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Abstract
Solid waste management is both urban and rural problems. Every person is a potential generator
of waste. This study was focussed on Prospects and Challenges of Solid Waste Management in
Bole Sub City. The study was conducted by using both qualitative and quantitative approach
methodologies. To determine the shares of the various sources of waste in the sub city, the
mean daily solid waste generation rate by weight and volume of 1031 samples (385
residences, 358 commercial establishments, 208 institutions and 80 industries) was directly
measured for five weeks. Result showed that residences generate the highest share (82%, 75%)
followed by commercial areas 12%, 15%, street sweeping 3%, 1.2%, institutions 2%, 8.5% and
1%, 0.3% by weight and volume respectively. Since residences generate a larger proportion of
waste in the sub city a survey was conducted on 385 households about their onsite waste
handling. Result showed that 82.3% of the households use trash bag and plastics to store waste
at home. On the other hand only 17.7% households responded that they reuse some items.
Similarly, most of the households (83.6%) do not change their cloth wastes for plastic and other
utensils to “Lewach” or sold to “Qorales”. The remaining households (7.3%) exchange their
worn out clothes and shoes to “Lewach” for household utensils. An interview was also
conducted with sub city waste management office about the current conditions of waste
management problems. From this interview the following points were considered as challenges
to improve the situation in the sub city. These are poor infrastructure, lack of properly designed
collection route system, and lack of promotion on waste reduction, recycling and composting. In
Bole sub city 121,164kg, 380167.11L of waste is generated per day by weight and volume
respectively, with per capita generation of 0.31kg and 1.01L by weight and volume.
Keywords: solid waste, waste generation, waste composition
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Chapter One
Introduction
1.1 Background
Solid waste management is one of the most important urban services provided under a municipal
responsibility nearly in all developing countries. In urban areas, especially in the rapidly
urbanizing cities of the developing world, problems and issues of municipal solid waste
management are of immediate importance (Medina, 2000:5).
Solid waste management (SWM) is in crises in many of the world‟s largest urban areas as
populations attracted to cities continuous to grow and this has led to ever increasing quantity of
domestic solid waste while space for disposal decreases (World Bank, 1999).The majority of the
world's fast-growing cities are located in the developing nations near or south of the equator. For
many cities in Africa, dealing with the environmental cost of rapid population growth and
urbanization represent a phenomenal challenge. This is particularly true for the field of solid
waste management. While cities are generating an ever increasing amount of waste, the
effectiveness of their solid waste collection (SWC) and special disposal system are declining.
The management of solid waste (MSW) is a growing problem in many urban areas in Africa
today. One of the reasons for this is that during the recent decades, urban areas in Africa has
experienced a rapid urbanization due to rapid population growth and high rates of migration
from rural areas ( Medina,2000).
Most cities in Africa with fast expansion of urban area are characterized by lack of resources,
institutional organization, and the capacity to provide basic infrastructure which is in turn has
caused increased problems concerning the management of solid waste. Moreover the lack of
proper land use planning has resulted in the creation of informal settlements, with narrow streets
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that makes it difficult for collection, trucks to reach many areas of the cities. This leaves a large
portion of the population in the cities without any access to solid waste services. As a result
people dispose their waste illegally on open fields, streets, rivers, and ditches. The quantity of
waste generated in Addis Ababa is increasing because of rapid population growth and
urbanization. This has outpaced the financial and man power resources of the municipality to
deal with provision and management of solid waste (AASPDA, 2003).
In adequate solid waste management (SWM) in Addis Ababa has resulted in the accumulation of
waste on open lands, in drains, and in the residential area, causing a nuisance and foul-smelling
pools, environmental pollution through leachates from piles( water and soil pollution) and
burning of waste (air pollution), clogging of drains. This situation is believed to result in poor
environmental conditions, which in turn presents a formidable threat to health. Thus, there is a
need for improved waste management system (WMS) of the city (Samuel Shimelis, 2007).
1.2

Statement of the problem

Urban waste management has been a challenge for municipalities and urban governments in the
developing world, largely due to poor infrastructure, bureaucratic competence and limited
institutional capacity of the municipalities. Municipalities throughout Ethiopia are not free of
these problems are they facing a major challenge with solid waste collection and landfill
management (Global Methane Initiative, 2011).

Addis Ababa, the metropolitan city of Ethiopia, like many other towns and cities of the
developing countries has a serious problem in the provision of adequate solid waste management
services. Efficiency is low and a wide geographical area is not adequately covered (Tadesse
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Kuma, 2004). One of the major issues that the development strategy should incorporate is the
issue of urban environment, which mainly deals with the municipal waste management.

Improper solid waste management causes all types of pollution: air, soil, and water. Health and
safety issues also arise from improper solid waste management (World Bank, 1999). The rapid
population growth of Addis Ababa has been putting tremendous pressures on the city, not least in
terms of environmental degradation. For instance, 35 percent of the solid waste generated by the
city is not collected (AAEPA, 2006). The aesthetic quality of the city has deteriorated and the
health situation of the community has come under serious threat (SBPDA, 2003: 1).

Bole Sub-City is one of the peripheral sub cities in Addis Ababa which covers a total area of
122.08

km2

with

a

population

density

of

2,694.1

per

square

kilometer

(www.addisababacity.gov.et/index.php/ensubcities/Bole). It is located in the eastern fringes of
Addis Ababa, in which the rate of urban settlements and population growth is very high and fast.
Increasing number of people produces greater amounts of waste: goods of mass consumption are
distributed more quickly than waste disposal structures can cop up with (Enger and Smith, 2008).

Due to informal settlements, with narrow streets that make it difficult for collection, trucks to
reach many areas, a significant portion of the population is without enough access to solid waste
services in Bole sub-city. As a result people dispose their waste illegally on open fields, streets,
rivers, and ditches. The sub city has a considerable number of agricultural communities and it is
one of a rapidly expansion zone of built up areas.
In general Addis Ababa does not have detailed data and information on the volume, composition,
waste sources as well as the characteristics of the wastes. This is mainly due to the fact that these
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studies are generally expensive and time-consuming as well as requires periodic updating of the
data to make the information meaningful. While there have been studies conducted by AAU
students as a master‟s Thesis and agencies at the city level, this can only at best, provide
approximations for general considerations when applied to different sub-cities. There has been so
far, no known study being carried out on the detailed waste data in the sub city.
In Bole Sub-City, public complaints of uncollected waste are frequent; this may lead to the
wrong perception that there is the misuse of taxpayers‟ money by the local authorities. Without
such detailed local data for analysis and evaluation, it is difficult for local authorities to identify
the specific waste problems faced and to develop effective plans and measures to address the
problems specific to their localities.
Thus to improve this condition the City Government of Addis Ababa has been determined to
review its solid waste management strategies and develop Sustainable Integrated Solid Waste
Management Plan (ISWM). Establishment of Cleansing Management Agency at City level,
Cleansing Management Office at sub city and woreda level and Environmental Protection Team
at all sub-cities and woredas which are the lowest administration level of the city are the signs of
the commitment and a vision of the government for a clean environment.

For the reasons of a need to review solid waste management strategies continuously there is a
demand for a better accessible first-hand reliable up-to-date data on sub-city status of solid waste
and information on its current management system. It is therefore, hopped that this research
study on the quantity and composition, and assessment of current management system of solid
waste in the sub city will contribute towards providing this required information, to fill the gap
therein and to develop a model of sustainable solid waste management system by integrating all
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stakeholders such as policy makers, decision–makers, municipal administrations, community
groups, entrepreneurs, academicians and scholars in urban environmental management, citizens,
NGOs donors, local experts interested in using or replacing the results, consultants working on
urban services, recycling, or waste management, the press, especially when seeking background
material and the private sector alike.

1.3 Objectives
1.3.1 General Objective:
The overall objective of this study is to assess solid waste management practices in Bole SubCity; and to examine composition, generation rate and possible solutions to solid waste
management.
1.3.2 Specific objectives
1. To identify the sources and types of solid waste in the Sub-City
2. To examine the waste composition and generation rate
3. To explore solid waste management practices and challenges in Bole Sub-city
4. To recommend on solid waste management options based on the- research results.
1.4 Research Questions
1. What are the important challenges and problems of waste management in Bole Sub City?
2. What are the prospects (good opportunities) to improve solid waste management practices in
Bole Sub-City?
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Chapter Two
Literature Review
2.1 Introduction
Solid waste may be solid or semi-solid materials, resulting from human and animal activities,
that are useless, unwanted, or hazardous (Purohit et al., 2006). Similarly, solid waste means any
garbage, refuse, sludge, and other discarded solid materials, including solid waste materials
resulting from industrial, commercial, and agricultural operations, and from community
activities, but does not include solid or dissolved materials in domestic sewage or other
significant pollutants in water resources, such as silt, dissolved or suspended solids in industrial
wastewater effluents, dissolved materials in irrigation return flows or other common water
pollutants (U.S. Code of Federal Regulations,1995 :243).

In Ethiopia according to the Federal Democratic Republic of Ethiopia proclamation No.
513/2007 Solid Waste Management Proclamation “Solid Waste” means anything that is neither
liquid nor gas and is discarded as unwanted. These could be refuses from residential,
commercial, or any institutes as yard sweeping, food remains, ash and chat leftover, saw dust,
piece of wood papers, glasses, metals, batteries, plastic, grass, and vegetables, bone of animals,
dead animals and other materials that cause poor environmental situation.

2.2 Municipal Solid Waste
Municipal solid waste (MSW) - refers to materials discarded in urban areas for which
municipalities are usually responsible for collection, transportation, and final disposal.
According to Cointeau, (1982), municipal solid waste is defined as, “a material for which the
primary generator or user abandoning the material within the urban area requires no
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compensation upon abandonment.” This definition covers all urban solid wastes if it is generally
perceived by society as being within the responsibility of the municipality to collect and dispose
off. Some authors also define municipal solid waste (MSW) as material which is useless or
unwanted material discarded as a result of human or animal activity. Most commonly, it is solids,
semisolids or liquids in containers thrown out of houses, commercial or industrial premises (ESI
Africa, 2004).

2.3 Sources and Components of Solid Waste
Knowledge on the sources and types of solid wastes, along with data on the composition and
rates of generation, is basic for the design and operation of the functional elements associated
with the management of solid wastes. Solid waste streams should be characterized by their
source, type of waste produced as well as by generation rates and composition (Eliasssen and
Tchobanoglous et al., 1977).

The materials that are collected under the term solid waste include many different substances
from a multitude of sources. The sources of solid wastes are dependent on the socioeconomic
and technological levels of a society. A small rural community may have known types of solid
wastes from known sources (i.e. the wastes are more homogeneous). Wastes from industrial and
mining areas are also more homogeneous. Urban communities (metropolitan cities) have many
sources (The wastes are more heterogeneous) (Takele Tadesse, 2004).

According to the city government of Addis Ababa Sanitation, Beautification and Parks
Development Agency (AACSBPDA, 2003); the sources of solid waste are: house holds 76%,
institutional /Commercial, factories, hotels and health centers, 18% and 6% from street
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sweeping. Another study states that from the total waste generated in the city, 71% by
households 10% street, 6% industries, 9% commercial centers and institutions, 3% hotels and 1%
hospitals (Tadesse kuma, 2004).

Accurate information on the sources, types and compositions of waste is necessary in order to
monitor and control existing waste management systems and make regulatory, financial and
institutional decisions (AMPRP, 2004). The sources and types of solid wastes are described in
Table 1 according to “Urban Development Sector unit East Asia and Pacific Region (1999). The
table below describes the eight major categories of solid waste generators. They are classified
according to their source, type of solid waste generated and the kind of process from which these
wastes are generated.

Table 1: sources and type of solid waste
Source
Residential

Industrial

Commercial
Institutional
Construction
demolition

Typical waste generation
Type of solid wastes
Single and multi family Food wastes, paper, cardboard, plastics,
dwelling
textiles, leather, yard wastes, wood, glass,
metals, ashes, special wastes (e.g., bulky
items, consumer electronics, white goods,
batteries, oil, tires), and household hazardous
wastes.
Light and heavy
Housekeeping wastes, packaging,
Manufacturing,
fabrication, food wastes, construction and
construction sites, power and demolition materials, hazardous
chemical plants.
Wastes, ashes, special wastes.
Stores, hotels restaurants, Paper, card board, plastics wood food, waste
markets, office buildings,
glass metals, special wastes hazardous
Etc
wastes.
Schools, hospitals, prisons, Same as commercial
government centers.
and New construction sites, road Wood steel concrete and dirt, etc.
repair,
renovation
sites,
demolition of
Buildings
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Municipal services

Street cleaning,
Street sweepings, landscape and tree
landscaping, parks,
trimmings; general waste from parks,
beaches, other recreational
beaches, and other recreational areas; sludge.
areas, water and waste water
treatment plants
Process
Heavy and light
Industrial process waste, scrap materials, offmanufacturing,
refineries, specification products, slog, tailings.
chemical plants, power plants,
mineral
and
extraction
processing
All the above should be included as “municipal solid waste”
Agriculture
Crops, orchards, vineyards, Spoiled food wastes, agricultural
dairies, feedlots, farms
wastes, hazardous wastes (e.g., pesticides)

Source: Urban Development Sector Unit East Asia and Pacific Region. (1999). What a Waste:
Solid Waste Management in Asia

2.4 Solid waste generation
The main constituents of urban solid wastes are similar throughout the world, but the quantity
generated, the density and the proportion of constituents vary widely from country to country,
and from town to town with in a country according to the level of economic development,
geographical location, weather and social conditions (Rao, 1992). Waste generation encompasses
activities in which materials are identified as no longer being of values and either thrown away
or gather together for disposal. It is an activity that is not very controllable.

With regard to waste generation rate, even though the solid waste trend is expected to increase in
general, recent and up to date data were not available. Hence, the data were taken from the city
government‟s SBPDA as given in Table 2. Based on different studies conducted so far, the
amount of the solid waste generation rate in Addis Ababa city per day, month and year has been
estimated based on the 1993/94 population census of Addis Ababa (Table 3). The estimation
9

considered constant growth rate of 3.79% (including both natural and net migration).

Table 2: Solid waste generated and disposed in Addis Ababa
Year

Population in

Waste

Total

Amount disposal

(E.C)

millions

generation

generation

(m3)

(m3)
(kg/capital/day
1987

2.09

0.221

482,550

281,633

1988

2.9

0.221

520,961

275,200

1989

2.25

0.221

540,167

264,049

1990

2.34

0.221

561,774

317,377

1991

2.43

0.221

583,381

362,797

1992

2.5

0.221

602,587

393,972

1993

2.7

0.221

644,801

45,005

1994

2.8

0.221

672,208

472,722

1995

2.91

0.221

704,815

452,192

1996

3.02

0.221

731,460

544,689.37

1997

3.13

0.221

758,105

623,625

1998

3.25

0.221

787,305

540,266.9

(Source: Nigatu Regassa., et al., 2011).
Having knowledge on the sources and types of solid wastes together with data on the
composition and generation rates, is the basic to the design and operation of the functional
elements associated with the management of solid wastes. Waste generation rates of developed
countries are higher than the developing ones and attribute to the difference in technological
advances. Cities like New York have generation rate of 18 liter/capita/day while most cities in
developing countries have less than 1 litter/capita/day (AAHB, 1997).
According to the report released by Addis Ababa City Sanitation, Beautification and Park
10

Development Agency (2003) the daily waste generation of Addis Ababa city was 0.252
kg/capita/day and daily waste production of the city was 2,297 m3 or 851 tones. By the same
authority, of the daily solid waste generated in Addis Ababa, 65% (1,482 m3) is collected, 5%
recycled and 5% composted. The remaining 25% is simply dumped on open sites, drainage
channels, rivers and valleys as well as on the streets. Nürconsult (1982) reported that the
weighed mean per capita/day generation of Addis Ababa as 0.4 liter and 0.15 Kg and 370
weighted mean density in kg/m3. After Norconsult study different researchers like Sturdy
Gordon in 1994 and 1995 conducted study. Sturdy Gordon reported that the weighed mean per
capita/day generation as 0.65 liter and 0.221 Kg in 1994 and 1.23 liter and 0.252 Kg in 1995
(AAHB, 1997).
Table 3: The solid waste generation rate in Addis Ababa city per day, month and year
City

Population

Population

Solid

Solid waste Solid

Total

1993/1994

2005

waste

generation

waste

waste

Projection

generation

kg/day

generatio

generatio

by
Addis

2,255,000

3.9% kg/capital/

growth rate

day

3,395,000

0.252

n
851,540

rate n

rate

kg/month

kg/year

2.56x107

3.07x108

Ababa
(Source:Nigatu Regassa., et al., 2011)

The volume or rate of residential solid waste produced varies from day to day, month to month,
season to season and from household to household. Market day‟s yields more wastes than other
days of the week. Residential wastes rate usually peak during holyday season such as New Year,
Christian holidays like Meskel, Christmas, and Easter, and Muslim holydays like Maulid, Eid
Alfitir or Ramadan, and Eid Al-adha or Arefa. People generate more waste during dry season
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than wet season. High income household generate twice as much as waste than low income
group, this is because low income household consumes fewer resources and tend to recycle
(Girma Kebede, 2004).
Table 4: Solid waste generation Rate in Addis Ababa in different income groups
Income group
Data
1. High Income Gram/capita/day
(<600
Birr/month)
m³/capita/day

0.002226

Density (ρ), Kg/m³

220

Middle Income(300- Gram/capita/day
600 Birr/month)

Low Income
Birr/month)

236

m³/capita/day

0.001246

Density (ρ), Kg/m³

196

(<300 Gram/capita/day

General Population

477

260

m³/capita/day

0.001316

Density (ρ), Kg/m³

206

Gram/capita/day

252

m³/capita/day

0.00122

Density (ρ), Kg/m³

205

2.5 Waste composition
The composition of municipal solid waste stream is important for designing material recovery
facilities and developing other waste minimization programs. Successful characterization
depends on obtaining representative samples of the collected solid waste and making statistically
12

precise and accurate estimates of component weights (Zeng et al., 2005). Knowing the quantity
and type of solid waste generated is important to examine various treatment options (Tsakona, et
al., 2006).

Waste composition is influenced by external factors such as geographical location, the
population‟s standard of living, energy source, and weather. Generally, all low-income countries
have a high percentage of compostable organic matter in the urban waste stream, ranging from
40-85 percent of the total. Packaging wastes, such as paper, plastic, and glass will become more
predominant in the waste stream as the economies increase and the population becomes more
urbanized (USEPA, 1999).

As countries become more urbanized, their waste composition is changed. The substantial
increase in use of paper and paper packaging is probably the most obvious change. The other
significant change is a much higher proportion of plastics and consumer products and their
packaging materials. More newspapers and magazines, more packaged foods and mass produced
products are all the causes and bring with it more waste, of higher volume making waste more
expensive to collect and a related rise in the amount of litter.

2.5.1 Physical composition
Information and data on the physical composition of solid waste is important in the selection and
operation of equipment and facilities, in assessing the feasibility of resources and energy
recovery, and in the analysis and design of disposal facilities (Tchobanoglous., et al., 1977). The
composition of solid waste is the prime consideration before considering any process for its
disposal or combustion or recycling. According to Hall et al., (1993) solid waste composition
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analysis is important because:

 The nature of the waste influences the mode of collection.
 The lives of landfill sites can be estimated from the physical composition of wastes.
Because changes in composition, density and output per person per week affect site life
of landfill.
 The design and operation of waste disposal plant (e.g. incinerators) and waste derived
fuel plants is controlled by the nature of the waste.
 An assessment can be made of the materials available for recycling or reuse and an
estimate can be made of heavy metals or other biologically active substances that may
affect the future use of reclaimed land of which waste has been deposited or which may
need to be legislated for in the future

Different sources express physical property of municipal solid waste by its density, particle size,
moisture content, etc. (Holmes, 1981; Tchobanoglous et al., 1977). According to these sources,
density-specific weight (weight per unit volume) is managed by assessing total mass and volume
of waste. Moisture content indicates water contents of the waste, which is percentage of the wet
weight material to dry material. Moisture content of solid wastes is usually expressed as the mass
of moisture per unit mass of wet or dry materials. The wet-mass moisture content is expressed as
follows: Moisture content (%) = ((w-d) /w) x 100; where w = initial mass of sample as delivered
and d = mass of sample after drying (Hui et al., 2006; Tchobanoglous, et al 1977; Yitayal, 2005).

It has major role in determining compaction, decomposition and incineration. Other physical
properties of municipal solid waste are particle size and porosity (permeability), which are
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important in managing material recovery and governing movements of liquid and gases in a
landfill. From the total waste generated in Addis Ababa 60% organic, 15% recyclable and others
25%. The following table shows the physical composition of solid waste in Addis Ababa.
Table 5: physical composition of solid waste in Addis Ababa

Waste type

% composition

Vegetables

4.2%

Paper

2.5%

Rubber/plastic

2.9%

wood

2.3%

Bone

1.1%

Textiles

2.4%

Metals

0.9%

Glass

0.5%

Combustible leaves

15.1%

Non-combustible

2.5%

All fine

65%

(Source:Abera Kumie,1997)
2.5.2 Chemical Composition
Information on the chemical composition of solid waste is important in evaluating alternative
processing and recovery options. If solid wastes are to be used as fuel, the most important
properties to be known are (1) proximate analyses, which include moisture content (loss at
1050C for 1 hr), Volatile matter (additional loss in ignition at 9500C), ash-residue (residue after
burning), and fixed carbon (reminder). (2) Ultimate analysis, which include percent of Carbon,
Hydrogen, Oxygen, Nitrogen, Sulfur ash and (3) heating value (energy value) (Tchobanoglous et
al., 1977).
15

In general, data for developing countries reveals that organic (C, H, N) comprises about 40-50 %,
inorganic substance (P, K) 20-30%, moisture about 30-40 % by weight, with less than 1000 Kcal
of heat value (Abera Kumie, 1997).

2.6 Solid waste management
Municipal Solid Waste Management (MSWM) is the generation, separation, collection, transfer,
transportation and disposal of waste in a way that takes into account public health, economics,
conservation, aesthetics, and the environment, and is responsive to public demands (WWF,
2005). According to the World Bank, overall goal of solid waste management should be to
collect, treat and dispose of solid wastes generated by all population groups in an
environmentally and socially satisfactory manner using the most economical means available.

In developing countries, it is common for municipalities to spend 20-50 percent of their available
recurrent budget on solid waste management (Onibokun and Kumuyi, 2003). Yet, it is also
common that 30-60 percent of all the urban solid waste in developing countries is uncollected
and less than 50 percent of the population is served. In some cases as much as 80% of the
collection and transport equipment is out service or in need of repair or maintenance. In most
developing countries, open dumping with open burning is the norm (WB, 2007).

Municipal solid waste management constitutes one of the most crucial health and environmental
problems facing governments of African cities. This is because even though these cities are using
20-50 percent of their budget in solid waste management, only 20-80 percent of the waste is
collected (Achankeng, 2003). The uncollected or illegally dumped wastes constitute a disaster
for human health and the environmental degradation. The key challenge for most African cities is
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collection and disposal of waste. Waste collection rates across Africa range from 20-80% (ESI
Africa, 2004; Sha‟Ato et al., 2006). For example, a survey carried out in Lagos, Nigeria, in the
early 1990s, showed that waste was not collected from 31% of households. As a result, waste
was often indiscriminately dumped in open plots of land and along streets or other public spaces.

Up to 1994 solid waste management in Addis Ababa was the task the environmental health and
social services of the municipality. The department was responsible for all waste management
activities ranging from collection to disposal. From 1994 to 2003 the mandate was transferred to
the Addis Ababa Health Bureau. Since January, 2003the mandate is shifted to the newly
established Sanitation, Beautification, and Parks Development Agency with the decentralized
power to sub city level (CGAASBPDA, 2003:6).

Management of solid waste reduces or eliminates adverse impacts on the environment and
human health and supports economic development and improved quality of life. A number of
processes are involved in effectively managing waste for a municipality. These include
monitoring, collection, transport, processing, recycling and disposal.

2.7 Integrated Solid Waste Management
Integrated Solid Waste Management (ISWM) takes an overall approach to creating sustainable
systems that are economically affordable, socially acceptable and environmentally effective. An
integrated solid waste management system involves the use of a range of different treatment
methods, and key to the functioning of such a system is the collection and sorting of the waste. It
is important to note that no one single treatment method can manage all the waste materials in an
environmentally effective way. Thus all of the available treatment and disposal options must be
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evaluated equally and the best combination of the available options suited to the particular
community chosen. Effective management schemes therefore need to operate in ways which best
meet current social, economic, and environmental conditions of the municipality.

2.7.1 Reduce, Reuse, Recycle
Methods of waste reduction, waste reuse and recycling are the preferred options when managing
waste. There are many environmental benefits that can be derived from the use of these methods.
They reduce or prevent green house gas emissions, reduce the release of pollutants, conserve
resources, save energy and reduce the demand for waste treatment technology and landfill space
(Hui et al., 2006). Therefore it is advisable that these methods be adopted and incorporated as
part of the waste management plan.

2.7.2 Waste reduction and reuse
Waste reduction and reuse of products are both methods of waste prevention. They eliminate the
production of waste at the source of usual generation and reduce the demands for large scale
treatment and disposal facilities (Tchobanoglous et al., 1993). Methods of waste reduction
include manufacturing products with less packaging, encouraging customers to bring their own
reusable bags for packaging, encouraging the public to choose reusable products such as cloth
napkins and reusable plastic and glass containers, backyard composting and sharing and donating
any unwanted items rather than discarding them. All of the methods of waste prevention
mentioned require public participation. In order to get the public onboard, training and
educational programmes need to be undertaken to educate the public about their role in the
process. Also the government may need to regulate the types and amount of packaging used by
manufacturers and make the reuse of shopping bags mandatory.
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2.7.3 Recycling
Recycling refers to the removal of items from the waste stream to be used as raw materials in the
manufacture of new products. Thus from this definition recycling occurs in three phases: first the
waste is sorted and recyclables collected, the recyclables are used to create raw materials
(Onibokun and Kumuyi, 2003). These raw materials are then used in the production of new
products.

The sorting of recyclables may be done at the source (i.e. within the household or office) for
selective collection by the municipality or to be dropped off by the waste producer at a recycling
centres. The pre-sorting at the source requires public participation which may not be forthcoming
if there are no benefits to be derived. Also a system of selective collection by the government can
be costly. It would require more frequent circulation of trucks within a neighbourhood or the
importation of more vehicles to facilitate the collection.

Another option is to mix the recyclables with the general waste stream for collection and then
sorting and recovery of the recyclable materials can be performed by the municipality at a
suitable site. The sorting by the municipality has the advantage of eliminating the dependence on
the public and ensuring that the recycling does occur. The disadvantage however, is that the
value of the recyclable materials is reduced since being mixed in and compacted with other
garbage can have adverse effects on the quality of the recyclable material.

2.7.4 Solid waste Collection
The collection of municipal solid waste is a public service that has important impacts on public
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health and the appearance of towns and cities. Unfortunately many urban administrations seem to
be losing the battle of coping with the ever-increasing quantities of waste. The challenge is made
greater by the diversity of materials in the waste, which is no longer mainly food waste and ash,
but includes more and more plastic packaging, paper and discarded electronic equipment (UNHabitat, 2011).

Collection involves the process of picking up of wastes from collection points, loading them in to
a vehicle, and transporting it to processing facilities, transfer stations or disposal site. In most
municipal solid waste management systems, cost of collection accounts a significant portion of
total cost. For instance, “in industrialized countries collection accounts about 60-70% of total
cost, and 70-90% in developing and transition countries” (UNEP, 1996).

Collection is structurally similar in developing, transition, and industrialized countries, but there
are important technical and institutional differences in implementation. In most cases,
industrialized countries have more efficiency and effectiveness than developing ones in terms of
their approach of collection, role of municipal governments, private-sector participation, and
demographic and social factors relevant to collection.

Collection of solid wastes in urban areas is difficult and complex because the generation of
residential and commercial-industrial solid wastes is a mixed process that takes place in every
home, every apartment streets, parks, and even in vacant areas of every community. As the
generation patterns become more mixed and the total quality of wastes increases, the logistics
problems associated with collection become complex (Zereyakob Belete, 2002).

In developing countries, collection often involves a face to face transaction between generator
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and collector. The level of service is low, and generators often have to bring their wastes long
distances and place it in containers. As a result many collection activities in developing countries
carried out by informal sectors (UNEP, 1996). In general, there are four basic methods of
collection described by (Tchobanolous, et al 1993 cited in Ramachandra and Bachamanda,
2006):
i. Community bin- they are placed in convenient locations where community members carry
waste and throw it in. This method is comparatively cheaper than other methods, and most
widely adopted method in western countries. For this method to be adopted it is important that
bins are covered, aesthetic, attended regularly, kept clean, easy to handle, and separate bins are
provided.
ii. Curbside collection - homeowner is responsible for placing containers to be emptied at the
curb on collection day and for returning empty containers to their storage location until the next
collection.
iii. Block collection- collection vehicles arrive at a particular place or a set day and time to
collect waste from households. Households bring their waste containers and empty directly into
the vehicle. This method requires a higher homeowner cooperation and scheduled service for
homeowner collaboration.
iv. Door to door collection- waste is placed at doorstep at a set time when waste collector arrives.
In this method, collector of waste has the responsibility to collect waste separately. This method
is very convenient for households, however requires homeowner cooperation.
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Chapter Three
Materials and Methods
3.1. Description of the study area
Bole sub city is one of the sub cities of Addis Ababa, with emergence and expansion of poorly
serviced illegal and informal settlements in peripheral areas. In these areas land is traded
informally and built on without permission, and existing buildings are often extended or altered
over long periods of time, with no official authorization. To “formalize” these settlements
completely would require costs that neither municipalities nor inhabitants could handle easily.
The Sub-City is located (in geographical position latitude 080.99‟East, longitude 380.79‟ North)
in the eastern fringes of Addis Ababa, where the population growth and settlement is very high
and fast. Each Sub-City in Addis Ababa is organized through smaller units called Woredas, as
formally independent administrative units. Bole Sub-City is organized in to 14 woredas and has a
total population of 308,741 according to 2007 CSA.
The Sub-City covers a total area of 122.08 km2 with a population density of 2,694.1 per square
kilometer (www.addisababacity.gov.et/index.php/ensubcities/Bole. Increasing number of people
produces greater amounts of waste: goods of mass consumption are distributed more quickly
than waste disposal structures can cop up with (Enger and Smith, 2008).

Addis Ababa was founded at the southern flank of Entoto ridge (3199m a.s.l.) and expanded in
all directions. This ridge marks the northern boundary of the city following the east-west
trending major fault (Ambo-Kassam). The altitude of the city shows inclination to the southern
direction. The center of the city lies on an undulating topography with some flat land areas. The
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topography is undulating and form plateau in the northern, western and southwestern parts of the
city, while gentle morphology and flat land areas characterize the southern and southeastern parts
of the city.

The sub city topography is characterized by a plateau. Its altitude is above 2326m above sea
level.

The lowest and the highest annual average temperature of the sub city are about

10.5

and

respectively. The sub city is bordered by the Yeka sub city in the north, Kirkos

and Nifas Silk Lafto subcities in the west, Akaki Kality in the south and Oromiya Regional State
in the east and south east. Bole sub city receives an annual rain fall of 1100-1200mm. According
to (Nega Fantahun, 2010) the climate of Addis Ababa is divided into three distinct seasons, the
period of big rains (Keremt) commences between June and September. The dry period (Bega)
is between October and January, and the small rains (Belge) commences between March
and May

Figure 1 Location of Bole sub city and density of population per km2 (source: Addis Ababa Atlas
of key Demographic and Socio Economic Indicators, 2010)
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3.2. Methodology
Both qualitative and quantitative methods of data collection was employed to generate data about
the current conditions of waste management practices in Bole sub city; through interviewing sub
city Woredas‟ solid waste management authorities, personal observations, and disseminating both
closed ended and open ended questions.
To manage solid waste properly data regarding on the generation rate and waste composition is
essential. In this study, quantitative analysis was conducted to estimate waste composition and to
characterize it. Following the sampling, the collected waste was sorted, and weighed. Finally
statistical analysis was performed based on the data. To characterize waste samples collected
from different sites were mixed in the laboratory.
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1. Survey Design
Survey Method

Field Observation

Observing and
recording
information
about the current
SWM in
randomly
selected areas
(chapter Four).

Analysis
and
interpret
the
current conditions
of solid waste
management
in
the
sub
city
(chapter four).

Document Review

Review and collect data
about SWM in the sub
city over time line by
assessing
related
written materials and
browsing
internet
sources (chapters one
and two).

Discuss and analyze
the
obtained
information
about
solid waste sources,
composition,
and
waste characters and
management practices
in the sub city
(chapter four)

Interview and questionnaire

Gathering
information about
the waste collection
systems on
residential by
disseminating both
closed ended and
open ended
questions (chapter
Four)

Discuss and
interpret the
waste
collection
systems in the
sub- city
(chapter
four).

Interviewing the
sub-city‟s SWM
bureau
and
woreda bureaus
about the current
waste
management
practices (chapter
four)

Analyze and
discuss about the
collection, disposal
and transportation
of waste (chapter
four)

Discuss, analyze and interpret all the obtained information, and draw conclusions about solid
waste management (chapters four and five)

Figure: 2 Survey Design
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3.3. Sample Size Determination
There are a wide variety of reasons for collecting samples and various sampling strategies for
different situations. It is important that the purpose of the sampling and associated data quality
objectives be identified before fieldwork begins. For example, samples may be collected to allow
waste characterization and classification for disposal or recovery, or to determine compliance
with existing regulations.
Part-I Survey
In any sample survey, sample size determination is an important step. To determine sample size
of households those to participate in the study, a sampling technique (formula), which was
developed by Cochran to determine sample size (S) with the desired degree of precision for
general population, was used. In this case population variable (P) is households variable, and is
given as:

S
Where:
S = required sample size
X2 = Standardized normal variable and

its value that corresponds to 95 % confidence interval

equals 3.841
N= Total number of housing units
P= Housing unit variable (residential houses)
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d = the degree of accuracy expressed as a proportion (0.05)
According to 2007 population and housing Census, there are about 80,174 households (N): Out
of these more than 90 % (P) are of residential and the rest 10 % (Q) is for commercial activities
and offices.

Hence, S

376

Therefore, S = 376 is the minimum sample size of housing units for reliable results. To be safe in
cases of non-cooperativeness of households, unforeseen problems during collection and other
cases the sample size was increased to 400 households. However, due to incomplete
participation, incomplete socio-economic data and different reasons some 15 households were
excluded from final analysis. Therefore, results of 385 households‟ solid wastes were analyzed;
which is sufficiently enough according to the sample size calculated above.

3.4. Identification of households (Identification of Samples)
To identify participatory households, all households were stratified in 11 Kebeles. This was done
by taking the number of households for each Kebeles‟ in the 2007 population and housing
census. The

all households were stratified in to three income level groups, low, middle and

high-income groups. When this was done there was lack of data in Kebele (Woreda) officials.
Therefore, some information collected from different surveys of Addis Ababa and at country
level by the central statistics authority and other researchers, was taken into consideration. Based
on their life standards, housing and other facilities, households were categorized in to low
income groups (the poor group), middle and high in-come groups. Illegal settlements are also
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taken into the poor group. In this process, effort was made to represent all corners of the sub city.
To select the participating households, the number of households in the compound (housing
units) was first established and if the housing unit has more than one household each household
were given a unique number starting from one and the participating households were selected
randomly. Householders were informed the information collected will be confidential and for
academic purpose only benefits of the community (as it is the basis for their solid waste
management that affects their sanitation and healthy conditions).
Table 6: Samples of households participated in the survey
S. No

K EBELE

1

KEBELE
03/05
KEBELE
04/06/07
KEBELE
08/09
KEBELE
12/13
KEBELE
14/15
KEBELE
16/18/21/22
KEBELE
17/19/20
KEBELE 0
KEBELE 02
KEBELE
09/10
KEBELE 05
Total

2
3
4
5
6
7
8
9
10
11
11

Total number Proportion in % Sample
households (N) out of (N)
Size( S)
8,440
10.6%
41
7,565

9.4%

36

4,722

5.9%

23

6,211

7.7%

30

22,265

28%

106

3,309

4.1%

16

5,589

7%

28

7,061
1,940
8,325

8.8%
2.4%
10.5%

34
9
40

4,445
80,174

5.5%
100%

22
385

(Source: CSA; 2007).
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Part-II Experimental Part
Since, this study was focused on solid waste composition and charactering waste in Bole sub
city, the sampling system attempted to include all waste sources, such as manufacturing
activities, residential, industrial, institutional and commercial establishments. During the study,
the mean daily solid waste generation rate by weight and volume of 1031 samples (385
residences, 358 commercial establishments, 208 institutions and 80 industries) of was collected
for two weeks. After the waste collected from each source, it was sorted and weighed. Each solid
waste type by composition, were calculated and presented in tables, graphs and figures.)

3.5. Preparation of the Sorting Area
A place with adequate light and shed, with a smooth concrete floor was selected as a sorting area.
The sorting area was well ventilated and convenient to do the intended job and easily accessible
to transport the waste samples to the area, and close to any municipal solid waste communal
collection container or bins. The selected sorting area was half walled hall to protect the team
from bad smell or odor, birds, insects and the weather.

3.6 Collection, Weighing and Sorting Waste
In order to get accurate data on composition of waste, samples of waste collected and spread on a
blue plastic sheet stretched on the floor in the prepared area for sorting. Materials were sorted
from big to small, and classified into several categories by manual sorting. Finally the volume of
the individual components was measured with appropriate sized wood buckets. The weight of
wastes was measured with weighting scale. Major waste components are: food wastes, paper,
textile, plastic, cardboards, yard wastes, wood, leather, rubber, miscellaneous organics, metals,
glass, ash and dust/ sweepings.
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3.6.1 Sorting waste by type
First waste was put on a blue plastic sheet stretched on the floor of sorting area and have been
sorted in to different types of components (plates 2, 3, 4 &5).

Plate: 1 Collected waste on a stretched plastic

Plate: 3 Plastic wastes

Plate: 2 sorting waste by type

Plate: 4 paper and plastic wastes

3.6.2 Sorting by particle size
After recording the total weight and volume of waste components, each component of waste was
sorted by its particle size with wire meshes of sizes 50 mm. First, wastes were placed on the 50
mm wire mesh, and then weight and volume above and below the mesh wastes were taken.

3.7 Statistical Data analysis
For data analysis, the important considerations taken were: producing results, which were
representative with high confidence levels with minimum costs, and the future projections
incorporating population and socio- economic growth and technological development. SPSS
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(Statistical Package for Social Science) data analysis method was used for the analysis of solid
waste quantity and composition data. Questionnaires were also summarized as per the required
condition. Each solid waste type by composition, were calculated and presented in tables, graphs
and figures.

3.8 Materials and equipment
Materials for the survey were obtained partly from local materials. Some of these were wood
buckets for volume measurement. Those buckets were designed to measure 0.1 L; 0.25L 0.5 L
and 1 L. A 50mm of wire meshes was also used, to separated waste according to its size. 10mm
thick blue plastic sheet to cover the floor, plastic bag for collection and sorting of wastes, and
thrash bag for collection of the already processed wastes were used. Materials such as protective
devices such as gloves, eye goggles, respiratory mask, overall clothes, capes and plastic boot
shoes required for the study were supplied. Instruments such as smaller range mobile weighing
scale; video and digital cameras to record the research process and field observation were used.

Plate: 5 materials and equipments
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3.9 Limitations of the Study
The population number for this study was taken from Bole sub city Trade and industry bureau for
commercial establishments, industries, finance and insurance, social services and others. The
population number for residences and institutions (schools, clinics, government centers) is taken
from CSA, 2008 housing units and each sub city Office respectively. Particularly the sub city‟s
Trade and industry Bureau has a data only for those who have registered. However, there might
be commercial establishments who have not yet registered so that those who have not registered
are not included in this study because it is not possible to access them by the time and budget
resource of this research. There are also some major limitations of the method that may affect the
results of this study in some ways. First, waste generation rate and composition depend on
external factors, such as climate, seasons, and location. So the result may vary if repeated in
different climate, season and location. The chemical analysis was intended to do in all
commercial solid waste categories or components. However, due to budget constraint it was done
only in four fractions like food, yard, paper and textiles wastes.

Considering variations between days in waste composition and generation rate, two weeks round
sampling was conducted. However, due to lack of resources and time seasonal variation was not
considered. In general, since no such kind of study has been conducted so far in the in this sub
city, lack of references, baseline data on solid waste generation rates and composition were also
the major problems.
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Chapter Four
Results and Discussion
4.1. Observation
While walking on the Bole sub city inadequate solid waste management observed through
accumulation of waste like papers and plastics on the street, open lands, in drains and in the
commercial areas/gulits (plates:8,9,10 and 11 ), which results a nuisance. Foul odors originating
from decomposing solid wastes, semi-liquid and liquid wastes which are accumulated in the
ditch are disgusting all citizens. Overflowing of wastes from communal containers is also
observed during the field observation, which causes a serious nuisance from smell, flies and
scavenging animals. Street containers are not located in places that are accessible to collection
vehicles and within easy walking distance of all the houses. Residents may be unwilling to cross
a busy road to reach a waste container. People in Addis Ababa walking along streets or driving
along in their cars discard unwanted items on the street such as paper and chewing gum which
can be a considerable nuisance.

Plate: 6 the situation is sever in illegal settlement areas where there are no accessible roads
and communal containers.
In Addis in general and in Bole sub city in particular waste pickers (also known as scavengers
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and waste recyclers) sort waste in street containers, looking for items that they can sell for
recycling. Sometimes they scatter – either around the containers or in a place where they sort
what they have taken – waste that is not useful to them. Since the sub city is one of the fringe
zones of Addis Ababa where settlement and construction of buildings is high, illegal dumping of
waste – usually truckloads of construction and demolition debris – in an unauthorized place is
common; in order to avoid the costs in time and fuel of transporting the waste to the disposal
site, as well as the costs of disposal.

Plate 7: Over flowing of waste from Municipal
Containers

Plate 9: Accumulation of waste on the street

Plate 8: Disposed solid waste in the
river bank

Plate 10: waste disposed on open space
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4.2 Institutional Setting for Waste Management
It is a common perception that improving MSWM means making waste collection and disposal
systems more efficient, raising public awareness and enforcing environmental laws (Solomon
Cheru, 2011). The management of waste in Bole sub city falls under the Sanitation and
Cleansing Management Agency. The key players in the waste management sector in Addis
Ababa as a whole and in Bole sub city are formal and informal operators in the processes of
collection, separation, recycling, reuse and transportation of waste for final disposal at the city
dumping site of Koshe.

Formal operators are those registered and licensed to work, subject to tax and space regulations.
These operators include municipal cleaners and private operators authorized by government; the
latter category includes scavengers, unregistered recyclers. Informal sector waste workers are
self-employed and are not officially registered for tax purposes. They do not receive a salary
from any organization but derive their income from selling what they pick from the waste or
from informal payments from individual households. There are no specific data to be found on
recycler‟s number, how much waste is recycled by them, in Bole sub city.
4.3 Waste generation rates
Municipal Solid Waste Sources and Their Solid Waste Generation
Municipal solid waste consists of highly heterogeneous mass of discarded materials from urban
residences, commercial establishments, institutions, street sweepings, and light industrial
activities. The major sources of MSW in Bole sub city are residential areas, commercial areas,
street sweeping, institutions, and small scale industries. There are about 80,174 residences
(householders), 5,644 commercial establishments, 455 institutions and 100 industries. During
the study, the mean daily solid waste generation rate by weight and volume of 1031
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samples (385 residences(1540 family members), 358 commercial establishments, 208 institutions
and 80 industries) was directly measured for two weeks (summarized in the table below).
After the waste collected from each source, was transported to the sorting house. Weighing was
carried out three times and an average value was recorded. Volume of the waste was also
measured and an average of the three measures was recorded on the data sheet.

Table: 7 waste generation rates of different sources in the sub city
Weight of Solid waste %
Source of solid waste

share Volume of Solid % share

generated per day ( in by wt.

waste generated by vol.

kg)

per day (in L )

Residential areas

560kg

80%

1450.65L

72.7%

Commercial areas

84kg

12%

299L

15%

Street sweeping

35kg

5%

69.83L

3.5%

Institutions

14kg

2%

169.8L

8.5%

Industries

7kg

1%

6L

0.3%

Total

700kg

100%

1995L

100%

36

80%

12%

Residential

Commercial

5%

2%

1%

Street sweeping

Institutional

Industrial

Figure 3 Daily waste generation rate (% by weight)
Table 8 above shows that the mean daily waste generation of SW by wet weight (kg) generated
by

1031 samples (385 households with 1540 family members (peoples), 340 commercial

establishments, 208 institutions and 80 industries) of was directly measured for a week. 700kg
or 1995L is generated per day from these samples. The total quantity of SW (Wt. Kg) generated
in the sub city per day by each source is 119,532.2kg, 1541.7kg, 30.6kg, 15.3kg and 45.2kg for
residences, commercial areas, institutions, industries, and others respectively. It can be seen from
figure 4 that the per source generation rate is higher from residential and commercial sources.
This may address the limited reusing and recycling and also high wet weight of some of the
components of SW generated from these sources (such as food leftover). However, the per
source generation rate is observed to be lower in institutions and industries and other sources
(construction and demolition, urban agriculture, pharmacy, and clinic), the reason may be
due to a better reusing, recycling and low weight of SW generated by these sources. In
addition, based on obtained data the currently produced waste stream (share % by weight)
the majority of wastes can be characterized as household 80%,

the total SW quantity is
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generated by residential sources followed by commercial sources 12%, institutional 2%,
others 5%, and industrial 1%.

The total quantity of SW (Wt. Kg) generated in the sub city per day is 121,164.7kg. Similarly,
the total waste generated in volume is 380167.1L (380.2m3) According to the 2007 population
census, the population of Bole sub city was estimated to be 308,995 at a growth rate of 3.79 %.
Thus the present population of Bole sub city can be estimated as follows.
P‟ = P (1+r)t
P‟ = 297942(1+0.0379)6
P‟ = 386264.27
P‟ = the present population
P = the previous population before t years
r = Growth rate of the population
t = year interval in between P and P‟.

Per capita solid waste generation rate by weight is equal to the total weight of solid waste
generated per the total number of population, so the per capita solid waste of Bole Sub city
becomes 0.31kg. The density of waste can be easily calculated just by dividing the solid waste
generation rate weight by volume and becomes 393.38 Kg/m3. As can be seen the final results of
generation rate of domestic and commercial solid waste in Bole Sub City is 0.31kg per capita per
day by weight and 1.01L per capita per day by volume. And this result shows the significant
difference as compared to former studies in Addis Ababa.
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For a reason of comparison the results of the surveys made on solid waste generation are shown
in Table 9. The results show that the generation rate per capita per day ranges from 0.15
to 0.546 kg, thus, the result of this research study also lies in this range. In addition the
table indicates in general the trend of growing generation rate per capita per day in the city. This
may be due to population increase, increasing living standard, economic growth and growing of
urbanization and industrialization.
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Table 8: Host of researchers report on Addis Ababa SW generation rate
Generation Norconsult,
Rate

1982

Sturdy

Sturdy

Gordon

Gordon,

, 1994

1995

French

Samuel

Mission Shimelis,
2008

Clinton

Nega

This

Climate

Fantahun,

study

Initiative,

2010

UNEP, 2009

2008

Kg Per
capita

0.15

0.221

0.252

0.2

0.546

0.4

0.293

0.31

per day
Density,

0.25-4
(developing

370

205

308

277.66

430

393.38

countries)

Kg/m3
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4.4. Waste Handling
Onsite waste handling refers to the activities related to the handling of solid wastes until they are
placed in the containers used for their storage before collection. Depending on the type of
collection service, handling may be required to move the loaded containers to the collection
point and to return the empty containers to the point where they are stored between collections.
The persons responsible for onsite handling and the auxiliary equipment and facilities that
normally are used at the sources where wastes are generated are households or the one who
generates the wastes.

As one part of the research survey was conducted to assess functional elements associated with
waste management, mainly: on-site handling and storage. In Bole sub city collection and
transportation and disposal of solid wastes are being carried out mainly by governmental
organization. In Bole sub-city there are 75 Micro and Small Enterprises and one private
organization engaged in primarily collection or pre-collection from commercial and household
units to municipal containers. Since Residences generate a larger proportion of waste in the sub
city a survey was conducted on their onsite waste handling
4.4.1Solid waste storage
Table 9: Solid waste storage of households
Storage type

Households

Percent

Trash bag

276

71.7%

plastic bag

33

8.6%

Others

37

9.6%

Not responded

39

10.1%

Total

385

100.0
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As shown in table 10 most households 276 (71.7 %) use trash bag for their temporary waste
storages. This is because it is longer lasting than plastic bags. Its size also has contribution to its
preference and for most families it accommodates a week round wastes. Moreover, it is
convenient to handle when wastes are transported by carts from houses to containers. Some
households especially who dispose or transfer their wastes to containers themselves use plastic
bags. This accounted for 8.6% (33). The rest 37 households (9.6%) use other materials such as
baskets, metal buckets, cartoons etc. as their temporary waste storage.

4.4.2 Waste Reuse
Table 10: Conditions of Waste reuse
Reuse

Households

Percent

No

317

82.3%

Yes

68

17.7%

Total

385

100.0

Householders were amazed when they were asked that whether they reuse or sell their solid
wastes; rather than replying to the question they in turn asked how waste could be reused or sold.
For most of them the question is unexpected. However, after discussing what I wanted to say and
convincing, most of them responded positively. Table 11 & 12 shows families that reused waste
and types of waste that are being reused respectively. As can be observed from table 11, 68
households (17.7 %) reused some kinds of wastes (food, wearing and utensils), while the rest 317
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households (82.3%) dispose their waste without reusing.

Table 11: Types of solid wastes reused
Wastes

Households

Percent

Food wastes (home compost)

28

7.3%

Paper, wood, plastics (for fuel)

19

5%

Cans and bottles (reuse)

21

5.4%

Not responded

317

82.3%

Total

385

100.0

Among respondents, 28 households (7.3%) compost or reuse food and vegetable wastes to enrich
their gardens soil. Cans, bottles and other packaging materials are being reused by 21 households
(5.4%) and 19 households (5%) reuse paper, wood, plastic and yard trimmings as fuel (fire
wood).
4.4.3 Changed or sold wastes
Table 12: Changed or sold wastes
Waste items

Households

Percent

Cloths & Shoes

28

7.3%

Metal discards and utensils

14

3.6%

Plastic and glass bottles

21

5.5%

No responded

322

83.6%

Total

385

100%

Similarly, households that sold wastes or exchanged wastes for plastic and other utensils are
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shown in table 13. From table 13 most of the households 322 (83.6%) do not change their cloth
wastes for plastic and other utensils to “Lewach” or sold their wastes to “Qorales”. The
remaining households 28 (7.3%) exchange their worn out clothes and shoes to “Lewach” for
glass, plastic and for other household utensils. 35 households(9.1%) sold their worn-out shoes,
plastics and glass bottles and metal discards to “Qorales”.

4.4.4 Solid waste combustion (burning)
In the ideal incineration process, hydrocarbon compounds of the combustible refuse combine
chemically with oxygen of the air to form carbon dioxide and water, and leave the minerals and
the metals as solid residue. This chemical reaction releases high energy, which can sterilize the
residue, destroy odorous compounds in the refuse, and convert the water in to vapor which
together with the carbon dioxide, becomes an acceptable and invisible part of the atmosphere
(Baum and Parker, 1974). If the constituents are not intimately mixed in the proper proportions,
and if they are not sustained at the proper temperature for the proper length of time, the reaction
will be incomplete and undesirable products and effects may result. An uncontrolled rubbish fire
which causes smoke, air borne particulate matter, odors and putrescible residue is an example of
incomplete combustion. According to this study, some households burn (incinerate) their
combustible wastes reduce the volume of the wastes that would cause them to pay high charges
for pre-collections.
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Table 13: Solid waste mass burning (incineration) condition of households
Waste burning

Households

Percent

No

285

74%

Yes

100

26%

Total

385

100.0

As shown in table 14; 100 households (26%) burn part of their combustible wastes such as paper
yard trimmings. The rest 285 households; (74%) never to combust waste at all.

4.5. Waste Collection
Solid waste collection in general in Addis Ababa is divided in to two sub-systems - primary and
secondary collection.

4.5.1 Primary Collection
Primary collection is done by micro and small enterprises. These enterprises have formal
agreement with sub-city administrations to collect waste from households or business
establishments and dump them in designated containers. Households that are near to the
containers take their waste by their own and dump there. There are 75 micro and small
enterprises organized to pre-collect waste from household. They collect solid waste using a doorto-door method. The associations‟ direct links to the waste management apparatus are the woreda
which are subset of sub-city. This chain is reflected both in the collection of waste as well as
payment mechanism. Once the waste is pre-collected by the individuals, it is dumped in
containers which are picked by the sub-city which then dumped at the City‟s landfill. The
payment collection system follows a reverse cycle. Until recently fee collections used to be done
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by the city which is now transferred to woreda administrations. The woreda offices also make the
payment to the associations or individual waste pre-collectors.

4.5.2 Secondary Collection
Secondary Collection is a system whereby solid wastes are transported from containers to the
final dumping site. This is usually undertaken by the municipality which represents the highest
level in transportation system. The role of the private sector on transportation of solid waste in
this system is limited. Currently in the city collects 87.67% of the waste from containers and
dump it in „Repi‟: the only „functional‟ open dumping site. According to the SBPDA (2004), the
open dump site started its function at the late 1960‟s. „Repi‟ is only13km away from the center
with dumping area of about 30 hectares. It is estimated that so far dumped on the site is about 9.3
million cubic meters of solid wastes. The solid and semi-solid wastes, in Bole sub city and other
parts of the city, from households, business centers, hospitals, from factories including chemical
and street sweepings are dumped indifferently on the site. The present method of disposal is
crude open dumping: hauling the wastes by truck, spreading and leveling by bulldozer and
compacting by compactor or bulldozer.

Plate 11: A truck taking waste from secondary storage sites to a dump
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4.5.3 Road access to containers
Due to the fast growth in economic activities and constructions, the sub city has better in inner
and main roads. Recent construction activities of cobblestone roads made all most households to
have access to main roads and other services. Therefore, all conventional households have access
to communal solid waste containers. Some unconventional households do not have access to
waste storage containers.

4.5.4 Distance from containers
Regarding distance from houses, most of the households are far away from the containers (table
15). Only 77 households (20 %) are within the radius of 100 meters, 93 (24.2 %) are found in
between 100-200 meters and 89 households (23.1%) are found between 201-500m. The rest 77
(20 %) of the households have to move more than 500 meters to reach the container. There are
also families, 49 (12.7 %) who do not know where the container is cited.
Table 14: Distances of containers from households
Distance

Households

Percent

< 100 meters

77

20%

100 - 200 meters

93

24.2%

201_500 meters

89

23.1%

> 500 meters

77

20%

No response
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12.7%

385

100%

Total

4.6 Fees and Charges
The introduction of service charges in the area of solid waste management is getting
much attention due to continuous financial shortage of the city government to provide this
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service at an acceptable level. The pricing of this service is believed to bring efficiency and
sustainability in this area (Aklilu Amiga; 2002).

4.6.1 Charging directly for waste service
One approach to the financing of waste system in the sub city is to obtain payment from
those who benefit from the service. On the simplest level, waste generators benefit from
collection service, particularly households pay directly for their own waste removed on the basis
of how much waste they are setting out or economic condition. This system of unit fees for
waste removal in the sub city works well and represents sound practice when individuals
want to get rid of their waste and can afford the fees. It works poorly when people are too poor to
pay fees, when the fees are simply too high, or when there are ready alternatives and no
control for disposal of wastes, such as by throwing them into open areas. Fees are used
to finance waste collection or other aspects of the waste system, but not yet used as
incentive to generators to create less waste.

4.6.2 Indirect charges
In some locations, charges for waste are linked to other public services that people are
willing to pay for, such as water or electricity bills. Including waste charges in water
allows some cost recovery; studies have shown that water and electrical energy
consumption are rough indicators of waste generation. Charges and fees can also be used as
incentives to encourage “good behavior” and to discourage “bad behavior” for example,
the price of disposal can be increased and the cost of materials recovery subsidized to
give people incentives to source separate. In some instances in the sub city, fines are used to
discourage illegal dumping.
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4.7 Characterizing Municipal Solid Waste (MSW) generated in Bole sub city
Waste cannot be effectively managed at any level without a good understanding of what it
comprises, how much there is, who makes it, what happens to it, and what its effects are
(UNEP, 2009). Solid waste streams should be characterized by their sources, by the types of
wastes, as well as by generation rates and composition. Accurate information in these three areas
is necessary in order to monitor and control existing waste management systems and to make
regulatory, financial, and institutional decision.

4.7.1 Physical composition: In order to determine the composition of waste, a waste sample was
classified into several categories by manual sorting. A sample waste was spread a prepared sheet
on the floor. Materials were sorted from big to small. Finally the individual waste components
were weighed.
Table 15 Composition of organic and inorganic content of Bole Sub City solid waste
Sr.No Waste category

Wt. (kg)

Vol. (L)

% By weight

% By volume

1

Food leftover

206.6kg

441.4L

36%

29.5%

2

Paper

50.2kg

212.5L

8.75%

14.2%

3

Plastic

51.7kg

254.3L

9%

17%

4

Textile

14.4kg

45L

2.5%

3%

5

Cardboard

8kg

37.4L

1.4%

2.5%

6

Yard

66kg

239.4L

11.5%

16%

7

Wood

2.3kg

6L

0.4%

0.4%

8

Leather

2.3kg

7.5L

0.4%

0.5%
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9

Rubber

2kg

4.5L

0.35%

0.3%

10

Mis. Organic

37.3kg

60L

6.5%

4%

11

Metal

2.3kg

3L

0.4%

0.2%

12

Glass

1.7kg

6L

0.3%

0.4%

13

Ash/dust

129.5kg

179.5L

22.5%

12%

Total

574kg

1496.2L

100%

100%

As can be observed from the above, from the percentage composition of solid waste fractions by
weight and by volume, food waste takes the largest proportion followed by plastics, yard and
paper waste consecutively. Figuratively, Food waste share 36%, 29.5 % of the total waste
generated in households and plastic contributes about 9% , 17% , yard is about 11.5 %, 16 % and
paper is 8.75%, 14.2 % and the rest as a whole contributes 34.75 %, 23.7 % by weight and by
volume respectively.

As can be seen from table 12, from the total solid waste generated in Bole sub city 79.55% by
weight and 75.7 % by volume is compostable solid waste like food, paper, yard, textile and
wood. From

this information one can conclude that, there is great potential for compost

production in the sub city and indicates the possibilities of reducing burdens by diverting to
compost areas rather than taking it in to the land fill(dump: Reppi ).

50

non
biodegradsble,
20.45%

Biodegradable
, 79.55%

Figure: 4 Biodegradable and non-biodegradable solid waste composition (% by weight)

Solid waste composition by volume
29.50%

17%

16%

14.20%

12%
3%

2.50%

4%
0.40% 0.50% 0.30%

0.20% 0.40%

Figure 6 Overall daily generated SW composition (% by Volume)
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4.8 Challenges currently facing Waste collection in Bole sub city
1) Poor infrastructure of the sub city in some areas, which makes some part of the sub
city inaccessible;
2) Lack of properly designed collection route system and time schedule;
3) Lack of proper collection of containers and lack of emptying containers when full;
4) Lack of enough trucks and lack of proper truck maintenance;
5) The population of the sub city lacks awareness to participate of promotion on waste
reduction, recycling and composting.
6) It is believed that out of the sub city's critical problems lack of well organized
demographic and socio- economic data/information is a serious problem
("information poverty").
7) Finally Bole sub city is located in the eastern fringes of Addis where there is rapid
population growth and settlement is high, which results in increasing the size of waste
generation, continuous challenging the government‟s effort of meeting one of the
Millennium

Development

Goals

(MDG‟s)

i.e.

“Ensuring

Environmental

Sustainability” by 2015.

4.9 Opportunities to improve the situation in Bole sub city
1. Among the total population, 239,362 (77.5%) is literates (CSA; 2007). Among this literates
191,661(80%) are working age (15-64 productive age). Therefore, the perception of the society
towards waste will be easily changed.

2. A number of rich people live in this sub city. Therefore, if the Cleansing Management Office
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of the sub city calls them to participate on the waste collection and disposal for their own
purpose, at least they will participate as being a finance source.
3. Many countries‟ Embassies and NGOs are found in Bole sub city. Therefore, if the sub city‟s
waste Cleansing Management Office works collaborate with different stakeholders, it can
improve its waste management practice.
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Chapter Five
Conclusions and Recommendation
5.1 Conclusion
Solid Waste Management is one of the important obligatory functions of not only urban local
bodies but also of rural local bodies. But this essential service is not efficiently and properly
performed by the concerned bodies of Addis Ababa in general and in Bole sub city in particular.
As a result while walking on the Bole sub city inadequate solid waste management is observed
through accumulation of waste like papers and plastics on the street, open lands, in drains and in
the commercial areas/gulits, which in turn results in various sanitation, social and environmental
problems. The introduction of many new consumer products and convenient goods to the modern
lifestyles of the local population has also added pressure onto the need for proper management,
treatment and disposal of the waste generated from their consumption. Consumer items such as
electrical and electronic equipment, batteries, household cleaning agents, medicines, lubricant
oils and packaging materials all contribute to new types of waste that are hazardous or toxic to
the environment and public health when disposed of improperly. Even more worrying is that the
long-term effects of some of these wastes are still relatively unknown. Presently, these wastes are
being improperly disposed off in landfills as conventional waste as local authorities may not be
aware of their adverse impacts.

The total

quantity of SW (Wt. Kg) generated in the sub city per day is 121,164.7kg

(380167.11L). Out of the total waste generated in monthly (11406m3) 10,000m3 (87.67% is
collected and transported to the dumping site without any primary treatment and spends 500,000
birr. Households are the principal waste generators in Bole sub city, which account for over 80%

54

of the sub city‟s waste, followed by commercial establishments and institutions that account for
around 12%, and 3%, respectively. The collection and transportation of solid waste in the sub
city is not only inefficient but also lack in the required capacity for covering all the areas under
its jurisdiction. Many factors contribute to this situation; constraint of resources such as
insufficient capital for investment in vehicles and equipment as well as the lack of
comprehensive planning to optimize the waste handling operations. However, the planning and
management of solid waste has become increasingly complex with respect to the consumption
patterns of the local population, growing economic activities, the many different modern types of
waste being generated that include hazardous wastes from households as well as the many
options and technologies now available for the handling, treatment and disposal of waste. In this
respect, local authorities at present lack the required knowledge, financial capacity and technical
expertise to properly choose, plan and implement contemporary approaches to address current
challenges.
The main problems of solid waste management of the sub-city administration are: the absence of
up to-date first-hand information (baseline data) on sub-city solid waste status, in addition
geographical and urban structure of the sub-city makes some part of the sub city inaccessible,
inadequate resource mobilization, low coverage in the provision of service, lack of properly
designed collection methods, absence of cost recovery, lack and shortage of proper solid waste
collection, storage and transport facilities, equipments and vehicles maintenance and
replacement, absence of proper disposal of wastes, lack of public awareness, absence of
incentive systems, lack of private sector involvement, poor condition of the final dumpsite as
well as lack of promotion on waste reduction, recycling, reuse and composting. And more critical
problem associated with the waste management in the city and sub city in particular is laws
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governing MSWM often are not enforced. This is worsened by financial mismanagement which
results in persistence lack of funds to expand and improve municipal solid waste handling
capacities as well as capacity–building. Currently there is no whatsoever form of recovery,
treatment or modification of the solid waste collected by the sub city. However, there already
exist markets for some of the valuable waste such as, aluminum cans, ferrous materials as well as
second hand items. The amount of such waste being recycled by informal waste pickers is
presently unknown
From this study it is concluded that separation at source is the most effective solution in the
waste management hierarchy. It is extremely important to reduce waste generation at source, to
minimize the amount of waste disposed off at landfills and to maximize resource efficiency and
as well as strengthening partnership with stakeholders such as NGOs and community-based
associations (traditional associations, Equb, Idir etc).

5.2 Recommendations
The estimates indicate that over 79.55% of the refuse from most households is largely
vegetable, biodegradable organic waste which has a potential for replacing inorganic
fertilizer to save foreign exchanges earning, also strengthening and implying rural-urbanlinkage. Therefore, composting has to be promoted by all actors who have the concern in
poverty alleviation‟s and environmental protection.
Solid waste workers are highly exposed to health related problems. Therefore, the waste
management officials are expected to provide health related educations either on-job or prior
to job training.

This will reduce the health risk of employees because most of the

employees are now working without hygienic protective materials.
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The activity waste collecting and disposing at the final dump site is nearly monopolized by
the municipality. The collected waste stays for days and even a week at municipal
containers and transfer stations. The municipality alone cannot solve this problem. The
municipal government should encourage public-private partnership to involve private
investors to participate in transporting waste to the final dumpsite.
In order to improve the low practice of recycling in the sub city, waste collector enterprises
should provide hand craft skills to their collector workers and the hand craft skills training
should be given based on the recently completed rapid market appraisal marketable products
from solid waste.

Qorales work contributes in a significant way for the recycling and reuse of wastes. But
they work on temporary base and their income is not regular. Therefore, conditions
should be established for them to change their informal & traditional associations, like
“Equb” and “Idir” to formal associations.
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July, 2013

Hello! Sir/Madam.My name is Berhanu Ayalew. I am a second year extension graduate student in
the Center for Environmental science, College of Natural Science, Addis Ababa University; I am
currently working on my thesis research entitled “Solid Waste Management Practices in Addis
Ababa: Challenges and Prospects: The case of Bole sub city”
This is therefore to request your cooperation to allow me to get information on the current
conditions of solid waste management practices in Bole sub city for my thesis research work by
filling the questions given bellow.
The information collected will be confidential and for academic purpose only. Thus you are
requested kindly to participate in this discussion as truth fully as you can.
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Annexe 1: Questionnaire for socioeconomic data collection
1. Householder‟s name _____________________ house no.____ sex ______ age ____education
_______, family size male ______female ______ total _____ family‟s income ______________.
2. Ownership of the house: private ______, kebele _____ Agency _______, individual‟s ______,
other ___________, No. of rooms _________.
3. Kitchen facility No ______ traditional _____, modern ______ private _____, shared ___.
4. Source of energy:
A. Electricity ______________________
B. Charcoal, Kerosene _________________
C. Charcoal, wood, paper, dung ________________
D. Wood, dung, yard trimmings __________________
5. Tap water facility No _____, Yes _____ Private ______, shared ______, public ______
6. Toilet facility No ____ , Yes ___ Private ________, shared ________, public _____ Dry pit
_________ , water flushed _________
7. Do you have contractual agreement with „micros‟ (MSE) that collect and transport wastes to
containers? Yes ____, No______. If yes, how much do you pay them monthly? ________
8. Is the existing waste management of the municipality satisfactory? Yes ___, No____.
If no. what measures should be taken to improve?
______________________________________________________________________________
______________________________________________________________________________
__________________________________________________________________
9. Whom do you expect to cover the expenses of the improvement? Public ____,
government___, NGO _________, others _____________ .
10. Do you have temporary solid waste storage in your home? Yes ___ No ____If yes what kind
of storage? ____________
11. Do you reuse household wastes? Yes ______ No ____
If yes what kinds of wastes? _______
12. Do you use household wastes for fuel? Yes ______ No ____
If yes, which wastes? ___________________________
13. Do you use wastes as soil fertilizer? Yes ______ No ____
If yes, which type of wastes? _______________________
14. Did you sell household wastes? Yes ______ No ____
If yes, what types of wastes? _____________________________________________________
To whom did you sell or changed? _________________________________________________
15. Do you burn solid wastes? Yes ______ No ____
What kinds of wastes do you burn? ___________________________________ Have you
arranged a place for waste burning? Yes ______ No ____
16. Is there accessible road to the nearest container? Yes ______ No ____
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17. How far is the container from your home? __________________________
18. What means do you use to transport wastes?
A. By hands (ourselves)_________________
B. Hand pushed carts (kurkur) ______________
C. Horse drawn carts ________________
D. Others, specify _______________
19. Is there anybody who monitors that waste is properly collected and transported to the
disposal site? Yes ______ No ____ If yes, who? ___________________
20. What actions do they take on persons who improperly dispose wastes?
___________________________________________________________
21. What types of wastes are common in?
A. Rainy season? _________________
B. Dry season? ___________________
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Annex 2: Questionnaire for interviewing sub city authorities.
1. Do you have contractual agreement with „micros‟ (MSE) that collect and transport wastes to
containers? Yes ________, No________. If yes, how much do you pay them monthly?
_____________
1.1 How many „micros‟ (MSE) are engaged on waste collection and transport system in Bole
sub city? ____________
1.2 Did the private sector start collecting services? If not what problems faced it to start?
______________________________________________________
1.3 If yes how many private organizations are involved on waste collection services in the sub
city? _____
1.4 How much solid waste is generated in Bole sub city in daily, monthly & yearly (in kg, m 3,
tone)? _____
1.5 What are the shares of:
A) Street sweepings _____?
B) Households‟ _____?
C) Commercial areas _____?
D) Industries _____?
E) Hotels _____?
F) Institutions (schools, hospitals, government centers …) ____?
1.6 Is the volume or rate of waste produced varies from day today, month to month and season
to season?
1.7 What percentage of is it collected, recycled, and composted? Where shall go the remaining?
____, ____ & _____
1.8 Is there any difference on solid waste generation rate on different income groups? If yes
A) Low income group waste generation rate (kg/capita/day) __________
B) Middle income group waste generation rate (kg/capita/day) ________
C) High income group waste generation rate (kg/capita/day) _________
2. Is the existing waste management of Bole sub city satisfactory? Yes ________ , No________.
2.1 If no. what challenges and problems caused the waste management unsatisfactory?
______________________________________________________________________________
______________________________________________________________________________
__________________________________________________________________
2.2 What measures should be taken to improve?
______________________________________________________________________________
______________________________________________________________________________
__________________________________________________________________
2.3 Whom do you expect to cover the expenses of the improvement?
Public________, government __________, NGO _________, others ___________
2.4 Are there prospects (good opportunities) to improve solid waste management in Bole Sub
City? Yes ______ No_____
If yes what are the good opportunities to improve the situation?
______________________________________________________________________________
______________________________________________________________________________
__________________________________________________________________
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3. Are there temporary solid waste storages at household level? Yes ______ No ____ If yes what
kind of storages? ____________
4. Do the public reuse wastes? Yes ______ No ____
If yes:
4.1 What kinds of wastes? ____________________________________________
4.2 For what purpose? _______________________________________________
5. Are there households that use wastes for fuel? Yes ______ No ____
If yes, which wastes? ___________________________
6. Are there households that use wastes as soil fertilizer? Yes ______ No ____
If yes, which type of wastes? _______________________
7. Are there households that sell wastes? Yes ______ No ____
If yes,
7.1 What types of wastes? __________________________________________
7.2 To whom did they sell or changed? __________________________________
8. Are there households who burn solid wastes? Yes ______ No ____
8.1What kinds of wastes do they burn? ___________________________________
8.2 Have they arranged a place for waste burning? Yes ______ No ____
9. Are there accessible roads to the nearest container for every household? Yes ______ No ____
10. How far containers from households in average? _____
11. What means do waste collectors use to transport wastes?
A. Hand pushed carts ______________
B. Horse drawn carts ________________
C. Others, specify _______________
12. Is there anybody who works coordinately with the sub city‟s solid waste management Bureau
on that waste is properly collected and transported to the disposal site? Yes ______ No ____
If yes, who? ______________________
13. What actions does the sub city‟s waste management bureau take on persons who improperly
dispose wastes?
______________________________________________________________________________
______________________________________________________________________________
__________________________________________________________________
14. What types of wastes are common in?
A) Rainy season? _________________
B) Dry season? ___________________
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Annex 3

Data sheet for composition analysis (volume & weight record)

Category

Food
waste

Day

Total
50 mm
10 mm

Paper

Total
50mm
10mm

textile

Total
50mm
10mm

Plastics

Total
50mm
10mm

1
w

v

2
w

v

3
W v

4
w

v

5
w

v

6
w

v

7
w

v

8
w

v

AV
w
v

Ab
Be
Ab
Be
Ab
Be
Ab
Be
Ab
Be
Ab
Be
Ab
Be
Ab
Be
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Cardboard

Total
50mm
10mm

yard waste Total
50mm
10mm
Wood

Leather

Total
50mm
10mm
Total
50mm
10mm

Rubber

Total
50mm
10mm

Mics.
Organic

Total
50mm
10mm

Metals

Total
50mm

Ab
Be
Ab
Be
Ab
Be
Ab
Be
Ab
be

Ab
Be
Ab
Be
Ab
Be
Ab
Be
Ab
Be
Ab
Be
Ab
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10mm
Glass

T0tal
50mm
10mm

Ash dirty

Total

Be
Ab
Be
Ab
Be
Ab
Be

50mm

Ab
Be
10mm
Ab
Be
Note: - Ab = Above
Be= Below
W=Weight
V=Volume
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Annex: 4 Definitions
Textiles
Textiles in MSW are found mainly in discarded clothing, although other sources were identified
to be furniture, carpets, tires, footwear, and other nondurable goods such as sheets and towels.
Wood
The sources of wood in MSW include furniture, miscellaneous durables (e.g., cabinets for
electronic equipment), wood packaging (crates, pallets), and some other miscellaneous products.
Food Wastes
Food wastes included here consist of uneaten food and food preparation wastes from residences,
commercial establishments (restaurants, fast food establishments), institutional sources such as
school cafeterias, and industrial sources such as factory lunchrooms.
Yard Trimmings
Yard trimmings include grass, leaves, and tree and brush trimmings from residential,
institutional, and commercial sources.
Rubber and Leather: The predominant source of rubber in MSW is rubber tires from
automobiles and trucks. Other sources of rubber and leather include clothing and footwear and
other miscellaneous durable and nondurable products. These other sources are quite diverse,
including such items as gaskets on appliances, furniture, and hot water bottles, for example.
Plastic resins are also used in a variety of container and packaging products such as polyethylene
terephthalate (PET) soft drink bottles, high-density polyethylene (HDPE) bottles for milk and
water, and a wide variety of other resin types used in other plastic containers, bags, sacks, wraps,
lids, etc.
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Paper and Paperboard
By any measure, the many products made of paper and paperboard, taken collectively, are the
largest component of MSW in developed countries. The wide varieties of products that comprise
the paper and paperboard materials are classified as either nondurable goods or as containers and
packaging, with nondurable goods being the larger category.
Glass
Glass is found in MSW primarily in the form of containers, and also in durable goods like
furniture, appliances, and consumer electronics. In the container category, glass is found in beer
and soft drink bottles, wine and liquor bottles, and bottles and jars for food, cosmetics, and other
products.
Plastics
Plastics are a rapidly growing segment of MSW. Plastics are found in durable and nondurable
goods and in containers and packaging, with the latter being the largest category of plastics in
MSW. In durable goods, plastics are found in appliances, furniture, casings of lead-acid batteries,
and other products. Plastics are found in such nondurable products as disposable diapers, trash
bags, cups, eating utensils, sporting and recreational equipment, shower curtains, etc. The plastic
foodservice items are generally made of clear or foamed polystyrene, while trash bags are made
of high-density polyethylene or low- density polyethylene.

Miscellaneous Inorganic Wastes
This relatively small category of MSW is also derived from sampling studies. It is not well
defined and often shows up in sampling reports as “fines”or “other.” It includes soil, bits of
concrete, stones, and the like.
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Housing unit
A housing unit is defined as a separate and in dependent place of abode, either intended for
habitation or not intended for habitation but occupied as a living quarter by a household at the
time of the study. A housing unit may at the time of the census be occupied by one or more
households or may be used partly for living and partly for commercial establishment.
Residential Housing Unit is defined as a housing unit used only for habitation at the time of the
survey.
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