned in Finland from 01.01.2016
because degradation of these organic wastes results into greenhouse gases. From the
beginning of 2016, only inorganic waste such as ashes coming from incineration plants
can be landfilled. (Piippo, 2013)
The flow diagram for the waste management practices in Finland is shown in the Figure
1 below.
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Figure 1: Waste management practices in Finland. (Piippo, 2013)
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2.2 Organic waste
Organic wastes can be described as biodegradable matters coming from animals and
plants. Household food wastes, human and animal wastes, and agricultural residues are
considered as the main forms of organic wastes. These organic wastes are commonly
found in municipal solid wastes as green waste, food waste, biodegradable plastics, and
paper waste (Lardinois, 1993). Similarly, domestic or household organic wastes are
made up of cooked or uncooked foods, plants, flowers, fruits, vegetables, napkins, paper
towels, eggshells, rice, beans, and waxed cardboard papers. These organic household
wastes are highly organic in nature, which can be recycled into compost after source
separation at the home. (The Schumacher Center for Technology & Development, n.d.)
The main environmental threat caused due to organic wastes is the production of methane. In the absence of oxygen, organic wastes will produce methane and carbondioxide by anaerobic digestion. This biogas can be captured and turned into energy through
anaerobic digesters (Mor, et al., 2006). However, these organic wastes generated in
large volumes from urban areas can be reused in three ways; to feed animals (fodder) ,
to improve the soil (compost), and to provide source of energy (briquettes or biogas).
According to Lardinois (1993), incineration process can be also utilized for the energy
recovery from organic wastes but anaerobic digestion plants produce biogas and nutrient-rich digestate simultaneously which are used as fuels and fertilizers respectively.
The composition of generated municipal solid wastes from low to high income countries is shown in the table 2 below.
Table 2 : Relative composition of generated municipal solid wastes from low, medium and high income
countries. (Singh, et al., 2011)
Parameters

Low-income country

Medium-income country

High-income Country

Organic (%)

40-85

20-65

20-30

Paper (%)

1-10

15-30

15-40

Plastics (%)

1-5

2-6

2-10

Metal (%)

1-5

1-5

3-13

Glass (%)

1-10

1-10

4-10

Rubber, Leather (%)

1-5

1-5

2-10

Others (%)

15-60

15-50

2-10

Moisture Content (%)

40-80

40-60

5-20

Calorific Value (kJ/kg)

3347- 4602

4184-5439

6276- 11 297
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According to the above table 2, generated solid wastes from developing countries with
low income contain higher amount of moistures and organic matters. Such kind of
wastes with higher amount of organic matters is suitable for composting process. However, the ideal C/N ratio for composting is about 25:1 to 30:1 (Lardinois, 1993). The
chemical characteristics of MSW produced from five different developing countries are
shown in the Table 3 below. It can be seen that C/N ratios for some countries are below
and above the ideal range, which indicates that wastes of these countries need some C/N
ratio balancing before carrying out the composting process.
Table 3: Elementary compositions of MSW in the different cities of developing countries
Constituents

Locations

(% by wet

Dhaka,

Tianjin,

Kuala Lumpur,

Delhi,

Cape Haitian,

weight basis)

Bangladesh

China

Malaysia

India

Haiti

Moisture

56

44

55

44

56

Carbon (C)

16,6

25

21

21

23

Hydrogen(H)

2,4

3

3

-

1

Nitrogen(N)

0,8

0,9

0,6

1

0,7

Sulfur(S)

0,01

0,1

0,1

-

-

Oxygen (O)

2,6

17,00

12,7

-

-

Ash

22

10

9

16

21

C/N ratio

21:1

28:1

35:1

21:1

33:1

References

(Yousuf &

(Zhao, et al.,

(Kathirvale, et

(Talyan, et al.,

(Philippe &

Rahman, 2007)

2009)

al., 2003)

2008)

Culot, 2009)

2.3 Options for Organic Waste Management
Most of the wastes generated from residential areas, some commercial and industrial
areas like restaurants, markets, hotels, animal processing industry and vegetable packaging industry are organic. Households produce large amounts of organic waste consisting
of raw kitchen waste and garden waste. Higher percentage of organic matters is found in
low-income countries ranging from 40-85% compared to high-income countries which
is 20-50 % (Lardinois, 1993). The high content of bio-degradable matter present in the
solid waste, results in high waste density and high moisture content. Feasibility of certain waste treatment options are significantly influenced by these physical characteristics of the waste. Wastes with high water content or inert contents (such as ash and
sand) have low calorific value and are not feasible for incineration. (Zurbrugg, 2003)
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Climatic factors also play significant role in the municipal solid waste management,
especially in those countries which lie in tropical or sub-tropical zones having long wet
rainy seasons causing organic waste to be more of moisture contents. Similarly, countries having high heat and humidity are facing problems in the handling and disposal of
organic wastes as they decompose very quickly (Visvanathan & Tränkler, 2003). However, the large amount of organic waste is mixed with non-organic materials at household levels everywhere, making recovery process more difficult. Hence, waste segregation at the source point is very important for the efficient reuse and recovery of waste
materials (Lardinois, 1993). There are different kinds of options and technologies which
are widely used nowadays in industrialized countries and non-industrialized countries
for the effective management of organic waste, which are discussed below.
2.3.1 Animal Raising
Use of organic waste as a fodder is one of the simplest ways to reuse the organic wastes
generated from domestic households and commercial sectors. Backyard animal raising
is a common practice, which can be seen in the rural and city areas of low and middleincome countries (Lardinois, 1993). Organic household waste is a source of cheap foods
for animals, which is freely available and found abundantly. Especially in low-income
countries, animals like hen, cows, goats, donkeys and pigs are raised on foods coming
from households but rotten foods and vegetables are thrown away. Use of organic waste
as a fodder for animals can increase the nutrient levels and reduce the dependence on
imported feed. (Koc, et al., 1999)
In the outskirts of Philippines’ capital city Manila, inhabitants do backyard pig rearing
as a source of income. As commercially produced fodder is kind of expensive for people for pig rearing, people are often replacing these commercially products with organic
scraps. Organic wastes from restaurants are collected and then distributed to backyard
farmers in half price of the commercial feed. A cost comparison was carried out in Manila city and it shows that farmers are making double profit by feeding pigs on organic
scraps. On the other hand, municipalities of Manila are benefited by this kind of venture
avoiding disposal of the waste in landfills. (The Schumacher Center for Technology &
Development, n.d. & Lardinois, 1993)
Similarly, such kinds of initiatives have been taken in Nairobi, the capital city of Kenya.
Market traders in Nairobi are collecting the organic wastes from the market sectors,
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restaurants and hotels and these wastes are utilized in poultry farming and pig rearing.
As pigs have strong appetites, they can eat almost any kind of food waste materials. All
organic wastes which contain no harmful or poisonous substances are only served. Stale
breads from bakeries are also sold to livestock farmers and animal feed companies.
(Lardinois, 1993)
On the other hand, animal raising from organic food waste often possesses health risks,
too. Human diseases can spread through the organic food waste thus creating unhygienic conditions within residential areas. Foul odours are often generated from animal raising and organic wastes. That’s why animal raising is not so common in industrialized
countries mainly due to hygienic concerns. Similarly, due to rapid industrialization, animal husbandry is commercially practiced in specific locations in high-income countries. (Koc, et al., 1999)
2.3.2 Anaerobic Digestion
Anaerobic digestion is the process in which organic matter is broken down into methane
by microbial activity in the absence of air. This kind of process naturally occurs in landfill sites giving rise to harmful greenhouse gases. Biogas can be produced by digesting
human, animal, vegetable and other food wastes in specially designed digesters. Animal
wastes such as cow dung and pig manure are widely used for biogas production because
they have suitable C/N ratio and are often available in large quantities. During the digestion process of waste, there is production of biogas which can be used as a fuel. Similarly, the waste is reduced to slurry containing high content of nutrients, thus forming
ideal fertiliser. Also, pathogens present in the manure are killed during digestion process making manure environmental friendly. (Omer, 2007; Lardinois, 1993)
In Asian countries, cattle dung and human excreta are mainly used in digesters. Agricultural residues are also used in combination with human or animal manure but problems
might arise due to floating of agricultural residues on the surface of reactor forming
hard layers of scum. Therefore, agricultural residues are often pre-treated by composting them with night soil and lime before digestion. Food wastes decompose more rapidly than papers and they can be also used for anaerobic digestion process. Woody material cannot be used because they contain lignin which is not degraded in anaerobic circumstances. Paper and cardboard also take slower time for digestion. (Lardinois, 1993).
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Anaerobic digestion process is very sensitive to temperature and feedstock (correct C/N
ratio) and they both need to be controlled very carefully so that digestion process can
occur. The factors affecting anaerobic digestion are temperature, moisture, pH, carbon
source, nitrogen and C/N ratio. Temperature has significant effects on the microbial
community, process kinetics, stability and methane yield in anaerobic digestion process.
Lower temperatures during the process results in the decrease of microbial growth and
biogas production while higher temperature also lowers the biogas production due to
release of volatile gases such as ammonia which will halt the methanogenic activities.
Generally, anaerobic digestion is carried out at mesophilic temperatures and 35-37 oC is
considered to be a suitable temperature range for the production of methane. A range of
pH values ideal for methanogenesis is considered to be from 6,5- 7,5 in which maximum biogas can be yielded. (Khalid, et al., 2011 ; Lardinois, 1993)
Similarly, high moisture contents also make the anaerobic digestion more effective.
There is higher rate of methane yield at 60-80% moisture levels followed by the production of strong leachates inside the bioreactors. The amounts of carbon components present in the organic wastes strongly affect the rate of anaerobic digestion. Carbohydrates
are considered the most important organic components of MSW for biogas production.
Nitrogen is also required by microorganisms as a nutrient in anaerobic digestion. Nitrogenous compounds present in organic waste are in the form of proteins which are
converted to ammonium by anaerobic digestion. Nitrogen present in the form of ammonium helps to stabilize the pH value inside the bioreactor where process is taking place.
Balanced C/N ratio is considered to be one of the important factors facilitating anaerobic digestion of organic wastes. The optimal range of C/N ratio for anaerobic degradation of organic wastes is considered to be 20-35. Co-digestion of organic wastes with
fish waste and activated waste sludge is also done to balance the C/N ratio. (Khalid, et
al., 2011 ; Lardinois, 1993)
Basically, it takes time from couple of weeks to a couple of months to occur digestion
process. The residual slurry can be used as soil conditioner and biogas can be used in
different applications such electricity generation, lighting, cooking and fuel for running
vehicles. Produced biogas is generally composed of 48-65% methane, 36-41% carbondioxide, up to 17% nitrogen, 32-169 ppm of hydrogen sulphide and small amount of
other volatile gases. Biogas yield is also affected by various factors such as composition
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of wastes, temperature, microbial composition, moisture, and bioreactor design. The
addition of waste water and activated sludge to fruit and vegetable wastes can enhance
biogas production up to 52 %. According to Chynoweth, et al. (2001), there was a
methane yield of 0,24 m3 per kg volatile solid(VS) added (i.e. about 60 % reduction in
organic matter) from the conventional reactor which was heated to temperature of 35 oC
and operated for 20-30 days with the loading rate of 1,7 kg VS (organic matter as ashfree dry weight) per m3 per day. (Khalid, et al., 2011 ; Zhang, et al., 2011)
Anaerobic co-digestion of animal manure with various organic wastes helps to produce
high amount of biogas and good quality of fertilisers. Reduction of GHG emissions
from manure and organic wastes is one of the important benefits from this process
which cannot be ignored at all. Anaerobic digestion process can be carried out from
small-scale to large scales. There are different types of biogas plants in Europe which
are categorised according to the technology applied, according to the type of digested
substrates or according to their size. (Khalid, et al., 2011)
Agricultural biogas plants are mostly developed in EU-countries such as Germany,
Denmark, Sweden and Austria, which co-digest manure and other suitable organic
wastes having agricultural origin. Commonly, agricultural biogas plants are classified as
the joint co-digestion plants and the farm scale plants. The joint biogas plants co-digest
animal manure collected from different farms with organic wastes generated from
homes, society and industries. These plants are usually big and have digester capacities
ranging from hundreds m3 to several thousand m3. (Holm-Nielsen, et al., 2009)
Similarly, the applied technology in the farm scale plants is same as in the joint biogas
plants but the farm scale plants co-digest animal manure with slurry from one to three
single farms. These plants also apply separation, pre-treatment and post-treatment technologies (Holm-Nielsen, et al., 2009). In developing countries, simple home anaerobic
digestion systems are in practices. Small biogas plants are installed at household levels,
which provide the low-cost energy for cooking and lighting. Food scraps from households, animal and human excreta and vegetable residues are digested for producing biogas. (Gautam, et al., 2009)
The main streams of the integrated concept of centralised co-digestion plant are shown
in the figure 2 below.
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Figure 2 : The main streams of the integrated concept of centralised co-digestion plant. (Holm-Nielsen, et
al., 2009)

A typical model of biogas plant used in Nepal is illustrated in the figure 3 below.

Figure 3: A typical model of fixed dome biogas plant used in Nepal. (Gautam, et al., 2009)
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2.3.3 Briquetting
The problems of waste disposal and fuelwood shortages can be also solved by using
solid waste as source of energy. People living in rural areas of low-income countries are
also dependent on fuels derived from organic wastes such as woody residues for cooking. Briquetting of biomass is considered to be effective and low-cost method for increasing fuel supplies. Briquette is in the form of block which is used as fuel to start and
maintain a fire. Briquettes can be different types such as charcoal briquettes which are
commercially sold for cooking, biomass briquettes and peat briquettes. There are different processes involved in briquetting and they are size reduction, drying, preparation of
feedstock, carbonization and finally compaction. (Lardinois, 1993; Grover & Mishra,
1996)
High calorific value and low ash content of the waste material determine the suitability
of material as a fuel. Agricultural residues such as olive pits, walnut shells, groundnut
shells, coconut shells and maize cobs are considered as more interesting fuels because
they have highest calorific values with low ash contents. Raw materials required for
briquetting should stick together during compression such as wood. If organic matters
are contaminated with clay, produced briquettes will not burn. Raw materials should
have moisture content as low as possible in the range of 10-15 % otherwise more energy
is required for drying and problems also arise during grinding process. Biomass residues
having low ash contents (< 4%) such as coconut shell, olive pits and saw dust except
rice husks having 20 % ash are considered to be suitable for making briquettes.
(Lardinois, 1993; Grover & Mishra, 1996)
Even though the calorific value of most organic household waste is not so high, they
can be still used as fuel when dried and their burning characteristics can be improved by
mixing them with paper. Beehive briquettes are getting popular in countries such as
India and Nepal. The raw materials such as wood, saw mill waste, leaves, twigs, maize
stalk and weeds can be used for making beehive briquettes. Agricultural and forest residues such as woods, twigs and rice husks are burned first to produce char in a controlled
environment and then mixed with clay in the ratio 70:30. At last, they are compacted in
specially designed moulds and briquettes are formed with holes in between. They are
used for space heating and cooking. The calorific value of this kind of briquette is
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around 18-20 MJ/kg and emissions of harmful gas is also quite low compared to wood
and woody biomass. (ICAR, n.d.; APO, 2007 ; Lardinois, 1993 )
2.3.4 Incineration
The quantity and quality (physico-chemical characteristics) of waste determines the
potential of energy recovery from that waste. The physical parameters of the waste
which should be considered before incineration process are size of the waste, density,
moisture content and calorific value (Singh, et al., 2011). Incineration is thermal waste
management process where raw wastes and solid recovered fuels are burnt in an enclosed structure under controlled conditions at higher temperature (more than 800 degree Celsius). The incineration process takes place in the presence of sufficient oxygen
to oxidize feedstock into ash, flue gas and finally heat. (Astrup, et al., 2009)
These flue gases are treated with some of the best available techniques such as flue gas
desulphurization, NOx control and use of electrostatic precipitator before releasing
these gases in the atmosphere. Similarly, generated heat in the incinerator is used to
generate electricity (Fischer, 2013). Large amount of heat is produced when solid
wastes, paper and cardboard are burnt inside incinerators and finally electricity is produced using traditional steam Rankine cycle technology. In most of European countries
including Finland, municipal solid wastes are taken to incineration plant for energy production. (Chandler, et al., 1997)
In Denmark, most of OHW is also taken into incineration plants for energy production.
This technology has been used as an alternative to home composting because waste
ends up in incineration plant via municipal waste stream and residents shouldn’t worry
about managing their OHW (Andersen, et al., 2012). From the above
Table 2 , we can see that Organic household wastes generated in these European countries have less amount of moisture and high amount of calorific value compared to those
generated in non-industrialized countries, thus making them suitable for incineration
process.
Waste incineration is very effective technology for the management of large fractions of
mixed municipal solid wastes. Implementation of this mass fired incineration technologies around the world have been done at centralized levels for the treatment of mixed
municipal solid wastes, thus recovering large amount of energy (Chandler, et al., 1997).
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Different technologies such as grate fired incineration, fluidized bed incineration and
co-combustion technologies are already in practices where different kinds of mixed
MSW, industrial waste, and commercial waste are treated. Grate-fired incinerator furnaces do exist in many sizes and configurations, from a few Mg/h up to about 40Mg/h.
(Astrup, et al., 2009)
Laanila waste incineration plant situated in Oulu city of Finland has a capacity of over
120 000 Mg/yr (Piippo, 2013). According to UNEP (2010), there were 167 MSW incineration units having incineration capacities larger than 91,3 Gg/yr and also about 60
MSW incineration units having average incineration capacities of 44 Gg/yr in the United States by 2010. According to above
Table 2 , MSWs generated in these high income countries such as USA, Denmark and
Finland have low moisture contents and high calorific values ranging from 5-20 % and
6276- 11 297 kJ/kg respectively thus making them suitable for incineration. According
to Strömberg (2006), WtE plants using grate fired incineration technology are compatible with fuels having calorific values more than 5000 kJ/kg and moisture contents ranging from 5-60 % depending on design of the plant. Similarly, a plant using fluidized bed
technology also accepts fuels with high moisture contents ranging from 5-60 % and
calorific values more than 5000 kJ/kg.
2.3.5 Landfilling
Landfills are the area into which wastes are deposited and these areas are separate areas
which avoid contact between waste and surrounding areas, especially ground water.
Landfilling is still considered to be one of the simplest, cheapest methods of disposing
solid waste including biowaste, which is followed by most of low to medium- income
countries. In these developing nations, most of the generated wastes are still disposed
into landfills sites. Most solid wastes are still landfilled in many developed countries,
too (Singh, et al., 2011). Despite the introduction of the landfill directive in 1999, about
40 % of biowaste still ends up in landfills in the European Union countries (Andersen,
et al., 2012).
Basically, there are three categories of landfills which are briefly described below.
Open landfills: Open dumps or open landfills are very common in most of the developing countries. When solid wastes are simply dumped into low-lying areas of open lands,
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they turn into open landfills and become exposed to surround environment, ground water, disease vectors and scavengers. More than 90 % of solid wastes in cities and towns
of India are haphazardly dumped off on land in an unprotected way, thus creating unhygienic situations (leachate formation, contamination of groundwater, bad odour, emissions of GHGs) in the environment. (Singh, et al., 2011; Visvanathan & Tränkler, 2003)
Operated landfills: Operated landfills or semi-controlled landfills are selected sites
where wastes are compacted and covered daily with top soil to prevent any kind of unpleasant odours. All kinds of municipal, industrial, hospital wastes are dumped in these
landfills without segregation. Emissions of landfill gases and discharge of leachate occur in these landfill sites, too. (Singh, et al., 2011; Visvanathan & Tränkler, 2003)
Sanitary landfills: Sanitary landfills are used in the developed countries, which have
facilities for the treatment of leachate formation. There are arrangements for the control
of landfills gases in these sanitary landfills. Waste entering into sanitary landfill sites
are compacted and covered with a layer of soil every day, preventing access to the waste
by insects, and other animals. These landfills are carefully engineered and avoid harmful effects compared to open landfills and operated landfills. (Singh, et al., 2011;
Visvanathan & Tränkler, 2003)
Methane Emissions from landfills
According to Global Methane Initiative ( n.d.), the total estimated global anthropogenic
emissions of methane were 7,0 teragrams of CO2 equivalent in 2010 , of which landfills
accounted 11 % of total emissions. The concentrations of methane in the atmosphere
have been increasing over the past three decades in the range of 1-2 % and it has been
projected that global anthropogenic methane emissions will increase by 15 % by 2020.
Developing countries have been accounted for about 29 % of global GHGs emissions
and this share has been expected to climb upto 64 % by 2030 due to growth in
population and urbanization, increase in the number of landfills without landfill gas
collection systems, and expansion of waste collection services. (Friedrich & Trois, 2011
; Global Methane Initiative , n.d.; Kumar, et al., 2004)
Methane is considered to be one of the most important GHGs because its global
warming potential is equivalent to twenty-five times of that of carbondioxide for 100
years time horizon (ipcc, n.d.). In developing countries, data available on waste
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generation and methane emissions are not consistent, thus leading to large uncertainty in
the estimations. The final amount of GHGs emitted from waste management system is
determined by different factors such as the compostion of waste, the amount of waste
generated, and the technologies used for handling and disposing of waste. Methane
emissions occur in landfills due to anaerobic biodegradation of municipal solid wastes.
(Friedrich & Trois, 2011; Themelis & Ulloa, 2007)
After dumping of solid waste at landfills, organic components start undergoing biochemical reactions. Aerobic bacteria, which are present in the atmospheric air and near
the surface of landfill, first attack the biochemically degradable carbon compounds present in the wastes. These natural organic compounds are oxidized aerobically and converted into carbondioxide, water vapour and heat, thus consuming oxygen. Oxygen
availability declines soon because of the dumping of large amount of wastes and then
anaerobic digestion takes place in landfills and this process happens in three stages. At
first, complex organic matters present in the wastes are hydrolysed into soluble molecules by fermentative bacteria. (Themelis & Ulloa, 2007; Bingemer & Crutzen, 1987)
After that, acid forming bacteria convert these soluble molecules into simple organic
acids ( such as acetic acid, propionic acid and butyric acid ) , ethanol, carbondioxide and
hydrogen. This process is called acetogenesis. Finally, these primary acids are broken
down into methane and carbondioxide by methanogenic bacteria , which is called
methanogenesis process. Similarly, methane is also produced

by reducing

carbondioxide with hydrogen through the help of methanogenic bacteria. The main
components of landfill gases are methane (50-60 % volume), carbondioxide (30-40 %
volume) and other trace amount of numerous chemical compounds (such as nitrogen,
hydrogen sulphide and non-methane organic compounds). (Themelis & Ulloa, 2007;
Mor, et al., 2006)
The chemical reactions of second and third stages of anaerobic digestion are shown
below.
Acetogenesis
C6H12O6
Methanogenesis

2 C2H5OH + 2 CO2
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CH3COOH

CH4 + CO

CO2 + 4H2

CH4 + 2H2O

Several simple and complex models, with different orders of kinetics have been
developed, for the measurement of methane emissions from landfills. Methane
emissions arenot measured directly so often but are routinely calculated. Several models
such as zero-order, first order and second order are popular. The most used first order
models are LandGEM, TNO, GasSim, EPER, Belgium and Scholl Canyon (Friedrich &
Trois, 2011). According to Mor, et al.(2006), the total methane generation potential was
estimated to be around 2,0 Tg/year from Indian landfills considering the methane
generation of 15,00 Gg/yr in 2001 from Gazipur landfill site of Delhi with 14 million
population and 7000 Mg of daily waste. It was estimated that there is generation of
around 32,00 kg of methane from 1 Mg of waste. The estimated annual methane
emissions from the landfill sites of different developing countries are shown in the Table 4 below.
Table 4: Methane Emissions from the landfill sites of developing countries.
Estimated annual
SN

Landfill Site

Location

Area

Study

(hectares)

year

methane Emission
Gg/yr

Reference

Gg CO2Equivalent /yr

1

Sisdol

Nuwakot,

2,0

2008

0,78

19, 5

Nepal
2

3

Kodungaiyur

Chennai,

& Perungudi

India

Tay Mo

Hanoi,

al., 2012)
48,3

2000

0,12

3

Pattaya

Pattaya,

4,9

2005

0,07

1, 75

Thekkawatta

Gohagoda,
Sri Lanka

(Ishigaki, et
al., 2008)

22,4

Thailand
5

(Jha, et al.,
2008)

Vietnam
4

(Devkota, et

2005-

6,25

156

2006
3,5

2008

(Wang-Yao,
et al., 2006)

2,61

65,2

(Menikpua, et
al., 2008)

2.3.6 Composting
The process which involves the breaking down of organic into a humus-like stable
product matters under controlled, aerobic conditions is called composting. Microorgan-
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isms such as bacteria and fungi are responsible for the natural decomposition of organic
matters. Similarly, earthworms and millipedes also help to complete the biological decomposition of organic matters (Epstein, 1997). Composting is probably known as the
most well-known system for the organic waste treatment which is practiced all around
the world, which can be done simply by piling up organic materials, covering and turning the piles regularly until they decompose into a humus-like product. (Lardinois,
1993)
Natural composting occurs all the time in this earth and almost any kind of animal and
plant wastes will decompose if preventive measures are not taken. Organic wastes such
as spoiled food, kitchen waste, fruit and vegetable waste, crop residues, garden residues,
meat and fish scraps, human and animal excreta, coconut trash and sugar cane waste are
considered to be suitable for composting. On the other hand, wastes such as wood,
bone, leather, coconut shells don’t decompose so easily, making them unsuitable for
composting. (Manios, 2004; Epstein, 1997)
Composting has many benefits.This technology is considered to be one of the useful
ways to retain nutrients from the organic wastes. Thus produced, end product can be
used as fertlisers for improving the soil conditons (The Schumacher Center for
Technology & Development, n.d.). Compost is able to improve the texture and structure
of the soil so that soil is able to retain the nutrients, moisture and air in better way for
the improvement of plants. It helps to improve all the soil types including heavy clay
and sandy soils. When compost is mixed with loose sandy soil, it binds the loose
particles of sandy soil together thus increasing the soil’s ability to retain the moisture
and nutrients. On the other hand, compost contains varieties of nutrients such as
nitrogen, pottasium and phosphorous which are needed for the growth of plants. That’s
why compost is widely used as fertilizer for agriculture practices, roof-top farming and
gardening. (University of Illinois, 2014)
Similarly, composting has also become an alternative waste management option for
food processing industries. By-products such as refused fruits, vegetables, plants,
grains, fish and meat generated from food processing industries have been subjected to
composting technology under suitable process conditions for the management of
organic wastes (Schaub & Leonard, 1996). Thus, composting of organic materials
prevents wastes going into landfills and then saves valuable landfill spaces and possible
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contamination of water and land due to leachate formation from landfills. On the other
hand, odor and bioaerosol emissons can occur during composting process which can be
controlled through better facility design and operation management. Large
concentrations of bacteria, fungi and actinomycetes may be dispersed in the air during
the process. Similarly, storage handling and marketing of compost can be challenging.
(Epstein, 1997; Lardinois, 1993)
Composting Process: Decomposition of organic materials can be anaerobic or aerobic.
In anaerobic condition, breakdown of organic materials is caused by bacteria or fungi in
low or no-oxygen conditions. This type of decomposition takes place in closed containers. In aerobic decomposition, bacteria and fungi grow rapidly in the presence of oxygen which is responsible for the breakdown of organic matters. Aerobic decomposition
takes place in open heaps and open containers (Sharma, et al., 1997). Oxygen and moisture are the major factors affecting the decomposition of organic matter by microorganisms. Generally, composting process consists of two phases in which humification of
organic matter takes place. (Lardinois, 1993)
The most easily degradable organic matters break down in the first phase of composting. Carbon compounds such as sugar and organic acids are metabolized and mineralized by micro-organisms and the formation of water and carbondioxide takes place.
Temperature may increase due to high metabolic rate (around 70 °C.) and supply of
adequate oxygen is necessary during this phase. This phase normally lasts between 5
days and 3 months. Similarly, the resistant components such as wood and lignin are
degraded in the second phase which normally lasts several weeks. This process is slower than first phase where larger molecules are attacked by fungi and acid-producing bacteria. The temperature gradually drops to 30 oC- 40 oC in this second phase and humification of organic matters takes place due to metabolic activity of micro-organisms.
(Sharma, et al., 1997; Lardinois, 1993; Epstein, 1997)
The basic concept of composting process is shown in the figure 4 below.
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Figure 4: The Composting process. (Epstein, 1997)

Influencing factors of Composting: The natural process of decay can be speeded up in
the composting process. There are some influencing factors which contribute to the
suitable environment for microbial activity and these factors can be controlled to certain
extent during composting process . These main factors are C/N ratio, moisture content,
characteristics of organic waste material, the aeration of compost pile, temperature and
degree of acidity (pH) of the pile. These factors are srongly interdependent.
Carbon/nitrogen (C/N) ratio is very important in composting process. Carbon is a source
of energy for microorganisms while nitrogen is required for the synthesis of protoplasm.
(The Schumacher Center for Technology & Development, n.d.; Epstein, 1997)
If these two elements C and N are excess, the biological activity slows down and the
process get delayed. Organic materials suitable for composting should have C/N ratio
ranging from 25:1 to 30:1. C/N ratio can be adjusted by mixing organic materials
together with suitable contents (Francou, et al., 2008). Low C/N ratios will slow down
decomposition rate and increase the loss of nitrogen in the form of ammonia. Large
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amount of ammonia present in the compost can be toxic for the plants (The Schumacher
Center for Technology & Development, n.d.). C/N ratio slowly falls as composting
process proceeds and it becomes around 12 in mature compost (Lardinois, 1993).
The growth rate and metabolism activity of microorganisms tend to increase with
increase in temperature during composting process. Adjusting temperature from 50 to
60 oC can provide optimal environment for the activities of microorganisms and
pathogens are killed at this temperature which cause diseases to animals and plants. If
temperaure climbs more than 65oC, there will be stop in the growth of more
microorganisms and rate of decompostion will be halted. High temperature for longer
periods should be avoided for rapid composting. Similarly, oxygen is very important
factor due to which composting is impossible. Limited in the supply of oxygen will
slow down the rate of decompostion. A compost pile should be turned often to ensure
that all parts receive oxygen. (Sharma, et al., 1997; Epstein, 1997; Lardinois, 1993)
Moisture content and aeration are closely interelated. Compost pile will begin to
dehydrate below 40 % moisture content, thus halting the decomposition process.
Similarly, if the moisture content is above 60 % , the pores of organic materials are
clogged and aeration process is interfered. Thus, optimal moisture content should be in
range of 50-60 % for composting process. Finally, pH levels of organic matters also
determine their suitablity for composting. Fungi develop more better in acidic
environment while nearly neutral pH is enough for the bacterial growth. Although the
optimum range of pH level for composting is between 5,5 and 8,0 but the organic
matters having pH levels ranging from 3,0 to 11,00 can be composted, too. (Lardinois,
1993; Sundberg & Jonsson, 2008)
Quality of Compost: Compost is typically used as a soil conditioner for enhancing the
physical, biological and chemical properties of soil because of its organic matter content. The quality of available compost may vary due to distinctive nature of feedstock
and composting processes. Compost quality can be defined as the overall state of compost in terms of its physical, chemical and biological characteristics indicating the final
impact of compost on the environment. Compost quality is determined by number of
characteristics such as pH content, particle size distribution, organic matter and carbon
content, moisture content, nutrient contents such as nitrogen, phosphorous and potassium , composition of heavy metals and toxic elements, water holding capacity and bulk
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density, inert contaminants, pathogens, and the state of maturity or stability. (Lasaridi,
et al., 2006; Darlington, n.d.)
Nowadays, the quality of compost has become an essential benchmark in the recycling
of organic waste into compost as well as in the marketing of compost and its utilization
in the agriculture. Immature and unstable composts may exhibit number of problems
during storage, marketing and applications. These immature composts may have high
amounts of free ammonia, certain organic acids or other water-soluble compounds
which will be responsible for limiting seed germination and plant growth. Unstable
composts also result in the potential regrowth of pathogens and odour nuisances. Many
methods have been proposed and practiced nowadays for determining the stability and
maturity of compost, and some of those methods are carbon: nitrogen ratio, ammoniumN: nitrate ratio, humic substances analysis and cation exchange capacity. (Lasaridi, et
al., 2006; California Compost Quality Council , 2001)
Those composts which have marketing value for agricultural land should be free from
heavy metals such as zinc, cadmium, mercury, lead, copper and nickel. High quality
composts usually have minimum of 50 % dry organic matters. According to Lasaridi, et
al.(2006) , compost products should have minimum of 20 % organic matters to receive
EU eco-label. Similarly, C/N ratio parameter is used to determine for knowing the nitrogen stability of compost. Generally, compost having C: N ratio of 35 or lower is considered to be nitrogen stable. Composts having C/N ratios of maximum 20 are able to
supply significant amounts of nitrogen for the growth of plant as they decompose in the
soil. When C/N ratio of compost reaches below 25:1, that compost is considered to be
mature. According to Hargreaves, et al.(2008), immature composts can cause nitrogen
immobilaztion due to higher values of C:N ratios. (Hasan, et al., 2012; Darlington, n.d.)
Composts used for horticultural applications should be free from inert materials such as
plastics, glasses and metals. Composts with low pH (< 4) should be handled carefully
due to risk of formation of potentially toxic organic acids in the soil. Composts having
pH ranges from 4,0 - 8,5 are considered to be suitable for most of the plants. Even
though nutrient contents of composts are low compared to chemical fertilizer products,
composts can supply significant amount of nutrients to the plants if they are applied in
higher rates. Nitrogen, phosphorous and potassium are the major nutrients required for
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the growth and survival of plants. Composts should contain alteast 1 % N, 0,5% P and
0,5% K while using in agricultural lands. (Hargreaves, et al., 2008; Hasan, et al., 2012)
Matured compost is dark brown or black in colour and has a soil-like or musty odor.
Composts having sour or ammonia odors are considered to be immatured. Ideally,
household composts would contain moisture contents from 40- 60 % depending on the
characteristics of composting materials. According to Darlington (n.d.), compost having
moisture content based on as received weight ranging from 35 - 60 % can be used as
soil conditioners. Composts having high amount of moisture contents are heavy and it
will be difficult to apply them uniformly in the soil. (Darlington, n.d. ; Washington
State University , n.d.)
Methods of Composting: Composting systems can be opened or closed. In open system,
waste materials are arranged in piles or in windrows. But in closed system, container or
tunnels are used and composting occurs in mechanical reactor with forced aeration.
Closed systems are more popular in industrialized countries. Since closed systems are
more complex, has high maintenance cost and need high skilled operators, they are less
popular in non-industrialized countries. Thus, composting in open systems is widely
practiced in developing countries. (Hoornweg, et al., 1999; The Schumacher Center for
Technology & Development, n.d.)
Composting can be done from small scale to large scale. In developing countries,
numerous development has taken place for composting systems in the small scale and
they are pit composting, bin composting (Bangladesh ,Nepal), box composting (India,
SriLanka, Nepal) , cage composting (SriLanka) and Heap method (India). Similarly,
advanced composting technologies such as Autothermal Theromophilic Aerobic
Digestion, Rotatary and Stationary In-vessel composting system and Rapid composting
(Biomax, ERS) have been already developed in industralized countries such as Japan
and USA. Biomax process takes 72 hours for composting followed by some maturation
period. (Mazumdar, et al., 2012)
There are various methods of composting which are briefly described below.
Backyard Composting : Backyard composting which is carried out at household level, is
very simple method which requires organic waste, limited space for pit and some time.
The waste is left to decompose for 2-3 months in a pit having dimensions of 2 m x 2m x
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1 m deep . Household organic wastes can be put in the pit , but pit should be covered
with soil so that rats and other animals are not attracted. (Hoornweg, et al., 1999)
Backyard composting is quite popular in Manila, Phillipines. People are producing
compost from household waste by using knife, chopping board, a plastic container with
a cover, water and a bamboo basket (which holds about 0,75 m3). Biodegradable
kitchen waste are collected, chopped and then placed inside a plastic container with a
lid with an addition of little amount of water. Chopped kitchen wastes are transferred
into and placed loosely within the bamboo basket lined with old newspapers at the end
of each day and then covered with old plastic bags. Basket is covered eveytime when
wastes are added. After 10 days counted from the day when basket is full, the compost
is mixed with shovel and added enough water to keep it moist. Compost can be used
after 14 days of mixing. The resulting compost will be around 40 % of the original
weight of waste. (Lardinois, 1993)
Neighbourhood Composting: The use of windrows is commonly practiced technique for
neighbourhood composting. Wastes are simply laid out in long rows and turned
occasionally. Windrows are turned at regular intervals for aeration (Mazumdar, et al.,
2012). For example: small composting units have been set up on the plots of about 250
m2 in Olinda, Brazil. Refused organic wastes from the neighbourhoods of two areas
Peixinhos and Bonsuccesso are dumped into a shallow, lined pit built in this plot. The
composting process is controlled by taking daily tempeature measurement and the piles
are turned manually a few times in a week. (Lardinois, 1993)
Centralized Composting : In centralized composting, organic materials generated from
houses, commercial sectors and industrial sectors are composted at large, mechanized
composting plant. Operations and maintenace costs are higher for centralized
composting which use higher techology system compared to decentralized composting.
The factors such as less revenue from the sale of compost, higher construction and
operation costs, lack of technical knowledge of operating sophiscated equipments and
lack of government incentives have made large-scale composting plant unsucessful in
developing countries. (Home Guides, 2014; Guerrero, et al., 2013)
According to Ulloa (2008), composting facilities situated in the United states are using
various systems such as windrow, Green Mountain technology in-vessel, aerated static
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pile, gore cover system for composting. The capacities of these composting plants
varies from 3 000 to 92 400 Mg/yr. Their total capacities in 2007 was around 393 500
Mg and taking into account that 12 % of food waste present in total MSW were
processed, the total amount of processed food was 48 800 Mg.
The Accra Composting and Recyling Plant (ACARP), which is situated at 38 km away
from Accra city of Ghana, is the only waste processing facility currently in operation in
Accra since September 2012. The plant is receiving 300 Mg/d of mixed waste . This
plant has two facilities : one for material recovery and another one for composting. A
conveyor transports rejects from materail recovery facility to composting facility.
Organic refuse are subjected to windrow composting for upto 8 weeks. (Annepu &
Themelis, 2013)
Co-composting: Co-composting is a technique in which different waste materials such
as human and animal excreta are mixed with organic foods and then composted. Cocomposting is also practiced as like composting in rural areas of developing countries .
In Java, Indonesia, animal dungs are composted together with vegetable wastes, animal
dung, household garbages and straw. Combining organic waste with faecal sludge helps
to optimize the composting process and final output product because organic waste has
high organic carbon content and good bulking properties while faecal sludge has high
amount of moisture and nitrogen content. (Lardinois, 1993; Dinis, 2010 )
Co-composting can be a solution to treat animal or human excreta in safer way. The
principles of composting and co-composting are all same and co-composting also can
be carried out at household and community levels using the same methods that are
applied for composting. As night soil and waste water sludge are too moist and have
low C/N ratio, they donot compost well on their own. Therefore, co-composting agents
such as straw, organic refuse and rice husks can be mixed with night soil and sludge
inorder to fix the C/N ratio and absorb the excess moisture. (Dinis, 2010; The
Schumacher Center for Technology & Development, n.d.)
A pilot project was launched at Kushita Municipality of Bangladesh in November 2012
for treating faecal sludge and organic waste together. Faecal sludge were colleced from
septic tank or pit latrines of household using mechanical vaccum-tugs. Those collected
liquid sludge were passed into drying bed and thus collected dried sludge was mixed
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with municipal organic waste in the ratios of 1:3. Finally, compost was produced in the
composting plant using aerobic theomorphic composting method. (UN-ESCAP, n.d.)
Vermicomposting: Vermicomposting is a new method in composting which is done
with the help of earthworms. It can be easily practiced at household levels and through
this process; biodegradable waste can be transformed into vermicast or vermicompost
which has better nutritional properties compared to normal compos with higher cost.
There are different kinds of earthworm species such as Eisenia fetida, Peryonix excavates, Lampitto maurittii, Eudrillus euginae, and Lumbricus rubellus which have strong
potential for the stabilization of organic solid waste. Earthworms are able to consume
organic materials equivalent to their body weight in conductive environment and they
convert materials into casting rich in plant nutrients. (Kaviraj & Sharma, 2003; Singh, et
al., 2011)
Vermicomposting can be done in bins of different sizes, pits, cement rings or in heaps.
At first, bin/ pit/ cement ring /surface of heap is lined with banana leaf or gunny bag. A
comfortable bed is made for earthworms by placing a composted cattle manure and
mixture of soil. Then, earthworms are introduced and allowed them to adapt there for 23 days. After that, organic waste materials are gradually added which results in the
growth of earthworms dramatically. Vermicompost is ready in about 2 months if agricultural and food wastes are used. Vermicompost should be removed carefully from the
top in such a way that earthworms have enough time to go deeper and away from light.
(Mazumdar, et al., 2012; Nagavallema, et al., 2004)
If more than 100 kg of waste materials are going to be used per day for
vermicomposting, organic materials should be first pre-composted in windrows or heaps
for 2-3 days before adding introducing to earthworms. Similarly, combination of
aerobic composting and vermicomposting is needed for the larger applications( more
than 50 Mg/d ). The processed vermicompost is odourless, black and light in weight and
can be used for all crops at any stages of their growth. This techniue has been widely
praciced in India nowadays. Nevertheless, the factors influencing vermicomposting are ;
selection of suitable kind earthworms, adequate moisture for earthworm survival,
temperature (ranging from 35- 40 oC), avoidance of direct sunlight, and saving the
earthworms from snakes, birds and ants. (Mazumdar, et al., 2012; Nagavallema, et al.,
2004)
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Figure 5 below, shows the some of the options for organic waste recovery in the form of
flow diagram.

Urban organic / vegetable waste

Anaerobic digestion

Briquetting
Composting / Co-composting /
Vermicomposting
Fuel

Animal feed
Compost

Fuel

Figure 5: Processes and products from organic waste. (The Schumacher Center for Technology &
Development, n.d.)
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3 ABOUT MCDS NEPAL
Model Community Development Society (MCDS) is a non-governmental organization
situated at Kathmandu, Nepal. It was established in July 2012 by group of students and
experts to develop and promote eco-friendly technologies for the overall development
of society. MCDS mainly focuses on environment, natural resources and health sectors
and, aims to mobilize and encourage local community for conservation of nature and
sustainable development of the society through campaigns, trainings and income generating activities. (Aryal, 2013)
The main objectives of MCDS are; to develop and promote eco-friendly technologies,
to empower local communities for adoption of eco-friendly technologies and, to promote activities and organize campaigns aimed at the conservation and management of
natural resources. MCDS has been collaborating with various national and international
governmental organizations, research institutes, universities, private businesses and other stake holders for conducting integrated and inter-disciplinary programs as well as
research in order to solve the problems of waste management and environmental sectors. The sectors in which MCDS will be working are as follows:
i) Water Supply, Sanitation and Hygiene
ii) Waste and Wastewater Management
iii) Natural Resources Management
iv) Sustainable Agriculture and Appropriate Technology , and
v) Climate Change (Mitigation and Adaptation). (Aryal, 2013)
At present, MCDS has been mostly working in the different areas of Kathmandu district. According to Aryal (2013), the on-going projects of MCDS Nepal are as follows:
i) Installation of composting systems for OHW management in KMC ( funded by Solid
Waste Management Technical Support Centre, Government of Nepal )
ii) Training, construction and installations of two low-low cost grey water reuse system
for improved irrigation in Kathmandu, Nepal ( funded by Japan Water fund )
iii) Study on potential use of urine for vegetable farming in the outskirts of KMC , and
iv) Monitoring of microbial water quality of different water supply sources used in the
Kathmandu Valley.
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3.1 MCDS Composting Reactor
From the below Table 7, it can be seen that organic materials are the main components,
which account 65 % of the total generated wastes across 58 municipalities of Nepal including KMC (Mazumdar, et al., 2012). Taking this fact into consideration, MCDS Nepal ventured a small-scale project for the management of organic household wastes generated in the Kathmandu valley through the use of its own designed composting tumblers. This composting reactor so called ‘‘MCDS Composting reactor’’ is equipped with
iron stand and can be rotated with side handles. (Aryal, 2013)
Figure 6 below, shows the installed 100 Litres sized composting reactor in one house
located at Balaju 16, Kathmandu.

Figure 6 : MCDS composting reactor (100 L) installed at Balaju 16, Kathmandu.

According to Aryal (2013), components such as plastic barrels and iron rods were purchased from the local scrapyard and then composting reactors were made in local iron
wielding shop situated at Balaju 16, Kathmandu as according to the MCDS Nepal design requirements. Two different composting reactors having capacities of 100 and 200
litres were designed by MCDS and were manufactured in small-scale depending on the
demands of the product. Design sketches of 100 and 200 litres MCDS composting reactors with their respective iron stands are shown in the figures 7, 8, 9, 10 below.

44

Figure 7: Sketch of 100 Litres Capacity MCDS composting reactor. (MCDS Nepal , 2013)

Figure 8: Size of the iron stand for 100 L capacity MCDS composting reactor. (MCDS Nepal , 2013)

Figure 9: Sketch of 200 Litres Capacity MCDS composting reactor. (MCDS Nepal , 2013)
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Figure 10: Size of the iron stand for 200 L capacity MCDS composting reactor. (MCDS Nepal , 2013)

MCDS household composting reactor is made up of high-density polyethylene (HDPE)
plastic barrel. This reactor has numerous holes on its surface thus facilitating natural
aeration for the natural decomposition of organic wastes inside a reactor. It is fully
sealed so that pest and rodents cannot access the wastes. As reactor has a lid, no foul
odors come from the composting process. Decaying wastes are aerated and mixed very
well when this reactor is spun with the help of side handles. Fresh wastes are also
brought into direct contact with decaying matters with the help of spinning process, thus
making the composting process more efficient. (Aryal, 2013)
According to Aryal (2013), MCDS composting reactor is very easy to operate. Generated household wastes such as raw and cooked food scraps, garden waste, grass clippings,
and egg trays can be composted in this kind of reactor. At first, shredded newspapers or
pieces of egg trays or rice husks are placed inside the reactor before the addition of organic household wastes. The reason for adding these substances inside the reactors is to
maintain C/N ratio for the composting process. Organic wastes are chopped into small
pieces if they are big before adding into the reactor. Household segregation of wastes is
mandatory and very important before carrying out the composting process. Presence of
non-organic matters in the compostable wastes ruin the quality of final product and also
the mechanical separation of non-organic matters from compost is not so easy at household levels.
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After the each addition of organic wastes in the reactor, they should be covered with
saw dust or shredded papers in order to avoid flies. Compostable wastes are kept moist
by adding little amount of water if necessary. During the rainy season, reactor should be
covered with plastic cover to ensure that rain water doesn’t enter inside the reactor. For
aeration, wastes should be turned frequently by rotating the reactor. Similarly, mixtures
should be stirred with the help of pitchfork once in a week. Once the reactor is full with
organic wastes, it is left for 1 month to mature so that compost is ready for use. (Aryal,
2013)
According to Aryal (2013), 12 composting reactors have been commercially sold till
now. The main objective of selling these reactors is to manage the organic waste generation at source and then to convert these organic wastes into useful compost for gardening and roof-top farming. The current market prices of 100 L and 200 L composting
reactors with their respective iron stands are shown in the Table 5 below. The total price
shown below for each composting unit covers all material and labor cost of each unit.
MCDS Nepal is selling these composting bins based on non-profit principle and the
price of each unit could be 10-15 % less in the coming future if their demands are high.
Table 5 : Market prices of MCDS composting components. (Aryal, 2013)
S.N

Component

Price/unit ( NPR)

Price/unit ( USD)

1

100 L Composting Reactor

2500

26

2

Iron stand for 100 L Reactor

1000

10

3

200 L Composting Reactor

3500

36

4

Iron Stand for 200 L Reactor

1500

15,5
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4 OVERVIEW OF SOLID WASTE MANAGEMENT IN NEPAL
Solid-waste management has become a major challenge in many developing countries
including Nepal due to rapid urbanization, improved living standards and change in
consumption patterns. These generated solid wastes can be converted into valuable resources if they are well managed otherwise they turn out to harmful for human health
and environment. Unfortunately, proper management of solid waste has become a growing challenge in Nepal due to less attention paid by unstable Nepalese government to
environmental management sector, lack of strong legislation and enforcement, poor
financial status of government and municipalities, and poor institutional experience.
(Visvanathan & Tränkler, 2003; Pokhrel & Viraraghavan, 2005)
According to APO (2007), 17 % of urban households have their waste collected by
waste collectors while 2 % of low-income housholds with no toilet also have their waste
collected, too. Similarly, 35 % of households with no toilets compost their waste.
Currently, Nepal has 58 municipalities with varying population and the total amount of
municpal waste generated from all these municipalities in 2003 with an urban
population of 3 487 000 was estimated to be about 1369 Mg/d or 0,5 Tg/yr. Based on
different studies, it has beeen estimated that the average waste-generation rate in
municipalities is between 0,25 – 0,5 kg/person/day, depending on the size of
municipality.( Pokhrel & Viraraghavan, 2005; APO, 2007)
As 10 % of national population of Nepal lives in the Kathmandu Valley, the solid waste
management problems in different municipalities of the Kathmandu Valley such as
Kathmandu, Patan, Bhaktapur, Thimi and Kirtipur has become growing concerns and
severe compared to the rest municpalities of Nepal. Similarly, different studies also
show that the average MSW generation rate in the Kathmandu also varies from 0,25 –
0,5 kg/person/day. According to Dangi, et al.( 2011), the average household waste
generation in Kathmandu metropolitan city (KMC) was calculated around 0,5
kg/person/day based on the population of 790 597 during late 2010. Similarly, study
found out that 393 Mg of solid waste were generated per day from households of
Kathmandu city. (Dangi, et al., 2011 ; Pokhrel & Viraraghavan, 2005; APO, 2007)
The composition of MSW in Kathmandu Metropolitan City in 2005 and 2009 is shown
in the Table 6 below.
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Table 6: Composition of municipal solid waste in Kathmandu. (Mazumdar, et al., 2012)
Waste Component

% by weight
2005

2009

Organic Material

69

63

Plastic

9

10

Paper

9

9,5

Glass

3

6

Metal

1

0,5

Textile

3

2

Rubber and Leather

1

1

Construction Materials

2

5

Others

3

3

Total

100

100

Similarly, average composition of household municipal solid waste in Urban Nepal
consisting of 58 municipalities is shown in the Table 7 below.
Table 7: Composition of household municipal solid waste in Urban Nepal. (Mazumdar, et al., 2012)
Waste Component

( % by weight )

Organic Material

65

Plastic

11

Paper

9

Glass

3

Metal

2

Textile

2

Rubber and Leather

1

Others

7

Total

100

As we can see from above Table 7, waste streams generated from the households of 58
municipalities of Nepal contain 65 % of organic matters. The percentage of biodegradable matters present in the household wastes of Nepal is also as high as like in other developing countries. Similarly, due to change in consumption patterns of residents living
in Kathmandu, the percentage of non-biodegradable wastes such as glass, plastic and
metals are also increasing. Household composting had been practiced in Nepal since old
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days and is still practiced in rural areas nowadays. The wastes are composted and used
for agriculture. In Kathmandu valley, houses used to have compost pits which were
emptied in every six months to harvest the compost. But, nowadays, people living in the
Kathmandu valley and other major cities of Nepal have left this traditional practice of
household composting and simply dump their waste haphazardly. (WaterAid, 2008;
APO, 2007)
From Table 6, it can be seen that there is no any significant change in the composition
of MSW of Kathmandu between 2005 and 2009. Organic wastes generated from households, industrial and commercial sectors can be converted or recycled into compost,
energy and animal feed. According to Devkota, et al.(2012), animal raising has been
practiced in some of the municipalities of Nepal such as Putalibazar, Malangawa, Triyoga, and Tikapur. Residents of these municipalities are reusing most of the generated
organic wastes for feeding pigs and cattle. That’s why rate of generation of wastes from
these places are low compared to rest municipalities of Nepal.

4.1 Existing practices for organic waste management in Nepal
4.1.1 Waste-to-Energy
In rural households of Nepal, people do still practice making dung patties which are the
simple type of briquettes. These dung patties are made by compacting cow dung and are
used for cooking. However, solid organic wastes such as food or plant waste are not
used to make briquettes because of their low calorific value, difficulty in handling and
the excessive amount of smoke they generate. Nowadays, beehive briquettes are getting
popular which utilize agricultural and forestry waste. (Shakya & Shakya, 2002; APO,
2007)
Similarly, biogas, produced from anaerobic digestion of organic waste, is widely practiced and has become successful in the rural areas of Nepal. According to Katuwal &
Bohara (2009), Nepal had 174 591 household biogas plants till June 2009 from capacities ranging from 4 m3 to 10 m3. These installed biogas plants are using cow dung, toilet
waste and vegetable waste as main raw materials for the production of biogas. Most of
the biogas plants are installed in the rural areas of Nepal and produced biogas, which
consists of 60 % methane, 30-40 % of CO2 and small amount of other gases, is used for
cooking. On the other hand, by-product digestate, which is rich in nitrogen, potassium
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and phosphorous contents, is widely as organic fertilizer. (Katuwal & Bohara, 2009;
Gautam, et al., 2009)
However, biogas production in Nepal is only carried out at household levels using cattle
dung and human excreta. There has been limited use of kitchen and municipal wastes
for the production of biogas. Even though , there is a huge potential for the production
of biogas at large scale in Nepal due to presence of high amount organic contents in
waste streams , anaerobic digestion process hasnot been practiced till now at centralized
level. (APO, 2007)
4.1.2 Composting
In the context of agricultural country like Nepal where generated wastes contain high
amount of organic matters, composting seems to be effective and simple technology for
the recycling of organic waste. Simple aerobic composting is done in pits, windrows,
vessels or bins in the rural and urban areas of Nepal. The final product is used in different agricultural applications. This aerobic composting takes long process due to lack of
sufficient supply of air. According to the ‘‘Solid Waste Management Act, 2011’’, Nepalese government has given special emphasis on household composting and segregation
at source. People are encouraged to segregate the waste at source and recycle the organic waste streams on their premises. (APO, 2007; Mazumdar, et al., 2012)
In 1986, first central composting plant with a capacity of 18,3 Gg/yr was built with support from German Technical Cooperation Agency (GTZ) at Teku transfer station,
Kathmandu. The wastes were piled up in long windrows and degraded materials were
screened in a mechanical plant. Although, this plant was able to produce 1 Mg of compost per day, it shut down after 4 years of operation due to complaints from the neighbours. In this plant, mixed municipal wastes were composted. Due to presence of glass
pieces in the compost, the product did not become so popular and even free distribution
of the product also did not work. (Anderzén & Blees, n.d. ; Mazumdar, et al., 2012;
Frömelt, 2007)
Recently, several small composting plants have been set up in at the community level in
the Kathmandu Valley. Some plants are also co-composting source segregated
municiapal organic waste with cattle manure, rice husks and leaf-litter. One composting
plant situated at Ward no. 7 of Bhaktapur municipality does windrow composting of
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0,5- 1 megagram per day organic waste. In this plant, turning is done manually and
produced good quality compost has been sold to farmers at the price of 200 NPR/Mg (
2 USD/Mg). There is another community composting plant at Chovar, Kathmandu
which practices ‘box’ composting method. Boxes are made up of split bamboos which
are placed under a shed covered with plastic sheets. Segregated wastes from 3000
families, which are on average 1200 Mg/yr, are brought to this site. Incoming wastes are
mixed with leaf-litters, dried cattle and poultry manure , and rice husks. (Mazumdar, et
al., 2012 ; APO, 2007; Frömelt, 2007)
Similarly, one small composting plant has also been developed in one corner of Central
Zoo, Lalitpur municpality. Food wastes, leaf litters and animal dung are mixed and
stacked inside five bamboo boxes. According to the operator of the plant, one turning is
done after 2 months and compost is ready after 4 months without leachate formation.
The waste generated from Kalimati Vegetable market of Kathmandu has also been
composted nowadays in Kirtipur municipality by two non-governmental organizations
(NGOs) of Nepal. On the other hand, the cities of Kathmandu and Heatauda are
distributing composting bins ranging from 60-100 liters to the people at concessional
rate for promoting household composting. Meanwhile, Kathmandu Metropolitan city
had already distributed 500 composting bins of 100 liter capacities to the people by
2012 at the price of 1500 NPR/bin (15,9 USD/bin). (APO, 2007; Mazumdar, et al.,
2012; Frömelt, 2007)
Home composting using bin is becoming more popular nowadays in the urban areas of
Nepal. People are composting household kitchen and garden wastes with the help of bin
which is shown in the figure 6 below. These bins are fitted with holes for natural
aeration so that composting process occurs quickly without bad odour. Wastes should
be into small sizes before adding them into bins so that degradation happens faster. The
moisture content of the waste should be around 50 % . The moisture amount is balanced
by adding some water if waste is too dry or by adding saw dust or ash if waste is too
moist. Similarly, people are also adding brown material like saw dust to balance the
C/N ratio if waste has lot of green vegetables and leaves. In order to make degradation
process faster, old compost or garden soil or liquid EM ( effective microorganisms ) is
sprinkled over the wastes. Compost is stirred at least once in a week for well aeration.
Finally, compost will be ready after about 2 months which will be dark brown in colour
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with an earthy smell. Normal bin used for composting at households has been shown in
the figure 11 below. (Tuladhar, 2003; Mazumdar, et al., 2012)

Figure 11: Household compost bin used in Nepal. (Mazumdar, et al., 2012)

Vermicomposting: Vermicomposting had already been started in Nepal by importing
earthworm species such as Eisenia foetida from India. The production of high quality
fertilizers had made this vermicomposting technology more popular in the rural and
urban areas of Nepal. Several NGOs of Nepal are encouraging people for household
vermicomposting and KMC is also selling vermicompost kits to people around NPR.
500 (around US$ 5). Currently, there are different vermicomposting plants operating in
Nepal such as Praramva Biotech at Sitapaila (Kathmandu), Birat Biotech Industry at
Biratnagar, Baba Biotech at Chitwan, Nepal Jaibik Vermi Fertilizer at Biratnagar, etc.
Produced vermicompost is sold around 30- 35 NPR/kg (0,30- 0,37 USD/kg). (APO,
2007; Mazumdar, et al., 2012)
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At Praramva Biotech, Sitapaila Plant of Kathmandu, vermicomposting is done with the
vegetable waste brought from Kalimati Vegetable market and with cattle manure. This
plant receives 15 Mg of vegetable waste and 10 Mg of cattle manure in a month. The
total capacity of this plant is about 365 Mg/yr. Vegetable wastes along with cattle
manure are aerobically composted in

windrows

for 2-3

weeks

prior to

vermicomposting. The present intake capacity of this plant is 100 Mg/yr and this plant
bought 110 kg of earthworms at the price of 275 000 NPR (2900 USD). (Mazumdar, et
al., 2012)
Nepal, as being an agricultural country, has a great demand for fertilizers. The present
combined demand for chemical fertilizers such as urea, diammonium phosphate (DAP)
and muriate of potash (MoP) is 785 000 Mg/yr but there is no any chemical fertilizer
factory in Nepal. Nepalese government is also not able to fulfil this supply gap of
chemical fertilizers at the moment. On the other hand, practice of organic farming is
also increasing in Nepal, which involves the large potential demand for compost. That’s
why there is good demand of compost in Nepal for ; fulflling the shortages of chemical
fertilizers and continuing the increasing trend of organic farming. Therefore, people in
Nepal should show more interests in composting for the effective treatment of organic
waste fractions. (Frömelt, 2007; Mazumdar, et al., 2012)
4.1.3 Landfilling
Availability of suitable landfills for the disposal of solid waste generated in Kathmandu
has always become a major problem. In 1984, Gokarna landfill, which is located about
5 km northeast of Kathmandu, was constructed with the help of German project. It was
opened for final disposal of solid waste since 1986. During the operation, Gokarna landfill site received 109,5 Mg/yr from Kathmandu and Lalitpur. All the incoming wastes
were compacted by 50-60 % and were covered everyday with 15-30 cm thick layer of
soil to avoid bad odours and littering. However, this landfill site was closed in 2000 due
to strong public complaints about the poor state of the landfill. (Pokhrel &
Viraraghavan, 2005; Anderzén & Blees, n.d.)
After the closure of Gokarna landfill site, KMC started to dump the solid waste
generated (91,3 Mg/yr) from Kathmandu and Lalitpur municipalities on the banks of
Bagmati River, which flows through the city. 2-3 meters deep and 5-10 meters wide
trenches were dug on the banks of river, then filled with wastes and covered. The site
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was used as a public road after final cover. As the government did not have any options
for landfilling after 2000, solid wastes of the Kathmandu valley were disposed on the
banks of Bagmati River without considering the effects on human health and
surrounding environment. (APO, 2007; Anderzén & Blees, n.d.)
Currently, Sisdol landfill site has been used for the final disposal of Kathmandu’s solid
waste, which started its operation since 5th June 2005. The collected wastes from
Kathmandu and Lalitpur municipalities are taken to Teku Transfer Station first, where
wastes are segregated and then sent to Sisdol landfill site. This landfill site is situated
about 29 km far from the existing Teku Transfer Station in Nuwakot district. This site
covers an area of 15 hectares out of which main landfill site covers an area of 2 hectares
only. Even though this site is considered as sanitary landfill site , its criterias are hardly
fulfilled. Leachate ponds are not supplied with enough aeration due to hectic load
shedding in Nepal. Regular covering of wastes by soil is also not being done. After
2010, this site is receiving about 600 Mg solid wastes from Teku Transfer Station per
day. (Rana, n.d.; Badu, et al., 2012)
According to Devkota, et al.(2012), Landfill Gas Emissions Model (version 3.02 ) was
used for quanitifying methane emissions from Sisdol landfill site of Nepal. 350 Mg of
solid was was dumped in this site daily and the amount of total solid waste dumped till
June 2010 was about 533 551 Mg. 62 % of the total solid waste was considered as total
organic waste to be dumped at landfills and this value was used for the LandGEM. The
total amount of CH4 released to the air from Sisdol landfill site in the year 2008 was 779
Mg. Recently, the government has identified a potential landfill site to dump the
Kathmandu Valley’s waste for 25 years at Banchare Dada in Dhading district. The
proposed site has an area of 85 hectares. Meanwhile, Sisdole landfill site will remain
operational until the proposed Banchare Danda landfill site is ready. (Anderzén &
Blees, n.d.; Badu, et al., 2012; Devkota, et al., 2012)
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5 STUDY AREA AND METHODOLOGY
5.1 Study Area
MCDS Nepal carried out its research work in five different households situated in various locations of Kathmandu (KTM). Even though MCDS Nepal started to install composting reactors since the beginning of august 2013 in different houses, it started its
research work in five different households from the beginning of February 2014 for the
study of organic household waste generation from each house and also the quality of
produced compost. Each five households were assigned with household numbers H1,
H2, H3, H4 and H5 with their family sizes varying from 5 to 10. Each household residents were trained how to use composting reactors with the help from the project members of MCDS Nepal. The information about five different households is shown in Table 8 below. (MCDS Nepal , 2014)
Table 8: Information about study areas of the project. (MCDS Nepal , 2014)
Household

Location of

Family

Size of used

Start date

End date

Total

number

household

Size

Reactor

H1

Goldhunga VDC 3, KTM

10

200 L

03.02.2014

26.05.2014

113

H2

Balaju 16, KTM

6

100 L

12.02.2014

15.05.2014

92

H3

Balaju 16, KTM

7

100 L

12.02.2014

01.05.2014

80

H4

Gaurighat, KTM

7

100 L

15.02.2014

10.05.2014

85

H5

Goldhunga VDC 3, KTM

5

100 L

03.02.2014

22.05.2014

109

days

Similarly, the locations of five different households is shown in the below figure 12
using Google earth.

Figure 12: Household locations in Google Map.
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5.2 Field studies and visits
Composting reactors, installed at two different households of Balaju 16, Kathmandu,
were observed by the author of this thesis during the first week of November 2013.
Some photos of installed reactors were taken and useful information was also collected
from the demo for operating composting reactor shown by Mr. Arjun Aryal. According
to MCDS Nepal (2014), field trips were carried out on the five different study areas by
the project members of MCDS Nepal in order to gain information for the study from the
period between February and May 2014. Household members were requested to cut the
big pieces of organic materials into the size of thumb before putting inside the reactors.
During the field visits, family members were instructed by project members to rotate the
bin twice in a week even after the bin is full. It was observed that wastes such as cooked
rice, cooked vegetables, cabbage leaves, cauliflower leaves, potatoes and carrot peelings, and rotten fruits were put inside the bins. Household members were instructed to
cut the large pieces of wastes into small sizes i.e. thumb size and to put these organic
wastes uniformly inside the bins with the help of fork. After each addition of organic
wastes, household residents were advised to cover the wastes with dry leaves or dry
grass clippings to prevent access by flies and odour problem.
As the moisture contents of Nepalese household wastes are too high, residents were
suggested not to add water inside the bins until and unless the wastes are too dry. They
were also recommended to check the dryness of decomposing wastes once in a week by
squeezing wastes with their hands. Household residents were updated with the possibility of leachate generation during composting process and recommended to put 5 L
bucket under a composting reactor for leachate collection. It took total of 113, 92, 80,
85 and 109 days for the bins installed at five different households H1, H2, H3, H4 and
H5 respectively to become full. After the bins were full, they were left for 30 days in
order to mature. During the mean time of maturation, it was noticed that organic wastes
were stored inside cartons or wooden boxes and later those stored wastes were transferred into composting bins after composts were taken out.
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5.3 Household Survey
MCDS Nepal designed questionnaires in collaboration with the author of this thesis and
did a survey by door to door visit in 51 households located at the Kathmandu valley
during the first week of February 2014. The main purposes of household survey were to
collect information about residents’ attitudes towards waste, their waste management
behaviours (waste separation and disposal), existing household waste management practices and amount of money paid for collection services. Household survey did include
five studied houses using MCDS composting reactors in which details about residents’
perception towards composting reactor in terms of its feasibility and price had been collected. The questionnaires and answers responded from five studied households had
been illustrated in appendices I, II, III, IV, V and VI below.

5.4 Literature survey and interviews
Literature review was done in order to prepare this master’s thesis. Journals, articles,
books, reports and documents related to the issues such as global scenario of solid waste
management, existing technologies for organic waste management in other countries
including Nepal, and methane emissions from landfills, were collected from the library
of Lappeenranta University of Technology using internet. Similarly, Mr. Arjun Aryal,
who is a project manager of MCDS Nepal, helped the author of this thesis to provide
some reports via online related to Nepal’s existing composting technology as well as
data and pictures for carrying out this research work.
Similarly, the author of this thesis had an informal interview with Mr. Arjun Aryal at
Kathmandu on November 1, 2013. Based on that interview, details of MCDS Nepal and
its designed composting reactor were reviewed. Later, Skype and Facebook were used
as online means for further communication after December 2013.

5.5 Calculation of organic household waste generation
According to MCDS Nepal (2014), each household measured the weight of organic
wastes with the help of spring balance before putting them inside the composting
reactor. The average organic waste generation of each household per day was calculated
by dividing the total organic waste produced with the total counted numbers of days for
making a composting reactor full. Then, the average per capita per day organic waste
generation of each household will be calculated by dividing the average organic waste
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generation of each household per day with the average number of family size. After
that, overall average per capita per day organic waste generation for five households
will be calculated by dividing the total sum of average per capita per day organic waste
generation of five households with the total number of households (i.e. 5). Then, this
value will be considered as an overall per capita per day organic waste generation of the
Kathmandu Valley and will be used for finding out the total amount of organic wastes
generated in the Kathmandu Valley.
On the other hand, the sample of five households doesnot exactly tell about the average
size of households in the Kathmandu Valley. Therefore, the overall average per
household per day organic waste generation for the Kathmandu Valley will be found out
by dividing the total product of overall average per capita per day organic waste
generation of five households and the total population of the Kathmandu Valley with
the total number of households situated in the Kathmandu Valley.

5.6 Calculation of methane emissions
The default method, which is the simplest method for the estimation of methane emissions from landfills, has been reviewed in this research work. This method is based on
mass balance approach and was developed by Bingemer and Crutzen. As this method is
based on lot of assumptions, it may not provide realistic estimation. It has been assumed
that there is release of all potential methane in the year the waste is disposed of. However, Intergovernmental Panel on Climate Change (IPCC) has claimed that this method
provide reasonable annual estimate of methane emissions from landfills. This method
has been widely used in those situations where detailed data are not available. (Kumar,
et al., 2004 & Jensen & Pipatti, n.d.)
The default method is based on the given Equation 1 below.
(

)

Where:
1 Gg/yr: 1000 Mg/yr
MSWT : total MSW generated (Gg/yr)
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MSWF : fraction of MSW disposed of at the disposal site
MCF: Methane Correction factor (fraction). According to IPCC, 0,4 has been used as a
default value for the calculation of methane emissions from the landfills of developing
countries
DOC: Degradable Organic Carbon (fraction). 0,19 has been used as IPCC default value
for computation
DOCF : It is the faction of DOC converted to landfill gases.0,77 has been adapted as a
default value
F: Fraction of methane in landfill gas (IPCC default value is 0,5)
16/12 : Conversion of C to CH4
R: Recovered methane (Gg/yr). Recovery of landfill gas is not adopted in Nepal , hence
the value is set to 0
OX: Oxidation factor and the IPCC default value is 0 (Kumar, et al., 2004; Jensen &
Pipatti, n.d. & Weitz, et al., n.d.)

5.7 Laboratory analysis of produced compost
According to MCDS Nepal (2014), the composting reactor was just turned twice after it
was full. The amounts of composts produced from five different reactors installed at
different five houses are shown below in the Table 12. After the bins were full, they
were left for 30 days inside the reactors and then, one sample from each five different
reactors were taken for laboratary analysis. The total of five compost samples produced
five different households were analyzed at National public health laboratary, which is
situated at Pulchowk, Lalitpur district of Nepal. Lab analysis of produced composts
were done for finding out their quality. Physical and chemical parameters such as moisture content, organic matter content, N, P, K and pH values of produced composts were
analysed at laboratory using different methods.
According to MCDS Nepal (2014), total nitrogen (N %) was determined at laboratory
using Kjeldahl Nitrogen method. In this method, compost sample was mixed with
concentrated sulphuric acid and the mixture was heated to high temperature for 2 hours
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resulting in the decomposition of organic compounds and release of N as ammonium.
Resulting ammonium-N concentration was measured using ammonium-N method.
Then, phosphorus (P) content in the compost as P2O5 (%) was measured by using colorimetric determination of phosphorous. Similarly, potassium (K) content in the compost
as K2O (%) was determined by using flame photometry. After that, pH of the compost
was measured by using pH-meter. At last, moisture content was determined through the
weight loss at 105 oC on oven drying and organic matter was measured by using
Walkley-Black method followed by titration. (MCDS Nepal , 2014 ; California
Compost Quality Council , 2001)
Lab test results of produced compost from five different households using composting
reactors are shown in the Table 13 below. Later, these results will be compared with the
compost quality standards of Nepal for finding out the quality of these produced
composts.
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6 FINDINGS AND INTERPRETATIONS OF THE STUDY
6.1 Organic waste generation in the Kathmandu Valley
According to the data provided by MCDS Nepal, the average organic waste generated in
five different houses ranges from 1, 1 to 2, 2 kg/day with family sizes varying from 5 to
10. Baseline information of studied households provided by MCDS Nepal has been illustrated in the table 9 below. Similarly, overall average organic waste generation
(kg/person/day) in the Kathmandu Valley has been calculated in Table 10 according to
the procedures mentioned in the above methodology section by taking the values of
Table 9 as main inputs.
Table 9: Baseline information of studied households. (MCDS Nepal , 2014)
Household

Family

Average

Size of

Total

Total

Average

number

Size

family

Reactor

days

organic waste in each

organic waste

size

(L)

compost bin (kg)

(kg/day)

H1

10

9

200

113

250

2,2

H2

6

5

100

92

120

1,3

H3

7

7

100

80

120

1,5

H4

7

6

100

85

120

1,4

H5

5

5

100

109

120

1,1

Table 10: Overall average organic waste generation (kg/person/day) in the Kathmandu Valley.
Household

Family

Average

Average per

Average per

Overall

Overall

number

Size

family

household per

capita per

average

average

size

day

day organic

organic waste

organic waste

Organic

waste

generation

generation

waste

generation

(kg/person/day)

(kg/household/day)

0,23

0,34

generation

H1

10

9

2,2

0,24

H2

6

5

1,3

0,26

H3

7

7

1,5

0,21

H4

7

6

1,4

0,23

H5

5

5

1,1

0,22

1,5

0,23

Average
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From above Table 9 , we can see that the capacities of 100 and 200 L composting reactors are 120 and 250 kg respectively. A bin installed at household H1 with size of 200 L
took total of 113 days to become full with organic wastes and it received an average of
2,2 kg of organic wastes per day. Similarly, household H5 having family size of 5 is
using composting reactor of 100 L and it took total of 109 days to become bin full. It
received 1,1 kg organic waste per day.
From the above Table 10, it has been found out that the average organic waste generated
from five households is 1,5 kg/household/day and average organic waste generation
from these five households is 0,23 kg/person/day. According to Central Bureau of
Statistics (2011), the population of the Kathmandu Valley is around 2,5 million and the
number of households is around 1,7 million. So, overall average per household per day
organic waste generation in the Kathmandu valley has been calculated by dividing the
total product of 0,23 kg/person/day and 2,5 million population with 1,7 million
households and the value is 0,34 kg/household/day.
Here, 0,23 kg/person/day will be used as a measure for overall average per capita per
day organic waste generation in the Kathmandu Valley. According to Mazumdar, et
al.(2012), generated solid wastes in the Kathmandu Valley consist of around 65 % of
organic matters. Assuming ‘AWGRKV’ as an average waste generation rate in the
Kathmandu Valley, we can establish a following calculation.
65 % of AWGRKV = 0,23 kg/person/day , or AWGRKV = 0,35 kg/person/day
The average solid waste generation rate in the Kathmandu Valley can be found out as
0,35 kg/person/day which lies in the range between 0,25 – 0,5 kg/person/day as
mentioned by Dangi, et al. (2011) and Pokhrel & Viraraghavan (2005). With the
average rate of 0,35 kg/person/day and 2,5 million people, the current amount of
generated household wastes in the Kathmandu Valley is around 875 Mg/day . So, the
total amount of household solid wastes will be around 319 Gg in a year 2014. Similarly,
the amount of generated organic household wastes is around 575 Mg/day and 210
Gg/year.
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6.2 Evaluation of methane gas reduction
According to Badu, et al. (2012), about 600 Mg/d i.e. 219 Gg/yr of municipal solid
wastes generated from the Kathmandu Valley are dumped into Sisdol landfill site. The
amount of annual methane emissions from this landfill site can be estimated by using
default method which had already been described in the methodology section above.
The default method is based on the given Equation 1 above.
Now, we have the following inputs.
MSWT = 219 Gg/yr ; MSWF = 0,65 (Mazumdar, et al., 2012) ; MCF = 0,4 ; DOC = 0,19
; DOCF = 0,77 ; F = 0,5 ; R= 0 ; and OX = 0 .
Putting these input values in the above given The default method is based on the given
Equation 1, we get:
(

)

And, Methane emissions = 5,6 Gg/yr
Hence, the estimated annual methane emissions from Sisdol landfill site in the year
2014 is 5,6 Gg which is equivalent to 140 Gg of carbondioxide. The annual emissions
of methane from Sisdol landfill site had increased in the significant amount since 2008
due to disposal of large quantities of organic wastes resulted from Kathmandu’s booming population. As we can see that, 142,4 Gg organic wastes (which is 65 % of total
generated municipal solid waste 219 Gg) are responsible for releasing 5,6 Gg of methane per year in the atmosphere of the Kathmandu Valley. As 142,4 Gg of organic
wastes emit 5,6 Gg/yr of Methane, 1 Mg of organic wastes can be estimated to produce
around 39 kg of methane in a year.
The total average amount of generated organic household wastes in a year from five
studied households has been shown in the Table 11 below. As we can see from below
Table 11, the total annual average amount of organic household wastes from five houses
is 2,74 Mg. These 2,74 Mg organic wastes will release around 107 kg of methane which
is equivalent to 2,7 Mg of carbondioxide in a year if they are dumped into landfills. As
negligible amount of methane emissions occur in aerobic composting, around 107 kg of
methane emissions can be reduced by composting 2,74 Mg of organic wastes in a year.
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Installation of composting reactors in these five households had prevented 2,74 Mg of
organic wastes going into landfills in a year.
Table 11: Annual amount organic household wastes from five households.
Household Number

Average Organic waste

Average Organic waste

(kg/day/household )

(kg/year/household )

H1

2,2

803

H2

1,3

474,5

H3

1,5

547,5

H4

1,4

511

H5

1,1

401,5

Total (Mg)

6.3 Evaluation of c

p

2,74

’ qu

d quality

The outside temperature during the composting period at day time varied from 18-24 oC
while it was found to be 1-5 oC during the evening and night time. After the bins were
full, they were left for the maturation period of 30 days. Then, final products were
drained out from the bins with the help of fork and total of five samples from five
households were taken for laboratory analysis.
Table 12: Amount of produced compost from five different households. (MCDS Nepal , 2014)
Household

Size of

Total

Total organic

Maturation

Final compost

number

Reactor

days

waste in each

period (days)

weight (kg)

(L)

compost bin (kg)

H1

200

113

250

30

43

H2

100

92

120

30

28

H3

100

80

120

30

23

H4

100

85

120

30

26

H5

100

109

120

30

27

From above Table 12, we can see that 43 kg of composts was produced in 200 L reactor
from 250 kg of organic wastes. There has been weight loss by 83 % in this reactor. Similarly, there has been also high amount of weight losses in other four reactors utilizing
120 kg of organic wastes by 77- 80 %. The high amount of weight loss during the composting process is caused by the loss of volatile organic compounds (aromatic hydro-
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carbons, chlorinated compounds and organic acids) and moisture. Raw wastes used for
composting consisted of high amount of moistures and they were drained out in the
form of leachate during the process, thus resulting in the huge loss of mass. Reactors
were supplied with enough amount of oxygen and thus increased aeration had caused
also caused mass loss by decomposing more amounts of volatile organic compounds.
Laboratory results of compost produced from five different households including existing compost standards for Nepal and standard specifications for compost in India have
been shown in the Table 13 below. The physical and chemical parameters of produced
compost from composting reactors have been compared with Nepal’s existing organic
compost standards for registration in the ministry of agriculture and also with India’s
compost standards for compost quality assessment.
Table 13: Laboratory results of produced compost with existing standard specifications for compost in
Nepal and India. (MCDS Nepal , 2014 ; Mazumdar, et al., 2012)
Parameters
Sample

pH

Total - N

P (dry

K (dry

Organic

Moisture

number

Value

(dry

weight

weight

Matter

content

weight

basis

basis

(dry

(dry

basis %)

P2O5%)

K2O%)

weight

weight

basis %)

basis %)

Colour

Odour

H1

7,2

1,4

0,6

2,1

17

55

H2

7,4

1,6

0,7

3,1

22

62

Dark

No

H3

7,6

1,3

0,6

1,1

15

64

brown

Odour

H4

6,9

1,5

0,7

2,3

17

53

H5

7,1

1,4

0,7

2,0

19

57

Country
Nepal

Existing standard specifications for compost ( dry weight basis )
6,5 - 7,5

≥ 1,5

≥ 0,5

≥ 1,5

-

20-30

Dark

No

brown

odour,
humic
smell

India

6,5-7,5

≥ 0,8

≥ 0,4

≥ 0,4

-

15-25

Dark

Absence

brown

of foul

/ black

odour

Produced compost was odourless and dark brown in colour, which are in the line with
organic compost standards for Nepal and India. From the above Table 13 , we can see
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that pH of five tested samples ranged from 6,9 to 7,6. Sample H3 had pH value of 7,6
which was slightly high but negligible, while pH values of rest four compost samples
satisfied the standard 6,5 - 7,5 set by both Nepal and India , thus making these composts
suitable for plants. The organic matter contents in five samples varied from 15- 22 %
but high quality compost has minimum of 50 % dry organic matter, thus making these
composts less high quality (Darlington, n.d.). Most of organic matters had been converted into carbon dioxide and water during composting process, thus resulting in the
low amount of organic matters in the compost samples. However, compost containing
minimum of 20 % organic matters, can receive EU eco-label according to Lasaridi, et
al. (2006) and can be used.
All composts contained high amounts of moisture based on dry weight ranging from 53
- 64 % compared to the standards set by Nepal (20-30 %) and India (15-25 %). The high
moisture amount of the produced composts indicates that nepalese food and vegetable
wastes have high wet characteristics and no additional dry materials like saw dust and
rice husks were added during composting. According to Darlington (n.d), compost
having moisture content based on wet weight between 35- 60 % can be used as soil
conditioners. So, moisture contents of five compost samples based on wet weight range
from 35 – 39 % , which lies on the range but the values are low.
From Table 13, it can be seen that the total nitrogen contents of three compost samples
were slightly less than 1,5 % while values two samples were above the limits set by
Nepal’s standards. On the other hand, five samples of compost produced from Nepalese
households contained more than 0,8 % of total nitrogen fulfilling India’s compost specifications. Similarly, the amounts of phosphorous present in all compost samples ranged
from 0,6 – 0,7 % and are above the limits set by both Nepal (≥ 0,5) and India (≥ 0,4).
Also, four samples contained more than 1,5 % of potassium but potassium content of
one sample was 1,1 which was less by 0,4 compared to the Nepalese standard. However, all five samples contained more than 0,8 % of potassium fulfilling the compost criteria set by India.
Nitrogen, phosphorous and potassium are the most important nutrients required for the
fertility of land and plant growth. Composts which are going to be used in agricultural
lands should have sufficient amount of these nutrients. As we can see that composts,
produced from organic household wastes of the Kathmandu valley using composting
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bins, contained high amount of moisture and low amount of organic matters but they
contained sufficient amount of nutrients such as nitrogen, potassium and phosphorous
according to the Nepal’s compost standards.
From above Table 13, it can be found out that produced composts from five different
composting reactors contain an average of 1,44 % N, 0,66 % P and 2,12 % K i.e. 1 kg of
compost contains 42 g of nutrients (N, P and K). Even though, these produced composts
are not of high-quality, they are odourless and contain high amount of nutrients required
for plant growth. That’s why they have been used for agricultural purposes like gardening and roof-top farming by household residents of the Kathmandu Valley.
On the other hand, some parameters such C/N ratio, heavy metal contents, microbiological requirements (faecal coliform, salmonella and pathogen) and soluble salt concentration required for determining the quality and maturity of composts are missing in this
research. Due to lack of these important parameters, it’s hard to figure out whether these
produced composts are good quality or not. However, compost’s quality can be improved through different means such as by chipping and shredding of organic wastes
before adding into a reactor, by adding dry carbon source materials to maintain C/N
ratio and by adding saw dust and rice husks to adjust the moisture level.

6.4 The household survey result
According to MCDS Nepal (2014), surveyed households were two types ; one with
domestic animals and another one without domestic animals. Among 51 households, 34
households are without domestic animals while 17 households are having domestic
animals such as cow and goat. Households with domestic animals have been
segregating organic wastes from non-organic and are feeding organic wastes such as
cooked foods except meat and diary products, fruit peelings, vegetable wastes, and grass
clippings to their domestic animals. They are mixing some portions of organic wastes
produced during the preparation of cooked foods with cow dung waste and practicing
traditional pile method of composting. These 17 households lie in the outskirts of KMC
and don’t have an access to waste collection services. Some portions of non-degradable
wastes such as plastic and textiles are burnt in their household yards while remaining
portions are dumped onto banks of rivers and streets. Recyclable wastes such glass
bottles and metals are sold to local recycling companies at small amount of money.
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Regarding 34 households without domestic animals, 29 households are not segregating
wastes while 5 houses are practicing waste segregation. Among 29 houses, 20
households are mixing the wastes, put them into plastic bags and then throw onto
nearby rivers. Even though 15 households have access to waste collection services,
residents are not ready to pay for the collection services. Even though they are updated
with the harmful effects of waste disposal in the public areas, they are not ready to
practice waste management at their homes. Haphazard disposal of waste has become an
easy way for them to save money and time. Only 9 households are giving their mixed
wastes to waste collectors and paying for the services. Those 5 households which are
practicing waste segregation have composting reactors supplied by MCDS Nepal.
These five households are separating organic kitchen household wastes from nonorganic, collect them on plastic bags or plastic buckets. As they are aware about the
value of wastes, they are practicing household composting by using roatating
composting bins. Among five houses, two houses don’t have an access to waste
collection service while three houses do have. According to the household owners of
these three houses, local NGOs are collecting household wastes 2-3 times in a week at
the cost of 300-360 NPR/month (3- 3,7 USD/month). They are not satisfied about the
waste collection service fee and would be happy if the price goes down to 200
NPR/month (2 USD/month). They are giving non-organic wastes such as textiles,
metals, and plastic items generated from their houses to waste collectors.
Household residents are satisfied with the installation cost of MCDS composting bins
i.e. 26 USD for 100 L and 36 USD for 200 L but complained about bad odour and
leakage of leachate from the composting bins. They think composting bins are quite
handy to use and are using end product-composts as fertilizers for roof-top farming as
well as for growing plants, vegetables and flowers in the backyards. They are fully
aware of the fact that composting of organic wastes will help to maintain the clean
environment and increase the productivity of soils, thus increasing the value of organic
wastes. After the implementation of composting bins at their houses, residents’ attitudes
towards composting reactors have become more positive.
The main benefit that a composting reactor has in every household can be illustrated
through the figure 13 below.
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Figure 13: Main benefit of a composting reactor

According to the household residents who are using composting reactors, composting at
household level using bins help to recycle organic wastes such as food, vegetables and
plants into soil-conditioners and these soil conditioners are used for roof-top farming at
their homes for producing vegetables like tomatoes, cucumbers and flowers. Later, unused vegetables and flowers produced at their homes can be recycled into compost by
means of composting reactor.
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7 CONCLUSIONS AND RECOMMENDATIONS
Over the last decade, the total waste generation rate in the Kathmandu Valley has increased tremendously as a result of booming population and high rapid rate of urbanization. The proper management of municipal solid waste generated in the Kathmandu
Valley has been highly neglected due to political instability, lack of organization and
financial resources, and system complexity. Strong public opposition due to ‘not in my
backyard’ syndrome have even made more difficult for Nepali government to construct
new landfill sites for the disposal of wastes generated from the Kathmandu Valley. Due
to lack of proper landfill sites, wastes are haphazardly disposed in the public places,
abandoned fields, and on the banks of rivers thus creating environmental and health
problems. The options applied for the effective management of generated organic
wastes haven’t been carried out adequately.
Around 65 % of total generated wastes from different municipalities of Nepal are organic in nature, and composting can be used as one of the effective and sustainable methods
to manage the solid wastes of Nepal. Decentralized management of organic household
wastes through composting process plays a key role in reducing the significant amount
of organic wastes going to landfills. Household composting of the organic wastes generated from the houses of the Kathmandu Valley using rotating bins have been discussed here. MCDS Nepal carried out this small-scale project in five houses by installing composting reactors of 100 L and 200 L in order to find out the organic waste
generation rate and to study the quality of produced compost.
From the study, it has been found out that 0,23 kg of organic waste is produced by one
person per day in the Kathmandu Valley. The total amount of organic household wastes
generated in the Kathmandu Valley is around 210 Gg/yr and 8 Gg of methane will be
released into the atmosphere of the Kathmandu Valley by dumping 210 Gg of organic
wastes into the landfill sites in a year. Composting reactors installed at five households
had prevented 2,74 Mg of organic wastes ending up in the landfills, thus reducing 107
kg of methane emissions which is equivalent to 2,7 Mg of carbondioxide.
Installation of composting bins in every households of the Kathmandu valley will prevent massive amount of organic wastes going into landfills and then high amount of
methane emissions will be reduced. On the other hand, organic wastes are recycled into
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composts which can be used as organic fertilizers. The total nutrients such as N, P and
K, required for the fertility of land and plant growth, are significantly present in these
composts thus making these composts suitable for different applications such as rooftop farming, organic farming, and gardening. The average total amount of nutrients (N,
P and K) present in 1 kg of compost produced from composting reactor is 42 grams.
Chemical fertilizers can be replaced by these home produced composts so that money
can be saved.
According to the study, 200 L composting reactor can convert 250 kg of organic wastes
into 43 kg of composts within 4,7 months while 100 L composting reactor has a capacity to convert 120 kg of organic wastes into average 26 kg of composts within 4 months.
There is a huge loss of mass during composting process due to loss of moisture and volatile organic compounds. 200 L composting reactor is viable for a household having
family sizes 7-10 while 100 L composting reactor is suitable for a household having
family sizes up to 7. Produced composts from the bins can be used for agricultural purposes such as roof-top farming and gardening because the physical and chemical parameters of compost except moisture content fulfil the criteria specified by Nepalese
compost standards. Moisture contents of compost are too high because wet food and
vegetable wastes had been used during composting but the amount of moisture content
can be controlled by adding dry material such as saw dust and ash into the composting
bin.
Practices of waste segregation are totally absence in the urban households of the Kathmandu Valley. Fewer houses are giving their mixed wastes to the waste collectors while
majority of households are mixing the household wastes and throw them in the rivers or
dumped them on the public places. On the other hand, those households which have
domestic animals are practicing waste segregation. Domestic animals are fed with organic food and vegetable leftovers. Remaining organic wastes are mixed with animal
wastes to produce compost. Urban households without domestic animals can convert
organic wastes into valuable product through household composting. Household composting bins seem to be very suitable for recycling the organic wastes generated from
the urban households. Users of MCDS composting reactors are happy with the price and
they find those reactors easy to use also. They are using produced composts for roof-top
farming and for growing vegetables and flowers in the backyards.

72

Home composting using bins have numerous advantages. Kitchen and garden wastes
can be recycled into environmental friendly soil conditioner for garden. Organic wastes
are responsible for emitting methane and for contaminating groundwater if they are
dumped into landfills. So, household composting will cut the most of organic wastes
except meat and dairy products, woods and bones going into the landfill sites. As we
know that, waste segregation is the first essential step required before carrying out composting and this household waste segregation procedure will make the waste collectors’
tasks easier. As large portions of organic wastes are going to be recycled at home, numbers of vehicles required for the transportation of solid wastes will be less resulting in
the low emissions of greenhouse gases from the vehicles. Similarly, people are able to
save the money because they can have free soil conditioners at their home. Household
composting is one of the best methods to keep the environment clean and to produce
sustainable compost.
On the other hand, household composting using bins have numerous challenges, too.
Waste segregation should be carried out carefully before putting organic wastes inside
the bins. Presence of any non-biodegradable, inert materials, woods and bones will ruin
the quality of compost and mechanical separation will be difficult at the end. Composting process may become lengthy due to less supply of oxygen and in order to make sure
that organic wastes are well aerated, household residents should rotate the bins at least
twice in a week. Monitoring should be done time- to- time in order to ensure that bins
are safe from flies and rodents.
Odour nuisance and leakage of leachates from the bins are the common problems faced
from the bin composting. High moisture content, lack of enough oxygen supply and
high content of nitrogen inside the bins will led to odour problems which can be controlled or reduced by supplying enough oxygen through the rotation of bins and by adding dry materials like saw dust, rice husks and shredded papers. It would be wise idea to
install the composting bins on the backyard of house, garden or open place. Less leachate will be formed if aeration is good enough inside the bins. Leachates should be prevented to access groundwater and can be collected to small containers with the help of
PVC pipe. Collected leachates can be also used as fertilizers or mixed with mature
compost as they contain lots of nitrogen.
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Holes located on the surface of bins are clogged by wet fractions of organic wastes and
those holes should be opened frequently so that decomposing wastes inside the bins will
be well-aerated. During the rainy season, water will go inside the bins through holes,
thus increasing the moisture content of organic wastes. Therefore, bins should be covered during the rainy time otherwise decomposition process will be halted due to presence of high amount of moisture. All household members should be aware of these facts
and carry the tasks accordingly. Also, finding the market for surplus composts can be
challenging for household residents, too.
The amount of national budget allocated by Nepalese government for environmental
management sectors is very low compared to other sectors. That’s why involvement of
private sectors in waste management is required for the sustainable management of solid
wastes in Nepal. According to ‘‘Solid Waste Management Act 2011’’ enforced by Nepalese government, people are encouraged to segregate the waste at source and recycle
the organic wastes within their premises. But household residents are still mixing the
wastes and throw them in public places and on riverbanks. Segregation of wastes at
source and household composting will help to reduce the waste treatment cost of government. Increase in the public awareness will help people to understand the values of
wastes and benefits of household composting.
Enforcement of strict rules and regulations should be done by municipalities and village
development communities in order to prevent illegal dumping of solid wastes on
riverbanks and in public places. After that, people will be forced to carry out waste recycling in their homes and to give rest of their household wastes to the waste collectors.
Waste segregation at source is a first important step that should be carried out by household residents before taking any actions to their wastes. Government should support
household bin composting policy and provide incentives to those who are practicing bin
composting at their houses. Sometimes, household residents often find challenging to
sell their surplus composts. Therefore, government should take guarantee for the marketing of their composts. Nepal is an agricultural country which is heavily dependent of
inorganic fertilizers from India. That’s why production of large amount of organic composts within Nepal will help to fulfil the high demand of fertilizers. So, government
should give priority to centralized as well as household composting.
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APPENDIX I: HOUSEHOLD QUESTIONNAIRE
Household No: ………...

Date: ………..

1) Address: ……………………….
2) Name of Respondent: ………………………

3) Sex: ………..

4) Family Size: ………

5) Number of tenants (if any): ……

6) Who primarily manages daily household wastes at your home? □ Myself
□ Family members

□ others (If others, specify ………………….)

7) Who collects daily household wastes from your home? □ Local community
□ NGO

□ Myself □ Others (if others, specify……………..)

8) How often do they collect wastes from your home? ………. times / week
9) Are you satisfied with their provided services for waste collection? □ Yes
□ No (if no, give reasons……..)
10) How much do you pay for daily household waste collection? NPR …….. /month
11) Are you happy with the price? □ Yes

□ No (If no, how much you are ready to

pay? NPR …… / month)
12) How do you store your daily household wastes? □ Using plastic bags
□ Using plastic buckets □ Other ways (if others, specify ………….)
13) How do you collect generated daily household wastes? □ Segregate organic from
non-organic wastes

□ Mix all the wastes

14) If answer of question no.13 is segregating organic from non-organic wastes; I) What
are you doing with organic wastes? □ Composting

□ Dispose □ Others (if others,

specify……………..)
II) What kind of wastes you are segregating? □ Organic kitchen household wastes
□ Plastic and its items □ Textiles

□ Glass □ Metals □ Others (specify…….)
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III) If you are applying composting for generated organic household wastes;
a) What kind of methods you use for composting? □ Using normal compost bin
□ Using rotating compost bin □ Using Vermicomposting □ Using Pit composting
□ Other methods (if so, specify………….)
b) Installation cost: …………….

c) Operation cost: ………………

d) Do you agree with the price? □ Agree □ Disagree (how much you want to pay?)
e) Any difficulties during installation and operation? □ Yes

□ No

f) What do you do with compost? …………………………………
g) Are you interested for faster and efficient composting method? □ Yes

□ No

15) If answer of question no.13 is mixing all the wastes; Why are you mixing all the
wastes? □ Difficult to separate
how to segregate

□ No space

□ No reasons

□ Don’t know

□ Others

16) According to Solid Waste Management Act 2011, you are prohibited to dispose
mixed solid waste. Do you know that? □ Yes

□ No

17) Do you know that segregated waste has a value and segregation of wastes help to
maintain clean environment? □ Yes

□ No

18) Are you interested in waste segregation at source? □ Yes
19) Do you know about composting? □ Yes

□ No

20) Are you interested in composting? □ Yes

□ No

□ No

21) If yes, how much money you are ready to pay for composting reactor? …………….
22) What should we do in order to manage generated household wastes and keep environment clean? …………………………………………………………………………
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APPENDIX II: RESPONSES FROM HOUSEHOLD NO: H1
Household No: H1

Date: 03/02/2014

1) Address: Goldhunga 03, Kathmandu
2) Name of Respondent: Uma Aryal

3) Sex: Female
5) Number of tenants (if any): …………….

4) Family Size: 10

6) Who primarily manages daily household wastes at your home? □ Myself
□ Family members

□ others (If others, specify ………………….)

7) Who collects daily household wastes from your home? □ Local community
□ NGO

□ Myself □ Others (if others, specify……………..)

8) How often do they collect wastes from your home? …….. times / week
9) Are you satisfied with their provided services for waste collection? □ Yes
□ No (if no, give reasons……..)
10) How much do you pay for daily household waste collection? NPR …… /month
11) Are you happy with the price? □ Yes

□ No (If no, how much you are ready to

pay? NPR …. / month)
12) How do you store your daily household wastes? □ Using plastic bags
□ Using plastic buckets □ Other ways (if others, specify ………….)
13) How do you collect generated daily household wastes? □ Segregate organic from
non-organic wastes

□ Mix all the wastes

14) If answer of question no.13 is segregating organic from non-organic wastes; I) What
are you doing with organic wastes? □ Composting

□ Dispose □ Others (if others,

specify……………..)
II) What kind of wastes you are segregating? □ Organic kitchen household wastes
□ Pl

c

d

□ Textiles

□ Glass □ Metals □ Others (specify…….)
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III) If you are applying composting for generated organic household wastes;
a) What kind of methods you use for composting? □ Using normal compost bin
□ Using rotating compost bin (200 L) □ Using Vermicomposting □ Using Pit composting

□ Other methods (if so, specify………….)

b) Installation cost: NPR 2500

c) Operation cost: ………………

d) Do you agree with the price? □ Agree □ Disagree (how much you want to pay?)
e) Any difficulties during installation and operation? □ Yes (bad odour)

□ No

f) What do you do with compost? Using as fertilizers for growing vegetables and
plants in the back yard
g) Are you interested for faster and efficient composting method? □ Yes

□ No

15) If answer of question no.13 is mixing all the wastes; Why are you mixing all the
wastes? □ Difficult to separate
how to segregate

□ No space

□ No reasons

□ Don’t know

□ Others

16) According to Solid Waste Management Act 2011, you are prohibited to dispose
mixed solid waste. Do you know that? □ Yes

□ No

17) Do you know that segregated waste has a value and segregation of wastes help to
maintain clean environment? □ Yes

□ No

18) Are you interested in waste segregation at source? □ Yes
19) Do you know about composting? □ Yes

□ No

20) Are you interested in composting? □ Yes

□ No

□ No

21) If yes, how much money you are ready to pay for composting reactor? Already using composting reactor
22) What should we do in order to manage generated household wastes and keep environment clean? Wastes should be segregated and they should not be disposed haphazardly in the surroundings.
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APPENDIX III: RESPONSES FROM HOUSEHOLD NO: H2
Household No: H2

Date: 03/02/2014

1) Address: Balaju 16, Kathmandu
2) Name of Respondent: Sanu Phyual
4) Family Size: 6

3) Sex: Female

5) Number of tenants (if any): 10

d

’

w

6) Who primarily manages daily household wastes at your home? □ Myself
□ Family members

□ others (If others, specify ………………….)

7) Who collects daily household wastes from your home? □ Local community
□ NGO

□ Myself □ Others (if others, specify……………..)

8) How often do they collect wastes from your home? 3 times / week
9) Are you satisfied with their provided services for waste collection? □ Yes
□ No (if no, give reasons……..)
10) How much do you pay for daily household waste collection? NPR 300 /month
11) Are you happy with the price? □ Yes

□ No (If no, how much you are ready to

pay? NPR 200 / month)
12) How do you store your daily household wastes? □ Using plastic bags
□ Using plastic buckets □ Other ways (if others, specify ………….)
13) How do you collect generated daily household wastes? □ Segregate organic from
non-organic wastes

□ Mix all the wastes

14) If answer of question no.13 is segregating organic from non-organic wastes; I) What
are you doing with organic wastes? □ Composting

□ Dispose □ Others (if others,

specify……………..)
II) What kind of wastes you are segregating? □ Organic kitchen household wastes
□ Pl

c

d

□ Textiles

□ Glass □ Metals □ Others (specify…….)
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III) If you are applying composting for generated organic household wastes;
a) What kind of methods you use for composting? □ Using normal compost bin
□ Using rotating compost bin (100 L) □ Using Vermicomposting □ Using Pit composting

□ Other methods (if so, specify………….)

b) Installation cost: NPR 2500

c) Operation cost: ………………

d) Do you agree with the price? □ Agree □ Disagree (how much you want to pay?)
e) Any difficulties during installation and operation? □ Yes (bad odour)

□ No

f) What do you do with compost? Using as fertilizers for growing flowers in gardens
g) Are you interested for faster and efficient composting method? □ Yes

□ No

15) If answer of question no.13 is mixing all the wastes; Why are you mixing all the
wastes? □ Difficult to separate
how to segregate

□ No space

□ No reasons

□ Don’t know

□ Others

16) According to Solid Waste Management Act 2011, you are prohibited to dispose
mixed solid waste. Do you know that? □ Yes

□ No

17) Do you know that segregated waste has a value and segregation of wastes help to
maintain clean environment? □ Yes

□ No

18) Are you interested in waste segregation at source? □ Yes
19) Do you know about composting? □ Yes

□ No

20) Are you interested in composting? □ Yes

□ No

□ No

21) If yes, how much money you are ready to pay for composting reactor? Already using composting reactor
22) What should we do in order to manage generated household wastes and keep environment clean? Wastes should be segregated and organic wastes should be used for
making compost which can be used as fertilizers for growing green plants.
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APPENDIX IV: RESPONSES FROM HOUSEHOLD NO: H3
Household No: H3

Date: 02/02/2014

1) Address: Balaju 16, Kathmandu
2) Name of Respondent: Amrita Sapkota
4) Family Size: 7

3) Sex: Female

5) Number of tenants (if any): 12

d

’

w

6) Who primarily manages daily household wastes at your home? □ Myself
□ Family members

□ others (If others, specify ………………….)

7) Who collects daily household wastes from your home? □ Local community
□ NGO

□ Myself □ Others (if others, specify……………..)

8) How often do they collect wastes from your home? 3 times / week
9) Are you satisfied with their provided services for waste collection? □ Yes □ No
10) How much do you pay for daily household waste collection? NPR 360 /month
11) Are you happy with the price? □ Yes

□ No (If no, how much you are ready to

pay? NPR 200 / month)
12) How do you store your daily household wastes? □ Using plastic bags
□ Using plastic buckets □ Other ways (if others, specify ………….)
13) How do you collect generated daily household wastes? □ Segregate organic from
non-organic wastes

□ Mix all the wastes

14) If answer of question no.13 is segregating organic from non-organic wastes; I) What
are you doing with organic wastes? □ Composting

□ Dispose □ Others (if others,

specify……………..)
II) What kind of wastes you are segregating? □ Organic kitchen household wastes
□ Pl

c

d

□ Textiles

□ Glass □ Metals □ Others (specify…….)

III) If you are applying composting for generated organic household wastes;
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a) What kind of methods you use for composting? □ Using normal compost bin
□ Using rotating compost bin (100 L) □ Using Vermicomposting □ Using Pit composting □ Other methods (if so, specify………….)
b) Installation cost: NPR 3000

c) Operation cost: ………………

d) Do you agree with the price? □ Agree □ Disagree (how much you want to pay?)
e) Any difficulties during installation and operation? □ Yes (sometimes leachate leakage from bin)

□ No

f) What do you do with compost? Using as fertilizers for growing vegetables in the
backyard
g) Are you interested for faster and efficient composting method? □ Yes

□ No

15) If answer of question no.13 is mixing all the wastes; Why are you mixing all the
wastes? □ Difficult to separate
how to segregate

□ No space

□ No reasons

□ Don’t know

□ Others

16) According to Solid Waste Management Act 2011, you are prohibited to dispose
mixed solid waste. Do you know that? □ Yes

□ No

17) Do you know that segregated waste has a value and segregation of wastes help to
maintain clean environment? □ Yes

□ No

18) Are you interested in waste segregation at source? □ Yes
19) Do you know about composting? □ Yes

□ No

20) Are you interested in composting? □ Yes

□ No

□ No

21) If yes, how much money you are ready to pay for composting reactor? Already using composting reactor
22) What should we do in order to manage generated household wastes and keep environment clean? Wastes should be segregated at the sources and they should be
properly managed through reuse and recycling.
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APPENDIX V: RESPONSES FROM HOUSEHOLD NO: H4
Household No: H4

Date: 02/02/2014

1) Address: Gaurighat, Kathmandu
2) Name of Respondent: Usha Sharma
4) Family Size: 7

3) Sex: Female

5) Number of tenants (if any): 5

d

’

w

6) Who primarily manages daily household wastes at your home? □ Myself
□ Family members

□ others (If others, specify ………………….)

7) Who collects daily household wastes from your home? □ Local community
□ NGO

□ Myself □ Others (if others, specify……………..)

8) How often do they collect wastes from your home? 2 times / week
9) Are you satisfied with their provided services for waste collection? □ Yes
□ No (if no, give reasons……..)
10) How much do you pay for daily household waste collection? NPR 300 /month
11) Are you happy with the price? □ Yes

□ No (If no, how much you are ready to

pay? NPR …… / month)
12) How do you store your daily household wastes? □ Using plastic bags
□ Using plastic buckets □ Other ways (if others, specify ………….)
13) How do you collect generated daily household wastes? □ Segregate organic from
non-organic wastes

□ Mix all the wastes

14) If answer of question no.13 is segregating organic from non-organic wastes; I) What
are you doing with organic wastes? □ Composting

□ Dispose □ Others (if others,

specify……………..)
II) What kind of wastes you are segregating? □ Organic kitchen household wastes
□ Pl

c

d

□ Textiles

□ Glass □ Metals □ Others (specify…….)
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III) If you are applying composting for generated organic household wastes;
a) What kind of methods you use for composting? □ Using normal compost bin
□ Using rotating compost bin (100L) □ Using Vermicomposting
posting

□ Using Pit com-

□ Other methods (if so, specify………….)

b) Installation cost: NPR 2500

c) Operation cost: ………………

d) Do you agree with the price? □ Agree □ Disagree (how much you want to pay?)
e) Any difficulties during installation and operation? □ Yes

□N

f) What do you do with compost? Using as fertilizers for growing flowers in vases
g) Are you interested for faster and efficient composting method? □ Yes

□ No

15) If answer of question no.13 is mixing all the wastes; Why are you mixing all the
wastes? □ Difficult to separate
how to segregate

□ No space

□ No reasons

□ Don’t know

□ Others

16) According to Solid Waste Management Act 2011, you are prohibited to dispose
mixed solid waste. Do you know that? □ Yes

□ No

17) Do you know that segregated waste has a value and segregation of wastes help to
maintain clean environment? □ Yes

□ No

18) Are you interested in waste segregation at source? □ Yes
19) Do you know about composting? □ Yes

□ No

20) Are you interested in composting? □ Yes

□ No

□ No

21) If yes, how much money you are ready to pay for composting reactor? Already using composting reactor
22) What should we do in order to manage generated household wastes and keep environment clean? Environment can be protected by managing the wastes of their own
types.
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APPENDIX VI: RESPONSES FROM HOUSEHOLD NO: H5
Household No: H5

Date: 03/02/2014

1) Address: Goldhunga 03, Kathmandu
2) Name of Respondent: Kumar Aryal

3) Sex: Male
5) Number of tenants (if any): …………….

4) Family Size: 5

6) Who primarily manages daily household wastes at your home? □ Myself
□ Family members

□ others (If others, specify ………………….)

7) Who collects daily household wastes from your home? □ Local community
□ NGO

□ Myself □ Others (if others, specify……………..)

8) How often do they collect wastes from your home? …….. times / week
9) Are you satisfied with their provided services for waste collection? □ Yes □ No
10) How much do you pay for daily household waste collection? NPR …… /month
11) Are you happy with the price? □ Yes

□ No (If no, how much you are ready to

pay? NPR …. / month)
12) How do you store your daily household wastes? □ Using plastic bags
□ Using plastic buckets □ Other ways (if others, specify ………….)
13) How do you collect generated daily household wastes? □ Segregate organic from
non-organic wastes

□ Mix all the wastes

14) If answer of question no.13 is segregating organic from non-organic wastes; I) What
are you doing with organic wastes? □ Composting

□ Dispose □ Others (if others,

specify……………..)
II) What kind of wastes you are segregating? □ Organic kitchen household wastes
□ Plastic and its items □ Textiles

□ Glass □ Metals □ Others (specify…….)

III) If you are applying composting for generated organic household wastes;
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a) What kind of methods you use for composting? □ Using normal compost bin
□ Using rotating compost bin (100 L) □ Using Vermicomposting □ Using Pit composting

□ Other methods (if so, specify………….)

b) Installation cost: NPR 2000

c) Operation cost: ………………

d) Do you agree with the price? □ Agree □ Disagree (how much you want to pay?)
e) Any difficulties during installation and operation? □ Yes (many flies came at the
beginning but slowly started to disappear)

□ No

f) What do you do with compost? Using as fertilizers for growing vegetables and
plants
g) Are you interested for faster and efficient composting method? □ Yes

□ No

15) If answer of question no.13 is mixing all the wastes; Why are you mixing all the
wastes? □ Difficult to separate
how to segregate

□ No space

□ No reasons

□ Don’t know

□ Others

16) According to Solid Waste Management Act 2011, you are prohibited to dispose
mixed solid waste. Do you know that? □ Yes

□ No

17) Do you know that segregated waste has a value and segregation of wastes help to
maintain clean environment? □ Yes

□ No

18) Are you interested in waste segregation at source? □ Yes
19) Do you know about composting? □ Yes

□ No

20) Are you interested in composting? □ Yes

□ No

□ No

21) If yes, how much money you are ready to pay for composting reactor? Already using composting reactor
22) What should we do in order to manage generated household wastes and keep environment clean? Organic wastes should be composted and wastes should not be disposed haphazardly in the surroundings.

