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S UMMARY IN S WEDISH
Avfall har kontinuerligt producerats så länge som människa existerar.
Och avfall kan betraktas som en urban börda eller som värdefulla resurs
baserat på hur det hanteras. Därför är det mycket viktigt att förvalta och
processa avfall. Den snabba befolkningstillväxten på jorden gör det till en
utmaning att strukturera och utforma ett ordentligt avfallshanteringssystem.
Under de senaste åren har oron för miljöföroreningar ökat globalt. Hantering av fast hushållsavfall är en av de mycket allvarliga miljöfrågor som
behöver en omedelbar uppmärksamhet från kommunala myndigheter
både i utvecklade länder och utvecklingsländer. Nästan hälften av städerna i de minst utvecklade länderna har ingen avfallshantering. Detta innebär att utvecklingsländerna måste arbeta hårt för att kunna lyckas hantera
avfall. Idén som tillämpas i denna studie är att använda kunskapsöverföring från de utvecklade länderna.
Som ett väl utvecklat land är Sverige Östersunds kommun tagen som en
förebild för att förbättra och kunna utforma det kommunala fasta avfallssystemet i Addis Abeba, Etiopien. Addis Abeba som är en av de tätbefolkade städerna i det minst utvecklade landet, Etiopien har inte ett
ordentlig fast avfallshanteringssystem. Därför är det praktiskt att ta Sverige som ett exempel för att lära sig ett miljömässigt sätt att hantera fast
kommunalt avfall. Efersom Sverige har satt upp tydliga mål för att hantera kommunalt avfall på ett hållbart sätt och försökte hantera fast kommunalt avfall i ett miljömässigt riktigt sätt.
Syftet med studien är att skapa ett korsstudie på fast avfallshanteringning och återvinningssystem mellan utvecklade och utvecklingsländer
genom att jämföra och analysera de två olika hanteringsmetoder för att
kunna få en praktisk lösning för en modern och kompatibla fasta avfallshantering och återvinningssystem.
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S UMMARY
Waste is contineously produced as long as human being exists. And
waste can be considered as an urban burden or as valuable resours based
on how it is managed. Therefore it is very important to properly manage
and process waste. The rapid population growth on earth makes it challenging to structure and design a proper waste management system that
copes.
In recent years, the concern for environmental pollution has been increased globally. Municipal Solid Waste Mnagement is one of the very serious environmental issues which need an immideate attention from municipal authorities both in developed and developing countries. Almost
halv of the cities of least developed countries have no service for solid
waste management. This implies that developing countries need to work
hard to be able to succeed in managing waste. The idea of using the
knowledge transfer from developed countries is applied to this study.
As a well developed country, Sweden Östersund Municipality is taken as
a role model to improve and properly design the municipal solid waste
management system in Addis Ababa, Ethiopia. Addis Ababa being one
of the highly populated cities in the least developed country, Ethiopia
doesn’t have a proper solid waste management system. Thererfore, taking Sweden as an example to learn the enviromenttally sound manner of
managing municipal solid waste is practical. Because Sweden has set up
explicit goals to manage municipal waste in a sustainable manner and
tried to manage municipal solid waste in an environementally sound way.
The aim of the study is to create a cross study on solid waste management and recycling system between developed and developing country
by comparing and analyzing the two different management practices in
order to be able to get a practical solution for a modern and compatible
solid waste management and recycling system.
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A BSTRACT
Lack of genuine concern for solid waste management practices and inefficiency of solid waste management system is one of the greatest environmental issues in Addis Ababa, Ethiopia. The Current Municipal Solid Waste Management System is extremely
inefficient and ineffective. An illegal waste dumping, inefficient waste collection, and
informal recycling are some of the issues that need to be immediately rectified. Therefore, this study was conducted in order to get a knowledge transfer from a developed
country, Sweden, Östersund Municipality. The practical waste management and recycling activities undertaking in the city of Östersund have been assessed, evaluated and
discussed in the study. Physical site visits, surveys, informal interviews, and group discussions have also been conducted to be able to draw an immensely useful and tangible recommendation for the improvement of Solid Waste Management and Recycling
Scheme in Addis Ababa. Based on the experience acquired from Östersund the entire
Solid Waste Management system in Addis Ababa has been evaluated and useful discussions, recommendations, and conclusions have been drawn. Besides as recycling is
one of the most significant waste management hierarchy components, it should have
been given top priority in reducing the amount of waste generation in developing
countries like Ethiopia. However, the recycling activities taking place in the country
are highly limited and informal. Moreover, evaluation of the potential of recyclable
wastes in Addis Ababa, discussion on how and why recycling needs to be given precedence and later comparison is made with Östersund Municipality in order to be able
to gain knowledge from the Swedish experience. Besides, discussions were made in
order to address decisive measures that need to be taken to implement the Swedish
experience in the Solid Waste Management and Recycling sector in Addis Ababa
Ethiopia in an environmentally friendly and economical way.
Key words: Municipal Solid Waste Management, Recycling, Waste Management Hierarchy

I NTRODUCTION
Population growth and an increase in industrial activities resulted in production of the large amount of wastes that include Municipal, Commercial, Sewage sludge, mining & quarry, Construction and demolishing and
Industrial waste. As waste production is directly proportional to population propagation and industrial development, the impact of waste to the
environment has increased globally for the last few decades.
Solid waste generation rates & its composition vary from country to country depending on various variables such as socio-economic development, industrialization, urbanization & way of life. As in Asia, Africa’s population is mainly rural at
present. However, Africa is also experiencing a high rate of urbanization at 4 to
5% per annum and by 2025, urbanization can be similar to Asia. This high rate of
urbanization can lead to serious environmental degradation. (Reddy, 2011)
Moreover, the consciousness of people regarding waste management varies with
country. The fact that the production and composition of waste is diversified and
the mixture of a community make solid waste management a complex phenomenon.
Ethiopia being one of the developing countries has increased its concern
for environmental degradation in recent years. (Addis Ababa City
SBPDA, 2003). However, the inadequacy of waste management infrastructures and services leads to environmental quality degradation and
public health threat. Besides, a large amount of biodegradable and Haz-
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ardous waste disposes of in landfills instead of using other waste management alternatives such as recycling, composting or incineration. As a
result, the disposed waste results in contaminated leachate and methane.
In Sweden, (particularly in Östersund Municipality) waste management
practices are well designed. The municipality has a solid waste management system that takes care of the waste from households and some
businesses. As a result, the municipality has reduced the quantity of
waste being disposed to landfill by using the technique of recycling, biological treatment and incineration.
Based on the Swedish experience it is extremely appealing to see a possibility of implementing a modern waste management and recycling
scheme in Addis Ababa Ethiopia. Therefore, this study has been conducted to check the current waste management practices at Östersund
Municipality and study the waste reduction and management strategy in
use in order to be able to get a knowledge transfer to a developing country, Ethiopia. Nevertheless, Sweden and Ethiopia are different from each
other in sizes of areas, ecologic, economic, political situation and population density.

B ACKGROUND INFORMATION OF THE STUDY AREA
Sweden, Östersund Municipality

Östersund region is located in the north western part of Sweden. It
covers 2,517 square kilometer of area. Östersund is the county town of
Jämtland since 1810. It was found in the year 1786 by King Gustav III.
The population registered in the year 2009 was 59,136 inhabitants. The
registered Employment in the year 2004 was 31,530. With a population
of 58,000, Östersund is the only city in the county of Jämtland. It is
situated by the Lake Storsjön, in line with the coastal cities of Sundsvall
and Trondheim. The mountain resort Åre is about an hour driveway.
The tourist trade employs a substantial number of people here, but
Östersund is also a commercial town, with a great spirit of enterprise and
many small companies specialized in winter sports, outdoor life, events
and adventure. The city centre offers ample opportunities for shopping.
(Östersundsbrochure, 2007)
Östersund is located at 63°11'N latitude and 14°30'E longitude and it is
situated at an altitude of 376 m (1234 ft) above sea level. The average
temperature in Östersund, Sweden is 3.1 °C (38 °F). The range of
average monthly temperatures is 23 °C. The warmest average max/ high
temperature are 20 °C (68°F) in July. The coolest average min/ low
temperature are -12 °C (10 °F) in January. Östersund receives on average
531 mm (20.9 in) of precipitation annually or 44 mm (1.7 in) each
month. On balance, there are 164 days annually on which greater than
0.1 mm (0.004 in) of precipitation (rain, sleet, snow or hail) occurs or 14
days on an average month.
The month with the driest weather is February, March when on balance
23 mm (0.9 in) of rainfall (precipitation) occurs. The month with the
wettest weather is July when on balance, 77 mm (3.0 in) of rain, sleet,
hail or snow falls across 15 days. Mean relative humidity for an average
year is recorded as 79.7%, and on a monthly basis, it ranges from 69% in
May to 88% in November. There is an average range of hours of
sunshine in Östersund of between 0.5 hours per day in December and
8.1 hours per day in May. On balance, there are 1568 sunshine hours
annually and approximately 4.3 sunlight hours for each day. On balance,
2
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Figure 1. Map of Jämtland (Source: http://www.geonord.org/reggeol/z1.htm).
there are 175 days annually registering frost in Östersund and January
there are on average 30 days with frost.
The municipality is governed by a coalition of Social Democrats, the
Green and the Left Party. It is also the greatest employer of the county,
with almost 6,000 employees, and in 2006, the financial turnover was
SEK 2,645m. Östersund was the first municipality ever in Sweden to
receive environmental certification in accordance to both ISO 14001 and
EMAS. Östersund ventures in renewable energy sources, e.g. district
heating and natural gas, and it is among the most successful Swedish
municipalities in reducing carbon dioxide emissions. The Mayor´s office
reception desk and switchboard are located at the Town Hall.
(Östersundsbrochure, 2007)

Ethiopia, Addis Ababa City

Ethiopia is located in the Horn of Africa. The capital city is Addis Ababa
with 3 million inhabitants (Central Statistical Authority: 1999). It covers
540square kilometer area. The average temperature in Addis Ababa
varies between 21º C in July and 25 º C in January (The Swedish Institute
of International Affairs, 1995). The average altitude is 2500m above sea
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Figure 2. Östersund Climate Graph.
level. The main rainy season occurs between mid-June and midSeptember. Addis Ababa is the seat of the African Union and the United
Nations Economic Commissions for Africa. The city has three layers of
Government: City Government at the top, 10 sub-city Administrations
in the middle, and 99 “kebeles” at the bottom.

Problems posed by waste

Waste has been recognized as a problem not only because of the
hygienic problems (Sundqvist, 1999), but also because of environmental,
human health and aesthetic problems that come up with it. Storage of
waste provides a conducive environment for all kinds of
microorganisms, human pathogens (virus, bacteria, protozoa and
helminthes ), and breeding grounds for vermin, flies, cockroaches and
birds acting as passive vectors in disease transmission. Beside those
disease problems, waste also makes some additional problems to the
environment such as the environmental odorous scent, litter, fires,
scavengers, rat and snake infestation (Kiely, 1997).

Justification of the study

In order to achieve the millennium development goals, there is the need
to control and manage waste in a way to minimize impacts on the
environment. The hazard posed by waste cannot be exaggerated. Hence
the probability includes not only the threats to human health but also to
nature: air, soil, surface and ground water. Therefore, the situation raises
social and environmental concern. Besides, the environmental
degradation caused by waste compromises the goal of achieving
sustainable development and fulfilling the millennium development
goals. In order to address the issue of waste and its significant impacts
adequately an appropriate waste management plan, rules, and regulations
need to be designed and implemented. A waste management system
which takes into account efficient waste reduction, recycling, and
recovery at the household level should be a top priority to alleviate the
currently worsening waste related problem.
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Figure 3. Addis Ababa Sub-cities.
Ethiopia is one of the least developing countries in the world with high
population growth rate and low per capita income. Because of lack of
knowledge and poor living standards the people living in the country do
not give much attention to the impacts they exert to their surroundings.
Moreover, governmental and non-governmental organizations have
given less priority in dealing with the current environmental issues of the
country than other socio-economic issues. However, the environmental
problems are getting worse and worse each day. Thus, if a necessary and
proper attention is missing to the substantial environmental degradation
taking place in the country, a serious damage will soon follow.
It is because of the current environmental degradation caused by poor
Solid Waste, that this study has been conducted in order to evaluate the
existing situation so as we can design the improvement measures in
Addis Ababa, Ethiopia based on the experience from Östersund
Municipality in Sweden. The study emphasizes on trying to eliminate,
reduce and recycle the daily waste in the city, Addis Ababa.
Research and discussion has been made on the solid waste management
and recycling scheme practiced in Östersund Municipality. This was
done in order to perceive and capture how the integrated and modern
way of Solid Waste management and Recycling is practiced in the
Municipality. The ultimate goal of the study is to get a knowledge
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transfer from a well-established and properly designed Solid waste
management and recycling scheme in a developed country and to use it
in a developing country, Ethiopia. Most importantly it is to compare and
contrast the two different solid waste management and recycling
experiences. Furthermore, to advise and propose a better waste handling
and recycling process based on the Swedish Experience.

Objectives of the study

The main purpose of the study is to state, analyze and discuss the current
solid waste management and waste recycling scheme in Addis Ababa,
Ethiopia and pointing out and recommending a better solid waste
management method and recycling scheme based on the Swedish
Experience.
The main objectives of the study are:
1. Review the existing solid waste management and recycling scheme in
Addis Ababa, Ethiopia and discussing the role of different
stakeholders ( Public agencies, local communities, city government
etc)
2. To describe existing household waste management practices in
Sweden especially in Östersund Municipality.
3. To assess the deficiencies of the solid waste management system in
Addis Ababa, Ethiopia.
4. To create a cross study on Solid Waste Management and Recycling
system between developed and developing countries.
5. To compare and analyze the two different management practices to
be able to get a practical solution for a modern and compatible solid
waste management and recycling system.
The significance of the study
This study has attempted to contribute an improved solid waste
management and waste recycling scheme in Addis Ababa Ethiopia. The
study has also been exploring problem areas in the current waste
management processes and recycling undergoing in Addis Ababa. This
will hopefully help to ensure the areas where we need to focus in order
to improve the waste management practice based on the experience
from Östersund. It is also hopped that the findings derived from the
study, will provide a better solution to the current, serious environmental
issues of the city, Addis Ababa. Conducting such a study today using all
the relevant data sources also helps understanding thoroughly what is
being under taken in terms of waste recycling, composting and
incineration. (And also environmental degradation in the city)

Scope and Limitation of the study

This study explores the available means by which households can
recover and recycle waste based on the strengths and weaknesses of the
technologies under review, the study concludes by recommending the
best choice of technology which is sustainably applicable in the efficient
household waste management system. The aims of the study are:
1. To define and identify household waste and its composition.
2. To discuss the problems posed by household waste.
3. To use case studies to assess efforts being made in selected countries
in waste handling at the household level.
4. To define waste recovery and identify household waste recovery as
well as re-use strategies.
5. To discuss available technology.
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6. Propose a feasible technology from the identified ones taking into
account economic costs, environmental concerns, sustainability,
efficiency etc.
This study is conducted for assessing the municipal solid waste mainly
household, commercial, partly industrial and excluding the hazardous
waste management system. The study examines all the different stages of
the management system which includes the waste generation, collection,
recovery, recycling and disposal in both Östersund and Addis Ababa.
The study is also supported by the secondary information gathered from
various articles, books, internet and agencies. Based on these studies
discussions and recommendations have been conducted.
One of the limitations to the study was the availability of data for
different, important parameters. Moreover, there are no proper
documentation for the currently undergoing solid waste management
and recycling practices in the city of Addis Ababa. As a result, it was
extremely difficult to have precise information on what is going on in the
solid waste management and recycling area. However, the study has been
conducted based on available data, documentation, previous studies and
formal and informal interviews.

R ES EARCH METHODOLOGY
This paper is based on data obtained from documents, aerial
photographs, critical observations, field visits, literature review, and
formal and informal interviews. I considered my personal experience and
observations from field visits as primary information for this discussion.
Moreover, a secondary survey is considered to be the direct interviews of
scavengers, local residents, responsible and experienced officers and
through relevant documents.
Methodology of the study followed some steps to achieve the objectives
of the study. Those steps are stated below.

Data Collection

Necessary data and information have been collected both from the
primary survey like physical observation and secondary survey through
the relevant documents, journals or direct interviews of the responsible
and experienced officers.
1. Physical observation in the study area.
2. Consultations with Organizations Officials (Both governmental
and nongovernmental).
3. Investigation in to the Recorded Documents.
4. Interviews

Literature Review

In order to get a better understanding of solid waste management,
relevant literature has been reviewed, and data have been collected from
secondary sources, according to need and availability. During literature
survey, information has been collected from books, journals, reports and
documents concerning solid waste and its management, which has been
further stated in the bibliography chapter. Main subject matter of
literature review is:
5. Municipal waste management.
6. Household waste recycling.
7. Characteristics of waste both in Addis Ababa and Östersund
Municipality.
7
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8. Solid waste management in Sweden.
9. Government regulation in waste management in Sweden.
10. Overview of Addis Ababa city Solid Waste Management System.

Field Visit

Addis Ababa, Ethiopia landfill site called Reppi landfill, waste recovery
and recycling project office, Addis Ababa and a number of Municipalities
in Addis Ababa were visited. Sörab Hagby Recycling Center, Sollentuna,
Sweden, Östersund municipality, Sweden, Odenskog Recycling Center,
Östersund,Grafsåsen waste disposal plant, Östersund, Waste composting
site and old landfill, Östersund have been visited.

E NGINEERING ASP ECTS OF SOLID WASTE MANAGEMENT
AND RECYCLING
Definitions
Waste, Rubbish, Trash, Garbage or Junk?
All human activities have generated waste as a by-product through times.
There are different definitions of the term waste.
Waste is a by-product of human activity(D.Cornwell and M.Davis ,2012)
The European Union definition: any object the holder discards, intends
to discard or is required to discard is waste under the Waste Framework
Directive (European Directive 75/442/EC as amended); Once a
substance or object has become waste, it will remain waste until it has
been fully recovered and no longer poses a potential threat to the
environment or to human health.
The UK's Environmental Protection Act 1990 definition: waste include
any substance which constitute scrap material, an effluent or other
unwanted surplus arising from the application of any process or any
substance or article which requires to be disposed of which has been
broken, worn out, contaminated or otherwise spoiled; this is
supplemented with anything which is discarded otherwise dealt with as if
it were waste shall be presumed to be waste unless the contrary is
proved. This definition was amended by the Waste Management
Licensing Regulations 1994 defining waste as: "any substance or object
which, the producer or a person in possession of it, discards or intends
or is required to discard but with the exception of anything excluded
from the scope of the Waste Directive. Something can become waste
when it is no longer useful to the owner, or it is used and fails to fulfill
its purpose, (Gourlay, 1992).
Oxford definition :- (of a material, substance, or by-product) eliminated
or discarded as no longer useful or required after the completion of a
process. Waste can be classified by its physical state as solid, liquid,
gaseous. Solid waste can also be classified by its original use such as
packaging waste, food waste. Solid waste can also be classified by
material such as glass, paper, metal. The classification of solid waste can
also be based on physical properties such as combustible, compostable,
recyclable etc. Moreover the classification of solid waste can be done by
safety level such as hazardous, nonhazardous waste etc. Solid

Municipal Solid Waste
Domestic wastes are defined as wastes generated from human activities.
Municipal wastes are wastes generated due to municipal services such as
street sweeping, and dead animals, market waste and abandoned vehicles
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or parts; also includes already mentioned domestic wastes, institutional
wastes and commercial wastes. (Reddy, P. 2011)
Main sources of municipal waste:
1. Household waste.
2. Street sweeping
3. Commercial activities
4. Hotels and restaurants
5. Sludge - Construction & demolition

Waste Recovery
Waste recovery is the third broad category of the waste hierarchy (i.e.
Waste reduction, waste re-use, waste recovery, and waste disposal) which
incorporates materials recycling, composting and recovery of waste.
Thus, waste recovery mainly refers to the following operations:
1. Material recovery, that is recycling
2. Energy recovery, that is re-use as fuel
3. Biological recovery, e.g. composting
4. Re-use

Recycling
Recycling is the reprocessing of materials into new products. Recycling is
tremendously useful because it does not use virgin materials for
production. As a result, recycling consumes far less energy than new
material production. In addition, recycling emits a considerable small
amount of greenhouse gases compared to new production.( Waite, R.
1995)

Quality & Characteristics of Municipal Solid Waste

The rate of generation of waste depends on the population growth of a
country the composition whereas characteristics of waste varies based on
the economic prosperity of a country.
In addition, the rate of waste generation is directly proportional to the
socio-economic development and economic prosperity of a country. As
a country develops and becomes more industrialized the waste being
generated undergoes change. This is because more resources will be
utilized and more waste generation, as a result. Studying the composition
of waste plays a vital role in developing an integrated solid waste
management system and recycling scheme. This is because
understanding the characteristics of waste generated in a country helps to
identify waste treatment, way of handling and discarding methods. The
waste composition information can also be used to improve waste
minimization policies, target waste minimization programs and improve
recycling schemes. By knowing the type of material in the waste
generated, we can easily tell what degree natural resources are being
thrown away rather than reused, recycled and recovered. For example,
local authorities can use the waste composition information for targeting
waste reuse or recycling scheme. The local authorities can plan to give a
necessary attention to the waste which makes high percentage of the
waste composition in a particular area.
As the composition, of waste is related to industrialization, developed,
and developing countries have different waste generation rates,
characteristics and composition of waste. The waste management
problems in developing countries are different from that of developed
countries. Indeed the waste generation rate and composition is also
different between industrialized and developing countries.(Reddy, P.
2011)
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Table 1. Pattern of Municipal Solid Waste Quantities and Characteristics for Low, Middle and Industrialized Countries (Source:
Cointreau, (1986, p. xii).
Characteristics
Waste Generation (kg/cap/day)

Low Income
0.4 to 0.6

Middle Income
0.5 to 0.9

Industrialized
0.7 to 1.8

Waste Densities (kg/cubic meter)

250 to 500

170 to 330

100 to 170

Moisture content (% of wet weight at
point of generation)

40 to 80

40 to 60

20 to 30

Paper (%)

1 to 10

15 to 40

15 to 40

Glass, Ceramics (%)

1 to 10

1 to 10

4 to 10

Metals (%)

1 to 5

1 to 5

3 to 13

Plastics (%)

1 to 5

2 to 6

2 to 13

Leather, Rubber (%)

1 to 5

Nill

Nill

Wood, Bones, Straw (%)

1 to 5

Nill

Nill

Textile (%)

1 to 5

2 to 10

2 to 10

Vegetable/ Putrescible (%)

45 to 85

20 to 65

20 to 50

Miscellaneous inert (%)

1 to 40

1 to 30

1 to 20

Particle size (% greater than 50mm)

5 to 35

Nill

10 to 85

The average solid waste generation rates in developing countries is 0.4 to
0.6kg/person/day and 0.7 to 1.8kg/person/day in fully industrialized
countries, (Cointreau,1986). The common differences in the composition
of solid waste in developing countries are:

Structure of Integrated Waste Management System
Source Reduction
The priority, quite highly is to reduce the amount of waste that we
produce by minimizing the quantities of natural resources that we
convert into products and then discard. Source reduction tops the
hierarchy because of its potential to reduce system costs, prevent
pollution, consume resources, and increase efficiency. However, such an
objective is opposed to the culture of our society today. By intensive
advertising, primarily we are encouraged to consume as many products
as we can afford. The belief that this has engendered in us all is that new
is best and old should be discarded. The concept of waste minimization
when applied to this situation simply means designing the packaging so
that when discarded, the minimum of waste is generated.
Source reduction implies reducing waste at the source by changing the
material-generating process, and also includes incorporating reduction in
the design, manufacture, sale, purchase, and use of products and
packaging (USEPA. 1995).
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Figure 4. Waste Hierarchy Diagram.
Material Reuse
Having thought to minimize the amount of waste being generated, we
must however, accept that some waste will be generated and consider
how best to treat such waste so as to limit its environmental impact. Any
technique which reduces the amount of waste (once generated) which
requires disposal is termed waste reduction not to be confused with
waste minimization. This brings us to the second preferences in the
waste management hierarchy that of material reuse.

Material Recycling

Recycling is the second step in the hierarchy. It involves collecting
materials, reprocessing, and using the resulting products. The viability of
a recycling scheme is typically dependent on the availability of high
volumes of recycled materials and this can only be guaranteed where
there is a high population density.
Recycling reduces the need to virgin raw materials. This has two benefits
in that many raw material reserves are finite, and the extraction or
harvesting of such resources can in itself be extremely destructive to the
environment. For example, the production of plastics from naturally
occurring oil uses a finite resource (although the production of plastics
from naturally occurring oil uses a finite resource (although the
production of plastics accounts for only 4 per cent of oil usage, plastic
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packaging accounts for approximately one quarter of all plastics
production). Aluminum is produced from bauxite, an abundant but finite
resource and the minimum of which is extremely destructive to the
environment where this ore occurs. (Waite, R. 1995)
If we are to encourage greater waste minimization amongst
householders, it will have to be supported by providing information and
education. Indeed, it is true that the more people learn about recycling
and begin to change their behavior accordingly, the more aware they
become of the need and opportunities for waste minimization.
For the purpose of recycling, the household waste stream can be divided
into two categories:
1. Dry recyclables, comprising paper, plastics, metals, glass and textiles
2. Organics, consisting of both kitchen (food) and garden waste.
Both categories of materials may be recycled as material, but the
methods of collection and treatment are quite different.
Dry recyclable materials can be separated either at source that is by the
householder, into individual materials for collection and subsequent
reprocessing, or they can be collected as a mixture of materials (termed
commingled collection). There are various methods of effecting such
collections from the household. This separation is carried out in a
material recovery facility.
Following collection, organic material can be treated in one of two ways:
1. Composting: this simple method of treatment is a process by which
the material undergoes a controlled, natural decomposition to
process a dry, odorless friable organic material which is suitable for a
variety of soil conditioning uses.
2. Anaerobic digestion, a technique in which the material again
undergoes a natural process of decomposition, but in this case, in
the absence of oxygen. The process produces methane gas as a
product of the decomposition, and such gas is collected for use as a
fuel source. Following digestion, the digestate is subjected to a
process of composting in order to stabilize the final product.
In its simplest form composting can be carried out in the open air, the
only requirements being a solid base on which to lay out the compost
and a leachate control system. (Reddy, P. 2011)

Incineration
The benefits of incineration as a waste product disposal strategy are well
known volumetric reduction of up to 90%, and mass reduction up to
70% with a non-putrescible residue are attractive benefits for a
community where land is premium (A.Kanury 1975) Thermal treatment
by incineration is the obvious way of destroying the toxicity of certain
hazardous and compostable wastes. It is the recommended of disposing
chlorinated hydrocarbons, oils, and solvents, which cannot be covered.
The alternative method of waste disposal to landfill is that of waste
incineration. Waste incinerators use the process of combustion to
convert many of materials with in the household waste into their primary
components of water, carbon dioxide and carbon. Clearly not all
household waste materials are compostable, for example, metals and
glass, so that following combustion a solid waste residue remains to be
disposed of and this residue is normally sent to landfill. Incineration,
should therefore, be seen as a means of reducing the amount of waste to
be disposed of by landfill, rather than a method of ultimate disposal in its
own right.
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Incineration became a popular method of waste treatment in the1960s
and 1970s when many incinerators were constructed, but increasing
concerns over the emissions from such plants resulted in a reduction in
their popularity from the late 1970s onwards(only one incinerator has
been built since 1979).
There has always been a significant level of public concern regarding the
airborne emission from municipal waste incinerators.

Landfill
Types of Landfills
1. Sanitary landfills - landfill that uses a clay liner to isolate the trash
from the environment.
2. Municipal solid waste (MSW) landfills - uses a synthetic (plastic) liner
to isolate the trash from the environment.
3. Construction and demolition waste landfills - consist of the debris
generated during the construction, renovation, and demolition of
buildings, roads, and bridges.
4. Industrial Waste Landfills- nonhazardous solid waste consists of
nonhazardous waste associated with manufacturing and other
industrial activities.
Recently the idea of using landfills is being reduced highly. This is
because landfilling is not the best way of managing daily waste. Instead,
we need to focus on waste reduction, recycling, and energy recovery
from waste. However, we still need landfill since not every item thrown
out or discarded can be recycled or reused. Therefore, sanitary landfills
need to be properly designed and used to discard the minimized amount
of non-recyclable and non-biodegradable waste. (R. Chandrappa, D.B.
Das, 2012)

Recycling
Recycling is one of the very significant waste management hierarchy
component. (Waite, R.1995) There are many tangible reasons for us to
choose to recycle daily wastes. Here, are some of the very essential
benefits of recycling.
1. Waste discarded on landfills generates greenhouse gasses and
leachate. Recycling reduces the amount of waste which is destined to
landfills.
2. Recycling reduces global warming and deforestation. Since recycling
reduces the use of raw materials it preserves forests, inhabitants and
the environment.
3. Recycling saves an enormous amount of energy. This is because new
industrial production processes consume much more energy than
recycling processes. Consequently recycling preserves natural
resources.
4. As recycling reduces the amount of waste discarded there will be
more space on landfills.
5. Recycling is economical due to reason that new production
processes consume more energy and raw materials.
6. Recycling is not just good for the environment it is advantageous for
business. Recycling opens an employment opportunity for many
people than landfills and incineration do.

Pre Dumping Recycling
Recycling should be started at waste generation spot. While generating
waste, it is particularly essential to consider Recycling. Primarily the type
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of waste being generated needs to be studied. Once we know the types
of wastes and their proportional percentage being generated it is easier to
come up with the way of recycling. Most municipal wastes are potentially
recyclable. One of the most important thing that we need to consider is
that how to let the people producing waste to practice recycling.
Recycling can first be done by sorting the waste at the spot. Sorting is the
first and the highly useful part of recycling procedure. Once the waste is
sorted it is easier to differentiate the reusable, recyclables and the
garbage. Pre- dump recycling is extremely economical because it plays a
crucial role in reduction of waste that could have been transported and
dumped to landfills. Therefore, educating people to be able to
understand the possibility of reuse and recycling will be so beneficial in
Municipal Solid Waste Management

Recycling While Dumping
As recycling is the sustainable way of dealing with waste, it is encouraged
to do it at any possible stage of waste management process. As we have
discussed before, recycling should begin at the waste generation point.
However, since not all waste producers have the knowledge and the time
to practice recycling , recycling can also be practiced at the transfer
stations and final disposal sites. Studying the types of wastes generated
and their potential recyclability is the key factor in designing an effective
recycling scheme. Once we know the type of wastes which can be
recycled, it is easier to allocate different recycling bins at the transfer
stations and disposal sites. Moreover, guiding, educating and organizing
scavengers to do a proper recycling procedure at the dumping site will be
extremely beneficial both for the individuals and the environment.

Biological Solid Waste Treatment (Organic Waste Recycling)
Organic Waste recycling is the truly best way of reusing a discarded
organic waste. Almost more than 50% of Municipal solid waste consists
of organic waste. Organic waste is extremely hazardous waste when it is
disposed to landfill because of the liquid leachate it produces and the
emission of methane gas. The leachate can infiltrate into the soil and to
the ground water resulting in water and soil pollution. Moreover, the
methane gas contributes to the global warming and the greenhouse
effect. Therefore, managing large proportion of Municipal Solid Waste,
organic waste, by using recycling, results in tangible environmental and
economic benefits. There are three main uses of organic wastes.
1. Soil improvement.
2. Animal rising.
3. To provide a source of energy.
Different processes are required to achieve the above benefits from the
organic waste. (Robert A. Meyers, 2012)
Methods of processing organic waste

Composting
Composting is a natural decomposition of organic matter by the action
of naturally occurring microorganisms such as bacteria and fungi. Small
invertebrates such as earthworms and millipedes help to complete the
process. Composting converts the organic waste to rich dark colored
compost or humus in a matter of a few weeks or months. Through
composting, the remains of dead animals and plants are broken down
and consumed by microorganisms and eaten by small invertebrates.
(Reddy, P. 2011)
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Types of composting

1. Aerobic Composting:-is the decomposition of organic waste with the
presence of oxygen. This composting type applies for a large scale waste
treatment in an open field. Aerobic composting is more complex and
needs an advanced technology to make it effective. Therefore, aerobic
composting is not economical to use in developing countries. However,
developed countries are increasingly using aerobic composting in order
to deal with their organic waste.
2. Anaerobic Composting:- is the decomposition of organic waste in
the absence of oxygen or in a confined container or pile. Anaerobic
composting is cheap and easy to handle. However, the decomposition
takes longer time than aerobic composting. The extremely slow working
bacteria break down the organic waste into harmful compounds like
ammonia and methane. Anaerobic composts create an extraordinarily
awful smell which needs to be mended.
3. Vermi-compost:- is ideal for composting food waste with the help of
red worms, bacteria, fungi, insects and other bugs. Vermi-compost is a
medium maintenance compost method since it is necessary to feed the
red worms and monitor the oxygen and moisture required to keep the
compost good. The red worms eat the bacteria, fungi and the food waste
and then they deposit their casting.

Benefits of Composting and important conditions

Composting has many benefits some of them are listed below.
1 Composting provides with valuable nutrients from the organic
waste
2 Saves a tremendous amount of landfill space and prevents soil &
water contamination due to the landfill "leachate".
3 The compost can be used as a fertilizer.
4 Composting improves the condition of the soil.
In composting, the natural process of decomposition can be speeded up
by controlling the composting environment and obtaining the following
conditions.
1. It is particularly valuable to retain the right Carbon to Nitrogen ratio.
The correct Carbon to Nitrogen ratio is 25:1 or 30:1. This is because
the bacterium that undergoes the decomposition digests Carbon 25
to 30 times more than Nitrogen. Therefore, it is especially beneficial
to examine the C: N ratio in the organic waste to be able to speed up
the decomposition.
2. The correct amount of water. The compost pile should always be
kept moist. However, it is also necessary to take into consideration
that the wetter the compost is the worse it results in a soggy smelly
mess.
3. The compost should be turned regularly in order to obtain sufficient
oxygen.
4. PH level should be maintained between 5.5 to 8

Few problems associated with Composting
As we have discussed earlier, for composting to be effective there are
certain conditions needs to be maintained. Moreover, the composition of
waste determines the effectiveness of the composting. Therefore, failing
to maintain the right condition such as temperature, C(carbon)
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Table 2. Shows the type of incinerator and the corresponding type of waste.
Item

Description

Type of Incinerator
Moving grate
incinerator

Types of wastes
Domestic/ household
waste

Grate incinerator is useful to treat
Domestic or communal waste and this
waste have enough caloric value to
burn without support fuel. The starting
up of the incinerator is done with support burners until the furnace has a
high temperature: +/-950 degree
Celcius.

2

Rotary kiln
incinerator

Medical/ hazardous/industrial waste

The rotary kiln incinerator is manufactured with a rotating combustion chamber that keeps waste moving, thereby
allowing it to vaporize for easier burning. Types of waste treated in a rotary
kiln incinerator
•
Hazardous waste and PCB
waste
•
Medical, clinical or hospital
waste
•
Chemical waste and pesticides

3

Static heart
incinerator

Liquid/ gas/ Fluid waste

4

Fluidized bed
incinerator

Homogenous waste (
Sludge from WWTP)

5

Ammunition
destruction
incinerator
Plasma incinerator

Ammunition

These are single-chamber stationary
hearth plant for thermal destruction of
hazardous fumes or gases and hazardous liquids. This systems are not
suitable for the incineration of solid
wastes. In this stationary hearth of the
thermal oxidizer only liquid and gas
waste streams are allowed.
This type of incinerator is made for
waste or fuel which is able to float. For
this the waste is like a homogeneous
mixture. Like WWTP sludge, crushed
coal or carbon, MBM (meat and bone
meal), etc.
Combustive demilitarization of Explosives, Toxic Colored smokes, chemical
agents and related munitions

1

6

Asbestos

Disposing of toxic waste chemicals
such as poly chlorinated biphenyls on a
commercial scale

&N(Nitrogen) content, moisture, will result in slow composting reaction,
compost with ammonia odor, attracts insects, millipedes, slugs etc.
compost which stinks like rancid butter, vinegar, or rotten eggs. Making
a proper waste mixture and continuously checking the condition avoid
the above mentioned problems.

Incineration (Energy Recycling)
Definition of Process
Incineration is one of the effective waste treatment alternatives of the
integrated waste management system. (Ph, Patric, 1980) However,
Incineration is the most expensive waste treatment method due to its
high initial, maintenance and technical manpower cost. Incineration is
chemical oxidation at high temperature. It produces heat and electric
energy by combusting the organic substances of waste. Incineration of
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Table 3. Shows the advantages and disadvantages of waste incineration in general.
Item

Advantages

Disadvantages

1

Require minimum land

expensive to build and operate(pollution
mitigation)

2

Can be operated in any weather

high energy requirement

3

Produces stable odor-free residue

requires skilled personnel and continuous
maintenance

4

Refuse volume is reduced by half

Environmental pollution and health hazard

waste is similar to combustion of other solid fuels. What make waste
different from other types of solid fuels are its heterogeneous nature and
its high moisture content. Combustion process can be divided into three
phases: dying, gas pyrolysis, gas combustion and combustion of carbon
residue (Kiely, 1997).
As waste materials are of various kinds, various types of incinerators are
designed to treat each type.

Advantages and disadvantages of waste incineration
Incineration is one of the very oldest waste treatment methods. It is
basically a process where the domestic and industry waste materials are
burnt. In this process the waste materials turn into ash, flue gas and heat.
However incineration of waste is not the best alternative due to the fact
that it produces gaseous pollutants such as carbon monoxide, sulfur
oxides, nitrogen oxides and ashes which consist of dioxins and heavy
metals. In order to prevent the environment from being polluted pre
waste sorting and gas purification procedures have to be done. Wastes
which are hazardous should be eliminated. This saves both
environmental and health hazard. As waste materials are of various
kinds, various types of incinerators are designed to accommodate each
type of waste. (Walter R. Niessen, 2003)

Environmental Pollution Mitigation for Incineration

As discussed earlier waste incineration has a negative impact on the
surrounding and human health. Therefore, in order to make it potentially
acceptable certain fundamental pollution controls and necessary
mitigation need to be made. (A. Buckens,2013)
1. Emission control
2. Residue control
3. Emission monitoring

Landfill
Sanitary Landfill Concept (what is landfill?)

Sanitary landfills are sites where waste is isolated from the environment
until it is safe, until it physically, chemically, biologically degraded. In
developed countries, Sanitary landfills are designed and constructed with
so much care in order to protect the environment and reduce emission
to the atmosphere. (R. Chandrappa, D.B. Das, 2012)

Sanitary Landfill design requirement
As a minimum requirement, four basic conditions, should be met by any
site design and operation before it can be regarded as a sanitary landfill:
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Table 4. Shows the advantages and disadvantages of different waste incineration
plants.
Item
1

Type of Incinerator
Moving grate incinerator

Advantages
Low maintenance and operation cost

Disadvantages
High investment cost

2

Rotary kiln incinerator

Perfect combustion capacity
regardless of moisture level,
composition &compactness of

Energy recovery(electricity) is
less economical for small
installation

3

Static hearth incinerator

Low energy requirements and
low maintenance cost

Not suitable for solid waste

4

Fluidized bed incinerator

High electricity efficiency

High maintenance and operation cost

5

Ammunition destruction
incinerator

6

Plasma incinerator

Perfect for military waste

Perfect for toxic waste chemicals on commercial scale

High energy requirement

High energy requirement

Full or partial hydro geological isolation: While selecting landfill site it is
remarkable to check the hydro geological status of the area. If the land
has no appreciable geological structure that protects the waste leachate
from being infiltrated into the ground and the aquifers, it is particularly
valuable to design a lining that should be placed on the ground to protect
the leachate from infiltrating into the ground. Otherwise, the leachate
will contaminate the soil and ground water of the surrounding.
Therefore, caution needs to be taken
1. Engineering preparations: While designing Sanitary landfill all
the necessary data analysis and investigations have to be done
regarding the area, among these are geological and hydro
geological studies. A waste disposal plan and a final restoration
plan should also be developed.
2. Permanent Control: skilled personnel should be assigned at the
Sanitary landfill to supervise site preparation and construction,
the depositing of waste and the regular operation and
maintenance.
3. Waste placement and covering: waste on Sanitary Landfills
should be spread in layers and compacted. As a result, it is
possible to make the waste less exposed to pets.

Landfill minimization and elimination
Today landfill is no longer the best waste management alternative(Robert
A. Meyer, 2012). As we are trying to increase the awareness among the
society, consciousness in what types of products to use and recycle them,
it has helped many of the developing countries to minimize the amount
of their annual waste which is being discarded to landfills. Therefore, this
is the right time to think of landfill minimization. Even though it is not
easy to illuminate landfill for there are wastes which we cannot prevent
from being disposed of. Every member of the planet contributes to the
success of landfill minimization by living consciously in their day to day
life. As it has been discussed in the previous sections of the study
increasing reuse and recycling will enormously reduce the amount of
waste being landfilled.
As the resources on our planet have no infinite sources, we need to
consider reusing and recycling rather than throwing. In addition almost
18
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all the waste generated is being discarded to landfills, contributing to the
global warming and ground water pollution. Taking into consideration
the fact landfills are undoubtedly the worst things to pass on to
generation, it is extremely important to design and implement a method
of waste minimization and landfill illumination from now on.
As it is cheaper to avoid landfill than to create it, it is better for the
Municipalities to encourage and teach the society to consider buying
materials which can be reused and recycled. Moreover, it is extremely
rewarding to make the day to day life focused on waste minimization and
recycling.

S OCIO ECONOMICAL , CULTURAL & NATURAL ASPECT OF
WASTE

Socio Economical and Cultural Aspects

What makes solid waste management complex is its socio-economic and
cultural dependence. This is because the type and generation rate of
waste depends on the per capita income, social customs, and population
growth, degree of urbanization and industrialization of a country. As the
country develops and becomes more industrialized, the waste composition changes. This is because, high industrialization increases excessive
usage of natural resources followed by increased waste production.
Raised economic income and increased industrialization affect the composition of waste in a society. More paper, paper packaging, plastics,
multi material packing items and consumer products become part of
waste composition.
The composition of waste in general differs from country to country on
the economic level of countries as well as other factors such as geographical location, energy resources, climate, living standards and cultural
habits. Studying the composition of waste plays a vital role in developing
an integrated solid waste management system and recycling scheme. This
is because understanding the characteristics of the waste generated in a
country helps to identify the treatment, way of handling and discarding
methods. The waste composition information can also be used to improve waste minimization policies, target waste minimization programs
and improve recycling schemes. Waste composition can easily tell what
degree natural resources are being thrown away rather than reused, recycled or recovered. For example, local authorities can use the waste composition information for targeting waste reuse and recycling scheme for
materials that make up a large part of the waste stream in their area.
Moreover, being able to know the composition of waste leads to improve socio-economic benefits and it increases recycling of waste. Thus,
throwing recyclable wastes to landfills shows the inefficiency of the
waste management system in a country which results in improper resource uses and unnecessary waste generation. Therefore, it is exceedingly useful for a country to know its waste composition in order to able to
strategize the waste management and recycling plans.
As the composition of waste is related to industrialization, developed
and developing countries have different waste generation rates, characteristics and composition of waste. The waste management problems in
developing countries are different to that of the developed countries.
Developing countries generate lesser amount of waste, however, wastes
with high density and organic content. This is because developing countries use less packaging, paper, plastic, glass etc. In addition, cultural beliefs can also be significant waste management diversity among the de-
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veloping countries. There are a certain religious and cultural believes
which does not encourage collecting and storing garbage at home moreover there are certain cultures, which, discriminate and discourage manual waste collection and storage. Therefore, waste management is such a
complex phenomenon which needs a reasonable approach by taking into
account the different aspects which affects the process design and management.

Natural Aspects: Climate, Soils, Water and Air

The climate of a country determines the waste handling and management
processes. This is because hot climates accelerate the rate of waste decay
and decomposition. Most developing countries in Africa and Asia face a
lot of waste management problems related to bad smell, large amount of
flies and other diseases transmitting insects and so on. The hot climate
makes the waste management system to be adjusted in order to cope
with quick organic waste decay and formation of different types of insects. Therefore, collection and disposal rate should be more often in a
hot climate than moderate or cold climate.

S OLID WASTE MANAGEMENT & RECYCLING PRACTICES
IN A DDIS A BABA , E THIOPIA
Municipal Solid Waste Management in Addis Ababa

Addis Ababa being one of the developing cities in Africa, it undergoes a
rapid population growth and urbanization which leads to highly increasing waste generation rate. In addition, there is a high rural-urban migration which imposes significant environmental challenges. As a result,
waste became a serious issue that needs an immediate solution. Solid
waste management in Addis Ababa is not in a satisfactory level due to
inadequate service coverage, lack of knowledge and improper waste
management strategies. The inadequate Solid Waste management system
has resulted in accumulation of waste in open lands, side ditches, river
banks, streets and residential areas of many people, causing a serious
health hazard, soil contamination, surface and ground water pollution.
An open air burning of waste, spontaneous landfill combustions and incineration plants designed without treatment for gas emission control
contribute a lot to air pollution.
At present, the Municipal solid waste management system in Addis Ababa is being entirely done by Municipalities. The Municipality is expected
to handle both the collection and disposal of Solid Waste. However for
the Municipalities it is impossible to be able to cover all the necessary details of the solid waste collection and disposal of the city. Therefore, it
resulted in inadequate management practices and an enormous environmental degradation. As mentioned above, a considerable amount of
open dumping is practiced in most part of the city. The situation is aggravated in slums where households cannot make use of garbage collection containers. The adverse effect of inadequate solid waste service on
productivity and economic development of the city expected to be significant.
The rapid population growth rate of 3.8 per cent is also resulting in a rise
of approximately 5 per cent of urban waste generation (Addis Ababa
City Administration, 1998). This implies that the current waste collection
and disposal capacity is not matched with the growing generation. These
environmental problems also have socio-economic consequences.
As an effort to improve dry waste management, the city administration
has transferred the service provision of dry waste management to the
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newly established Addis Ababa City Sanitation, Beautification and Park
Development Agency (since January 2003), with the objective to make
the city naturally balanced, green and favorable environment through integrated management and urban, recreational area development. The
agency as part of future approach, is trying to establish and decentralize
dry waste collection to 10 sub-city's dry waste management
teams.(Kuma,T. 2004)
Addis Ababa is center for modern economic and social activities that infrastructure services are found relatively in a better situation than other
cities of Ethiopia. However, their development is too slow to meet the
demands of the increasing population due to both natural growth and
rural urban migration. In particular, the complete inadequacy of the dry
waste management is considerable environmental problem in Addis Ababa.(ENDA, 1999)

Generation and Characteristics of the Waste of Addis Ababa
The daily waste generation is estimated 0.252kg/capita/day. The current
daily waste generation of the city is 2,297m3 or 851 tones. Of municipal
waste per day, 65 % (1,482m3) is collected, 5% is recycled, and 5% is
composted. (Addis Ababa city SBPDA,2003). The remaining 25per cent
of waste is disposed of through informal means, dumped on open sites,
drainage channels, rivers and valleys as well as on the streets except
smaller percentage going to incineration. The rivers are widely used as
disposal sites. As simple observation around rivers bank indicates, large
percentage of the uncontrolled waste goes to the rivers. Although the
hygiene and environmental sanitation regulation issued by the Addis Ababa city administration (Pro.No.1,1994) prohibit people from disposing
waste along roads, avenues, rivers, ponds, and other sites, the regulation
is continuously violated by the people due to lack of alternative means
for disposal.
As waste production varies depending up on the living condition of
households, waste production in Addis Ababa implies a significant variation between high economic and low economic class. High income
households produce more packaging wastes, wastes which are not
properly Sorted and high amount of food waste. On the other hand,
households with low financial status produces less packaging waste,
more vegetable residues, ashes, plastic bags and so on. In general, the
municipal solid waste in the city is found to be homogenous with a high
amount of plant residues than animal and industrial waste. The types of
Municipal waste in Addis Ababa includes mainly plant origin waste, paper, vegetable peelings, onion seed coats, broken plastics & festal, soil,
dust, pieces of cloth, piece of thread, grass, animal dung, used shoes,
small bottles, soot and so on. The biggest proportion of waste is plant
origin, 60% by weight and 90% by volume of Municipal solid waste in
Addis Ababa is organic matter. (Ashenafi, 2001)
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Table 5. Physical Composition of Waste in Addis Ababa.
Item
1
2
3
4
5
6
7
8
9
10

11

Types of Waste
Vegetable
Paper
Rubber/ Plastic
Wood
Bones
Textiles
Metal
Glass
Combustible leaves
Non-combustible stone

All fine

Percentage
4.2%
2.5%
2.9%
2.3%
1.1%
2.4%
0.9%
0.5%
15.1%
2.5%

65%

Addis Ababa City-Key Authority of MSW Management
As we have discussed earlier the main SWM task is performed by the
Municipalities in Addis Ababa., However, there are offices which deal
with all environmental issues including Solid Waste Management such as
Addis Ababa Sanitation, Beautification and Park Development, Environmental Protection Agency, Addis Ababa Recovery and Recycling of
waste office, Health Bureau of Addis Ababa City Administration, etc.

Waste Collection Procedure

In Addis Ababa, there are two main waste collection ways those are classified as Primary and Secondary collection. The Primary collection is
mostly done by small private companies which are enrolled by municipalities to collect wastes door-to-door from Households in areas where
there are accessible roads. The payment from the households is collected
together with the water consumption bills based on the Willingness to
pay. Most of the residents are willing to pay the service charge. However
in areas where the small private companies are not good enough to give
the service, the municipal trucks do the collection job. The primary collection includes the collection of waste in the communal containers
which are located near by the residents. The residents are responsible for
collecting and dumping their waste to the nearby containers. The secondary collection procedure is led and organized by the Municipality itself. The collection is done by dump trucks to the landfill from the temporary waste storage containers nearby the households. There are
currently 300 containers in Addis Ababa with an average capacity of
8m3. The containers are placed in an average distance range of 200300m and more. People take their garbage and dump in the containers
close by. In some areas, containers are located quite far; therefore, it creates a lot of inconveniences to the residents. It is also noticed that a lot
of scattered waste nearby such households, which results in, an extremely serious hazard to the environment and human health. Moreover, since
the delivery of waste to the containers is done by small children in most
cases, the area close to containers is full of scattered waste. The containers are emptied by the municipality every seven to ten days. Municipalities spend almost 90% of waste management budgets on the collection,
transportation and disposal of waste. However, based on the interviews
made and close assessment done the people living in Municipalities claim
that they are not satisfied by the waste collection and disposal service.
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According to the data from health bureau of Addis Ababa Administration the waste collection capacity has increased in the past 10 years. (Addis Ababa city Administration 2012) This is because the Municipality has
assigned the small micro enterprises in the waste collection service. The
door-to-door waste collection is being done by the small enterprises
which highly decrease the cost and ineffectiveness of the collection service. This is because the enterprises use small carriages to collect waste
from households and deliver it to the municipal containers instead of the
trucks going around and collecting waste from households. Before the
intervention of the small enterprises the collection of solid waste was
done by assigning a person together with a compacting and side loader
truck to inform the households and do the collection. In such case, the
residents who benefited were only the ones living close to accessible
roads. Now the municipality is only responsible for emptying the containers regularly except in some areas where the participation of the
Small Enterprises is low.
Other than the Primary and Secondary collection methods in Addis Ababa there are also dust bins in the city for simple and light wastes mostly
for the pedestrian. Moreover, waste scattered on the street and side roads
are collected by permanent employees of the Municipality. They also
empty the wastes from dust bins on a regular basis.

Transportation of Collected Waste in Addis Ababa
Transportation of collected solid waste in Addis Ababa is done by the
Municipalities. The participation of the private small enterprises on
transportation of waste is extremely limited. The small private enterprises
transport the primarily collected waste to the municipal containers. Then
the municipality collect waste from the secondary collection sites (containers) directly to the dumping site. The containers are emptied regularly
in most cases between seven to ten days. To empty the containers, the
Municipalities have compactors, lift-trucks and side loaders. The compactors and side loaders are assigned to facilitate the delivery of containers by compacting and loading the waste to the containers properly.
Then the lifting trucks carry the containers to the final disposal site. Currently in Addis Ababa there are about 72 Trucks on service. (Solomon,
2006) However, almost half of them are not functioning properly due to
lack of proper maintenance and limited budgets. As a result, the transportation of waste is the most ineffective service in the Solid Waste
Management System. In this study, two Municipalities (Arada and Akaki
Kality) in Addis Ababa city are taken into consideration regarding the
collection and transportation of Municipal solid waste. Residents have
been interviewed to get a clear image of the quality of the service delivered by the Municipalities. Arada Sub city is located in the central part of
Addis Ababa, and Akaki Kality Municipality is located in the very south
outskirt of the city of Addis Ababa. According to (Solomon,2006) there
are nine vehicles allocated to Arada Sub-City. However, only five of
them are functioning, and the rest are under maintenance. This has affected the frequency of emptying the Municipal containers. It further
leads to over flowing of waste on the ground and so affecting the residents' health and polluting the environment. The table below shows the
types of vehicles, their capacity and year of service.
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Table 6. Types of vehicles, their capacity and year of service in Addis Ababa,
Arada Subcity (Source: Solomon, 2006).
1
2
3
4
5
6
7
8
9
Total

Plate No.

Year of Service

Type

4-00909
4-00974
4-00904
4-01245
4-00969
4-00935
4-00910
4-01202
4-00903
-9

10
10
10
10
8
10
13
13
13

Nissan
Hino
Nissan
Hino
Renault
Volvo
Volvo
Volvo
Volvo

Service delivered
by the truck
Side- loader
Compactor
Side-loader
Compactor
Compactor
Lift truck
Lift truck
Lift truck
Lift truck

Load in m

3

3

10m
3
10m
3
10m
3
10m
3
15m
3
8m
3
8m
3
18m
3
8m

The study shows that, the waste collected in different containers in the
Sub-city, is not being disposed of to the landfill timely. The main problems that affect the transportation service is down time frequently caused
by vehicle problem (Table 5.1). The trucks have served more than eight
years, and the spare parts are not available on the market. That delays the
repairing time of the vehicles. The other problem that affects the waste
transportation is the high traffic in the city and low speed of the loaded
trucks. Moreover, the waste disposal site has gravel roads, which, continuously affect the tires and the physical condition of the trucks. The other
reason for frequent breakdown of trucks is the fact that they are being
over loaded with waste. Because only few of the trucks are functional
and it is exceedingly urgent for the municipality to dispose the waste in
time, there is a situation where the trucks are loaded more than their carrying capacity.
Furthermore, according to the interviews made to the residents of both
Arada and Akaki Kality Municipalities the collection and transportation
service being delivered are not at the satisfactory level. This is because as
mentioned above the collection and transportation of solid waste is not
efficient. The containers are not being emptied in time, and the locations
of Municipal Containers are not at the accessible range. In addition,
nothing is being done regarding the environmental degradation resulted
from the untimely collection of waste and illegal waste dumping in all
Municipalities.

Waste Disposal Facilities in Addis Ababa
Waste Disposal being the last stage in the Solid Waste Management Process, it needs to be given a high priority. This is because whether the collection and transportation facilities are successful, the Waste Disposal
counts so much to make the whole management system effective. The
extremely fundamental question here is that how and where to dispose
off the collected waste. In Addis Ababa, the Municipalities dispose off
the collected waste from different sub-cities to a dumping site called
'Reppi'. The site is not a properly designed Sanitary Landfill rather an
open dumping site. Reppi landfill is located south west of the city in a
Sub-city called 'Kolfe Keranyo' with a surface area of 25 hectare. The
landfill is located 13km away from the city center. The site was commissioned 49 years ago according to (Addis Ababa Administration Health
Bureau. 1997). While commissioning Rappi landfill there were a number
of factors which were not taken into account such as the geologic and
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hydro-geologic conditions of the area, surface water hydrology, underlying soil structure and topography. The only factors which were considered in the commissioning process were the hauling distance and the
availability of land.
When the collected waste arrives to the land fill since there is no weighing bridge, nor there is proper recording of the amount of waste delivered on a daily basis. The waste dumped is leveled using bulldozers and
get compacted in low laying-areas on the site. The landfill has no fence,
no leachate treatment facility, no odor and emission control, no rainwater drain-off, no proper access road in addition, the compactors and
bulldozers, working at the site are in a bad condition without proper
maintenance.
The open dumping of waste in Rappi landfill is resulting in an extremely
serious health and environmental hazard. Since the site is located close to
residential areas, the people living close by remains the highest victim of
the site. Moreover, there are more than 200-300 scavengers working on
site daily and reside close to the site. The scavengers are working daily on
the site with direct contact to the different types of wastes. Since there is
no proper waste sorting at source and hazardous waste separation it is
observed hazardous waste dumped on the site from hospitals and industries. Besides the health hazard to the people working and living close to
the site, the radical environmental treats to the soil, surface water and
ground water is devastating. Even though, it is clear that the open dumping is resulting in a serious health and environmental hazard, it is continuously being practiced in Addis Ababa city.
Moreover, it is observed from the physical site visit that the scavengers
that include women and children working on the site without any gloves
and protection masks. In general, the people working on the landfill are
on a direct contact to waste, in addition to the extremely hot, temperature during the day and with exposure to a high risk hazardous waste.
Based on the interview made with the Scavengers, it is learned that there
are people who has worked more than 40 years on site. Because of limited alternative of having other jobs, they still continue to work with all
health problems they already have. On the other hand, the interview has
revealed that the daily incomes of the scavengers are good enough to
help them lead their lives. As a result, they have engaged their family
(women and children) in the scavenging business. This shows that if the
Municipality improves the working situation and creates better marketing
options they could earn more and can perform a good job that can alter
the serious environmental degradation being undertaken at the landfill.

Waste Recycling and Material Recovery in Addis Ababa

Waste recycling in Addis Ababa is being practiced in an informal way.
There is no properly designed recycling scheme in the city. Besides, the
Municipalities have no participation in the waste recycling activities undergoing currently. However, the informal recycling has an exceptionally
good contribution to the success of the Municipal Solid Waste Management. Recycling being one of the hugely valuable components in the integrated Solid Waste Management Hierarchy, it should have been given
an extremely important place in the waste management system in Addis
Ababa. The fact that there is a potential of recyclable waste in the city
should encourage the Municipalities to take part in the Recycling. In the
landfill mentioned above ' Reppi', there are scavengers living their life
based on the income they generate from the daily recycling activities they
perform at the site. In the study, a number of them were interviewed
which will further be discussed later and it has been concluded that the
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potential for recycling is high. Some of them have spent almost forty
years and more on doing the business of recycling. As mentioned earlier
there are about 200-300 scavengers working on the site daily., The number includes children, women and men. They sort the waste and pick
valuable and recyclable products like glasses, plastics, scrap metal, wood
and discarded food. There are companies who regularly come and buy
the mentioned items directly from the scavengers. Moreover, there is a
central market place in the city where an informal recycling is being
done. The scavengers have customers who regularly buy items to cell on
the markets and also to manufacture recyclable products. There are
craftsmen who produce useful products using items from the collected
waste as a raw material.

Recyclable wastes and Current Recycling Activities in Addis Ababa
In Addis Ababa, the waste generation rate and composition varies based
on a number of factors such as season, living standard, urbanization and
industrialization. The fact that there are no proper data on the composition and characteristics of waste in the city make the estimation of the
exact recyclable waste amount uncertain. However, a number of previous studies show that there is potential of 10% by weight of the total
generated waste in the city such as paper, cardboard, plastic, glass, metal,
aluminum, ferrous metal, non-ferrous metal, rubber, bone, wood etc.
(Addis Ababa Health Bureau,1997)
There is a certain group of people who are performing an informal
waste recycling called 'Koralew' they go door-to-door and buy used bottles, tins, used clothes, shoes and more. There are also a certain group of
people who are practicing an exchange of household items to used cloths
and shoes named ´Lewach´. Moreover, the scavengers working daily on
the landfill site are some of the extremely useful group of people in the
informal recycling activities being done in Addis Ababa. Despite the fact
that Recycling is contributing so much to the waste reduction, resource
usage minimization, pollution reduction it has not been given the necessary attention by the Authorities in Addis Ababa. Besides, the informal
recycling has created a source of income and job to those who are performing the job on the daily basis. There is a market for the recovered
materials, and it shows that if the Municipalities try to take part in the
Recycling Sector there will be an enormous benefit to the Solid Waste
Management System.
In general, the recycling activities taking place in the city are informal in
nature. The scavengers sort, collect and sell the valuable items to individuals, small enterprises and factories. While having the interview them,
they have given the information that there are some companies who
come and collect certain items on a regular basis. This helps the scavengers to have some regular income and also they have a regular job to sort
those needed items from the waste daily. Plastic bags are one of the huge
wastes generated and disposed on the landfill. Women and children collect and arrange the plastic bags in bigger sucks and sell them per kilogram to some plastic industries. The industries are willing to buy as long
as the item is clean and arranged in a proper manner.
In the center of the town, there is a market place for used materials and
scavengers provide to the market some types of wastes like tires, glasses,
metals, aluminum. This created a very good connection and income to
the scavengers. In addition, there are also street children collecting valuable items from the Municipality containers and sell them to marketplaces. The street children also collect discarded food waste from the landfill,
Municipality containers and dust bins.
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S OLID WASTE MANAGEMENT & RECYCLING PRACTICES IN
Ö STERSUND MUNI CIPALITY , S WEDEN
Municipal Solid waste management in Östersund Municipality

Waste management in Sweden has improved for the last ten years by
continuously trying to minimize waste and increasing recycling, biological waste treatment, landfill restrictions, producers’ responsibility, strict
waste management regulations and polices including high landfill taxes.
In Sweden, now less waste is going to landfill, and more is being recycled
and incinerated.
Östersund Municipality is one of Sweden's best Municipalities in performing systematic environmental work since the early 1990's. Besides
Östersund Municipality is the first Municipality in Sweden to be environmentally certified throughout the operation in accordance with ISO
14001 EU:s standard EMAS. ISO 14001 is an international standard,
how to control and assure the quality of environmental performance of
an activity. Östersund Municipality is not only environmentally certified
but also the year's electric vehicle Municipality. The Municipality has decided on three orientations for environmental work. The first is the reduction of air pollutants and greenhouse gases up to 60% by the year
2020 compared to 1990. The second is a reduction in energy use to be
able to reduce energy use by 1% per year. In general Östersund Municipality, is best on climate change initiatives through a comprehensive and
ambitious work in all areas. Östersund Municipality, being one of the environmentally successful Swedish Municipalities, it has its own strategies
and policies to implement a practical waste management system both
towards the households and industries in the city.
Solid Waste Management in Östersund Municipality is being effectively
done in cooperation with some private companies and the residents. The
residents contribute so much to the success of the Solid Waste Management System in the Municipality as they are aware of the environmental
benefits and hazards related to Solid Waste. While visiting the Grafsåsen
waste disposal center, it is observed that the residents take care of their
waste properly by sorting and bringing them to the recycling center and
nearby recycling containers. It was fascinating to see people bring their
properly sorted waste to the recycling center and drop to each labeled
containers in the Recycling center. The solid waste is sorted from the
source that is from the households. The Municipality has created awareness among the society intensively by using different communication
methods. In addition, according to the environmental management
group in the Municipality, they have created awareness among kids at
school to make them understand the importance of managing their own
waste and also check how it is being done at their home. The parents also witnessed that it changes so much in the households because the parents became even more conscious due to the fact that their children became interested in the waste sorting and recycling. The Municipality has
published and distributed different writings on waste sorting and recycling. Moreover, every housing company in the Municipality gives a particular type of plastic bag which is prepared to collect all food wastes
from the households. Therefore, every family separates the food waste
from other types of waste and drops to the container prepared by the
housing companies. It makes it remarkably easy for the Municipality to
use the food waste for composting.
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Generation and Characteristics of Solid Waste in Östersund Municipality
In Sweden 1% of household waste was land filled in the year 2010 that is
a 33% decrease from that of in the year 2009. The environmental goal of
having 50% of the household waste to be recycled has succeeded in
2010. A total of 49.2% of household waste is recycled, and a total of
48.7% was sent to energy recovery. The biological treatment of food
waste in 2010 was 214,300 tones, which have increased by 20% to that of
the year 2009. (Swedish waste management, 2011).
The amount of household waste land filled in Östersund during the year
2008 was 2094 tones, and the total amount of collected household waste
was 18,394 tones which was less than the previous year (2007= 19,292
tones and 2006= 19 621t). The amount deposited construction and industrial waste was 3,018 tons. The total goal not to exceed 2,000 tons of
household waste to be disposed of has almost been
reached.(Miljöredovisning, 2008)
According to the household waste analysis done in 2008 in Östersund
the result shows the waste mostly consisted of recyclable waste which is
producers responsibility 40.9% (2007 it was 53.1%) and combustible
waste was 36.8% (2007 it was 30.2%). The share of bio or organic waste
was less than 13% (2007 it was 10.7%) while the proportion of residual
waste was 9.23% (2007 it was 3.6%), electrical and electronic products
were 0.04% (2007 it was 2.4%) and hazardous waste 0.02% (2007 it was
0.01%). (Miljöredovisning, 2008)

Östersund Municipality-Key Authority of MSW Management
The General Environmental Work in Östersund Municipality is done according to the Agenda 21of European. This includes the Municipality’s
Environmental Rules, Regulations and Aim to achieve and improve a
sustainable society. The Municipality regularly updates and increases its
goal to be able to accomplish its aim and more. The vision called “Agenda 21” is formulated in 1993 by Östersund Municipality which aims towards the better future regarding all environmental issues. The Agenda
was originally aimed to 2025, and now recently it is updated to the year
2040 with the help of the consultation of the residents of Östersund
Municipality. The purpose of the local Agenda is to be an aid and a driving force in the long term development towards a sustainable society.
The leading statement for the Agenda 21 says “We, the citizens of Östersund have created a sustainable community characterized by proximity
and diversity, which we can, in all good conscience, leave for our children and grandchildren to inherit.” (Agenda 21)
In order for the Municipality of Ösetersund to have a clear goal towards
current environmental issues, and reach them out properly, the Agenda
is found very helpful with a continuous update. In general all the environmental activities are being undergone in Östersund are based on the
‘Agenda 21’. The Municipality’s environmental plan is the priority environmental issues, environmental policy and the adopted orientation. Preferred aspects 2012
1. Emissions from road transport, hauling and machinery
2. Greenhouse gas emission
3. Energy
4. Protection of municipal water
5. The environmental impact of storm water
6. Use of the great lake as a resource (Agenda 21, Östersund
Kommun)
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In general, the overall MSW management is performed and managed by
the Municipality of Östersund including all household waste collection,
transportation and disposal. All combustible wastes are being collected
and transported to Sundsvall incineration plant, all organic wastes are being composted in Östersund and all recyclable wastes are being delivered
to the three household recycling centers named Odenskog, Brunflo and
Lit located in the City. The companies in Östersund deliver their recyclable waste in Gräfsåsen waste disposal center with an extra payment.

Waste Collection Procedure and Transportation of Collected Waste in Östersund
Municipality

In Östersund Municipality for the residents living in Apartment Buildings, there are waste collection rooms, where the residents throw away
their household wastes. The Municipality provides the housing companies free of charge with a green plastic bag for collection of food wastes.
The residents are continuously being encouraged and informed to sort
their wastes at the household level according to the instructions and
guides provided by the Municipality. The information how to sort
household wastes are published and made available on the Municipalities’ website. The residents have the responsibility to sort and dispose
their waste to the right waste disposal containers in the collection room
located close to every housing. In the waste collection room there are red
containers for hazardous waste, green containers for combustible and
organic waste and a separate room for bulky waste. The overall household waste collection is done by Östersund Municipality for all types of
wastes except packaging wastes and newspapers. There is a company
called FTI (Förpackning & Tidning Insamling) which collects and takes
care of all the newspapers and packaging wastes both from households
and companies. For residents living in villas and summer houses there is
a regular waste collection schedule. The residents are responsible in sorting out their waste according to the regulation set by the Municipality.
For bulky waste and recyclable wastes, the residents need to deliver them
to the nearest recycling center free of charge. The transportation of
newspapers and packaging waste is not the responsibility of the Municipality rather the responsibility of the producers. Therefore the responsibility of the residents is to collect or deliver to the right container close
by the Apartment buildings or the nearby recycling center. All combustible wastes are being collected in Gräfsåsen waste disposal Center and
transported to incineration plants in Sundsvall. All organic wastes are being composted on an open window composting in Östersund. The hazardous waste is safely collected and transported to the recycling centers.
Waste which is neither recyclable nor combustible and is harmless to the
environment is then transported to the landfill.

Waste Disposal Facilities in Östersund Municipality
In Östersund Municipality the waste collection and treatment is highly
effective. From over all waste collected in the city approximately only
5% is being disposed of to a landfill. Wastes which are neither combustible nor recyclable and harmless to the environment such as drinking
glasses, window glass, porcelain, fuses and wire wool is disposed of to
landfill in Östersund. The continuous plan and aim of the Municipality
are to decrease the amount of waste being disposed of by increasing
waste recycling both to energy and product. By doing so the Municipality
managed to decrease the amount of waste being landfilled to a very limited amount. Every year the municipality tries to minimize the amount of
waste that goes to the landfill by continuously increasing the awareness
among the society the importance of waste sorting and recycling.
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Waste Recycling and Material Recovery in Östersund Municipality

According to the household waste analysis done in 2008 in Östersund
the result shows the waste is mostly consists of recyclable waste which is
producer’s responsibility 40.9% (2007 it was 53.1%) The newspapers and
packaging wastes are the highest amount of waste that is being recycled
in the city of Östersund. The population in the city is well informed of
the benefit of recycling therefore it shows a great impact for the drastic
increase of recycling activities for the past few years. There are small recycling corners nearby the living areas and moreover there are three big
recycling centers in the city. In addition there is one waste sorting and
recycling center for companies in Östersund City. As the Municipality
continuously tries to create awareness among the society to be able to
sort their waste and practice recycling day to day the waste management
practices has increasingly being improved. Every household sorts, recycles and delivers waste to the right containers. While visiting recycling
centers in the city it is noticed that the residents are very determined in
sorting and delivering their waste to the right containers in recycling centers. Moreover the Municipality has facilitated that the service in the recycling centers is free of charge for households. This also encourages
people to come and deliver their recyclable waste at any time of the
opening hours.

Recyclable wastes and current Recycling Activities in Östersund
Types of wastes being delivered to Recycling centers in Östersund includes,
1. Hazardous waste
2. Metals
3. Corrugated cardboard
4. Wood
5. Impregnated wood
6. Plastic-Paper-Fabric-Foam-for incineration
7. Glass-Porcelain
8. Gypsum
9. Garden waste: Strains, Branches, Twigs, Leaves, grass,
Packaging and newspapers do not belong to recycling centers rather they
are being collected by curbside collection method. There are 40 collection containers in the city of Östersund for packaging and newspapers.
Besides waste generated each day at home such as envelopes, napkins
should be discarded in the trash at home should not be placed in a recycling center.

R ESULTS
Comparison of MSWM and Recycling Scheme in Addis Ababa, Ethiopia with Östersund Municipality, Sweden
Legal and Institutional Framework

In Addis Ababa, Ethiopia solid waste management practice mostly done
by Municipalities which includes full responsibility to collect, transport
and disposal process. As recently it is becoming common for small private enterprises to participate mostly in solid waste collection practices.
In Östersund both the Municipality and private companies are responsi
ble for both Solid waste management and Recycling Practices in the city.
Östersund Municipality is responsible for collection, transportation and
treatment (biological treatment, recycling and incineration) and disposal
(landfill) of solid waste. The Municipality has a long term goal and regu-
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lations to achieve a sustainable society. As discussed in chapter 6, Agenda 21 is one of them. Östersund Municipality continuously updates and
improves the goals and regulations in order to evaluate and implement in
a better way. Östersund Municipality uses economic instruments in order
to implement policies which include waste collection and treatment
charges, landfill taxing. Moreover in Östersund the Municipality follows
a concept “Producers Responsibility” which made it effective to handle a
packaging, paper waste, tires and cars collection and recycling. Besides
the Municipality has a regulation that all Electronic wastes also be delivered to recycling centers and the responsible producer should collect and
take care of them.
In Addis Ababa, the present law and regulation regarding solid waste
management is insufficient towards proper and sustainable waste management. This is because the law and regulation does not penalize illegal
waste disposal on street, ditches, river banks, open areas. Moreover, the
regulation is not strict enough to provide penalty to workers who do not
perform the waste collection and disposal activities properly. In Addis
Ababa there is no standard for collection and disposal of Municipal solid
waste and no regular time table either. Therefore this makes the solid
waste management practices inefficient and unhygienic. Besides, there
are no standard rules and regulations in Addis Ababa, Ethiopia for Recycling and Waste Disposal. This shows negligence to the very important
waste management method, Recycling, hence a lot more waste collection
and disposal costs. The Municipalities have no current agenda of participating in the informal Recycling practices on going in the City of Addis
Ababa. On the other hand, Östersund Municipality has a very detailed
and strict solid waste management and recycling rules which encourage
and obliges both residents and companies in the City of Östersund.

Financial and Infrastructure aspect

In Addis Ababa, Ethiopia the issue of waste management is a lowpriority item in the government budget allocations. As a result, the financial base for Solid Waste Management activities is insubstantial. The local
government has been overseeing the issue of waste management and its
importance. Being a very serious health and environmental issue, Solid
Waste Management, is still not given a proper attention to practice and
implement in the city of Addis Ababa appropriately. It is obvious that
the financial resources are important for the implementation of the Solid
Waste Management Service. One of the important financial resources is
tax. Tax collection is the responsibility of the Municipalities. Besides
Municipalities have other sources of income such as aid, assistance, loan
and so forth. The availability of these financial sources helps the Municipalities to execute major urban services. However in Addis Ababa taxes
are not properly collected. As many other developing countries, the most
commonly collected urban tax in Addis Ababa is Property tax. Even
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Table 7. Comparison of MSWM and Recycling Scheme in Addis Ababa,
Ethiopia with Östersund Municipality, Sweden.
Description
Area, population &
climate
Waste type of MSW

Source Reduction

Collection

Recycling
Composting

Incineration

Landfill

Addis Ababa
540 sq. kilometer, 3 million people, Average temperature 21°C to
25°C
Mostly organic waste, with high
moisture content , generate
0.252kg/capita/day

Östersund
2,517 sq. kilometer, 59,136 inhabitant,
Average temperature -12°C to 20°C

No formal way of waste reduction
but reuse and low per capita
waste generation
Collection rate 50% and more.
Involvement of small enterprises
and NGOs.
Informal recycling practices.
Localized markets.
Great potential due to the type of
waste but almost no composting
is being practiced.
Not successful due to high initial
cost and high moisture content in
the waste

Organized programs like producers
responsibility to emphasize source
reduction and reuse of materials
Collection is done regularly by the
Municipality and using compactor
trucks.
High technology of sorting and processing
Waste portion has a small portion of
compostable, has been processed in
landfill cell with high technology.
The combustible waste goes to Sundsvall for energy recovery system. Very
successful with high emission control
technology.
Sanitary landfills with a combination of
leachate collection system and gas
collection and treatment system.

No sanitary landfill, rather open
dumping is being practiced.

High proportion of packaging, paper,
plastic, metal, glass.

though it is not easy to administer, property tax is the most frequently
used municipal tax in Addis Ababa, Ethiopia. Local income tax and personal taxes are other sources of revenue for Municipalities. However due
to difficulties of tax assessment and collection the central government of
Ethiopia is generally less willing to share income tax revenues due to the
small proportions of the working population in fixed wage employment.
Tax on motor vehicle and fuel, taxation of electricity, taxes on entertainment are other sources of revenue for municipalities of developing
countries based on the existing legal and political situations of each
country. (Gugler, 1998; Fisher; 1987)
In general the tax collection system in Addis Ababa is not good enough
to enable the government have sound financial stability to be able to give
sufficient urban services including solid waste management. As a result,
the government allocates the limited finances based on its priorities and
environmental issues are not considered as high priorities in Addis Ababa, Ethiopia.
In Östersund Municipality, direct fees are collected from households,
commercials and industries. For example households pay a basic fee per
year plus a fee which varies depending on how often the garbage is collected, how much it weighs and the type of garbage.
The fees described above are the main sources of income for the Management of Solid Waste in Östersund Municipality. Every household is
liable and committed to the fees required. In Addis Ababa Ethiopia solid
waste management service charges are collected with water consumption
rate. The service charges are fixed according to the amount of water con-
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sumed in terms of ability and willingness to pay. For example residential
houses pay 20% of the water consumption fee whereas commercial
houses pay 42.5% of the water consumption. Collection of garbage is
regular and full coverage for places where access road is not an issue. For
places where collection of garbage is difficult due to certain factors several garbage containers are placed. In Addis Ababa due to inadequate infrastructures, manpower and modernized equipment Solid Waste Management is not effectively being implemented. The rapid population
growth and urbanization is causing the city to produce more waste.
However the Solid Waste Management methods and processes are not
yet capable of handling the waste being produced. The waste collection
practice is the most inefficient part of the solid waste management system in Addis Ababa, Ethiopia this is due to reason that there are no adequate infrastructures and Trucks. The dumping trucks in use are not in a
good condition either. The very bad road condition in most of the residential areas and the dumping site worsen the condition of the dumping
trucks. Moreover, the unavailability of spare parts led a number of trucks
to stay in garages for many days. It obviously results in a high operational
cost to the collection of Solid Waste in the City. It also results in lower
customer satisfaction and so less cooperation of the inhabitant to the
Solid Waste Management Practices in Addis Ababa, Ethiopia. The city of
Addis Ababa generates a solid waste of 0.252kg/capita/day. The current
daily waste generation of the city is 2,297m3 or 851 tones. Of municipal
waste per day, 65 % (1,482m3) is collected, 5% is recycled and 5% is
composted. (Addis Ababa city SBPDA, 2003). The remaining percentage
of uncollected waste results in health and environmental hazard which
includes strong offensive odor, air pollution, breeding of mosquitoes,
flies, producing and spreading microorganisms. In addition leachate from
the scattered organic waste contaminates surface and ground water.

Operational Technique of MSWM
Waste Sorting & Collection

The physical composition of Solid waste in Addis Ababa city shows high
proportion of organic waste (over 60% by weight and 90% by volume).(Ashenafi,2001) The daily waste generation in the city of Addis Ababa is composed mainly of vegetables, grass, trees, wood and so on. The
great source of Green House Gas emission is Organic waste. The organic waste which mostly land filled in Addis Ababa is the source of surface
and ground water contamination, air pollution and soil contamination.
Therefore using the excess organic waste as a source of income instead
will save both the environment and the society from hazard. Composting
could be the best alternative in Addis Ababa due to the high organic
content of the waste composition. Composting has a great benefit in decreasing the organic leachate which instead could have polluted both the
soil and ground and surface water.
Immediate source sorting is required in Addis Ababa so that the organic
waste can be used as a raw material for composting. Composting eliminates a very big portion of waste from being land filled. Therefore, in
Addis Ababa it is very important to encourage and try to arrange a very
good means of source sorting. In Östersund the waste composition
shows less organic content and almost every household practice source
sorting. The Municipality has facilitated all the necessary information
that helps the inhabitant to do the source sorting properly. Moreover,
the Municipality has arranged a separate green bag for food waste collection for the people living in an apartment building. Waste collection is
done by the Municipality on regular basis from apartment buildings, vil33
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las and summer houses. All the organic waste is collected and composting is done by the Municipality throughout the year on an open field.
Home composting is also common for people living in villas. On the
contrary in the city of Addis Ababa, Ethiopia the composting activities
are very low (< 5%) and source sorting is not practiced properly. (Addis
Ababa Health Bureau, 1997)The low income family are found to be very
effective in sorting their garbage due to the fact that they are very conscious in the things they are wasting however the high income family are
found to not to care to sort their waste. In the study it is discovered that
reuse and recycling is more common in the low income families in Addis
Ababa Ethiopia. Moreover, the communal bin waste collection method
is not found efficient because it is open and exposed to both animals and
people sorting waste for their personal benefits (Street boys & Scavengers), it easily be scattered on the surrounding and produces leachate due
to its exposure to rainwater. As a result, it pollutes the surface and
groundwater. Besides, it results in a serious health hazard to children
playing in the surrounding area. In Addis Ababa the communal waste
containers are placed in an average distance of 200-300m or more from
residential areas. Therefore it is very likely that the children living close
by can seriously be in danger including grownups due to the strong offensive odor and contaminated leachate produced. In Östersund Municipality the majority of people live in an apartment building and the waste
collection is done in a room particularly arranged for this purpose. The
room is equipped with different containers which have different labels
and colors. There are containers for hazardous waste, food waste, home
garbage, and so on. People living in Östersund are well informed and are
disciplined for sorting out their waste. In addition, all the newspapers are
being collected and recycled therefore all the people drop their newspapers in the nearby containers particularly arranged for this purpose. The
waste sorting and collection is very effective in Östersund Municipality
in the year 2008 only 1.13% of waste was land filled. The rest of the
waste had been recycled, composted and reused.

Recycling & Recovery Process
In Östersund Municipality recycling is well organized and being properly
practiced. The people living in the city are very determined in making recycling their day to day habit. The Municipality plays a vital role in letting
the people and their children understand the importance and huge benefit of recycling. Different important papers has been published and distributed to the society in order to increase the awareness of the benefits
of recycling. Kindergartens and elementary schools also arrange campaign where the children learn and practice solid waste recycling. It also
encourages the parents at home since the children are informed to check
how their parents do the waste sorting and recycling. In Östersund Municipality recycling has been shown a great economic value as means of
resource recovery. There are a number of private companies that are participating in marketing and processing recyclables and the Municipality
supports them by facilitating the provision of recyclable materials, creating the market and formulating regulations. On the contrary, in the city
of Addis Ababa, Ethiopia recycling is not formally practiced and the participation of the Municipalities is almost neglected. The informal recycling practice in the city of Addis Ababa is done by the scavengers who
have based their life on the income they generate by collection and marketing of waste from the landfill and communal waste containers. The
market demand for recyclable material is high but unfortunately there is
no organized market in Addis Ababa city that uses municipality waste as
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a source. The scavengers sell their collected recyclable wastes to some
small private companies and moreover in the city there is a market place
where used materials are in sale. However no organized and formal recyclable waste market is available in the city. Even though the potential for
recycling is high and it shows good economic benefits recycling has not
be officially and formally practiced in the city of Addis Ababa.

Energy Recovery from MSW
In Östersund Municipality there is a high proportion of combustible
waste which is used as a source of electricity. From the waste analysis
done in 2008 (36.8%) of household waste in Östersund is combustible.
(Miljöredovisning, 2008)The combustible waste is transported to the incineration plants both to Sundsvall and Umeå. The incinerators produce
heat and electric energy from waste. The Municipality waste is a great
source of energy in Östersund. Besides it is a critical part of waste management method in Sweden in general as high quality incineration technology exists and high proportion of waste is combustible. Moreover,
since the EU directive has a very strict rules and regulations over the
emissions to air new technologies are required to make incineration pertinent. The requirement to have an emission free incineration process
makes the investment expensive. However Sweden has the high technology which put into account the greenhouse gas emission in the incineration process. Therefore it is successful way of waste management and
energy recovery method. The emission gases mainly are NH3 and dioxides which are very low and continuous adjustments are being done in
order to improve the existing incineration plants. On the contrary in Addis Ababa Ethiopia incineration is not an environmentally friendly way
of waste management due to low investment and no advanced technology. The incineration plants existing in the city are very few and are not
constructed in a proper way to minimize greenhouse gas emission instead they contribute to the air pollution. Unlike Östersund the waste
composition is highly consists of high moisture content and organic
waste. Therefore incineration is not the best way of solid waste management method in Addis Ababa Ethiopia.

MSW Treatment & Disposal Facilities

Östersund Municipality is one of the best Municipalities in Sweden to
take care of the environment. The Municipality has a high standard and
technology for treating Municipal Solid Waste. The Municipality has its
own environmental aim to be able to achieve the highest standard and
effective waste management and pollution minimization strategy. Östersund Municipality has become successful in minimizing the amount of
waste that is being disposed to the landfill and more. The Municipality
uses different waste management strategies and methods to be able to
get benefit from the waste and minimize its hazard to the environment.
The very small percentage of waste which is disposed to the landfill is
the waste which neither is recycled, reused or energy recycled. The landfill is well designed with both leachate treatment and gas collection procedures in order to protect soil contamination and surface and groundwater pollution. In Östersund most of the Municipal solid waste
management activities are managed and performed by the Municipality
itself. The collection and transportation of waste from households is
done by the Municipality. As the residents are well informed and encouraged the household waste is mainly sorted from the source. Food waste
and household remains are being separated and sent to compost and incineration plant by the Municipality. The Municipality takes care of the
composting and transportation of waste to the landfill. The transporta35
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tion of combustible waste to the incineration plants is done after sorting
out all combustible waste from the household and industrial waste at
Gräfsåsen in Östersund. Gräfsåsen is a waste disposal and waste sorting
center where all the companies and householders damp their recyclable
and combustible waste. In the center a huge sorting activities undergo in
order to separate the organic and combustible waste so that to transport
to the incineration plants and the compost field. Recycling is the very
best way of Municipal Solid Waste Management practice being performed in Östersund both by the households and the industries. There
are three recycling centers named Odenskog, Brunflo and Lit located in
the City for the household waste and one for the industries (Gräfsåsen).
All the solid waste management processes being undertaken in Östersund Municipality are of high technology standard and efficient in protecting the environment. As a very small amount of waste is being land
filled (1%) the rest are being recycled, combusted and composted.
(Miljöredovisning, 2008)This shows that Östersund Municipality has got
a very efficient Solid Waste Management Practice. Unlike Östersund, the
landfill in Addis Ababa has no proper design and pollution protection. It
rather is an open damping site where all kinds of waste from households
and companies being disposed of. The air pollution, solid contamination,
surface and ground water pollution is very high in this area. Moreover,
since the site is located close to residential area the people living close by
are suffering from the offensive smell and transmission of contagious
diseases due to pests and animals. The landfill in Addis Ababa, Reppi
Land fill has no impermeable layer protection in order to prevent the
leachate from being infiltrated into the ground. Due to the high moisture
content and organic nature of the waste in Addis Ababa the leachate is
of high pollution loads. As a result, the infiltrated leachate is severely affecting the surface and groundwater. Besides, there are no hydrological
studies in order to monitor the ground water pollution level and to be
able to mitigate the issue. It is obvious that recovering polluted ground
water takes decade and involves huge cost. In Addis Ababa the landfill is
getting filled up due to the reason that it is the only landfill site in the
city. Besides, the Municipalities use waste dumping as a cheaper and easier alternative. Therefore, it is very important for Addis Ababa city Municipalities to think and work hard in order to use other techniques to be
able to Minimize, Reuse and Recycle Waste.

Public Participation
It is evident that the success of Östersund Municipality is due to the fact
that the Municipality has taken the first step in creating awareness among
the residents. According to the Environmental department in Östersund
Municipality the information creates a great impact on public awareness
and participation in Municipal Solid Waste Management. The Municipality has done a great job in encouraging and guiding the residents.
Östersund Municipality has made different important waste management
rules, regulations, guides available in different ways, for example, the residents can check and follow every detail information regarding waste
sorting, Recycling and waste disposal through mass medias. The Municipality facilitates every possibilities to maximize waste sorting and recycling practices in the town by for instance closely following and encouraging the residents. Moreover, the Municipality every year describes the
environmental works have been done and the achievements which has
been accomplished. This let the residents be encouraged and take part in
the success of the environmental goals. The Municipality creates awareness in kindergartens, primary and secondary schools to make the chil-
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dren conscious enough about waste handling at the household level. According to the Municipalities’ environmental team the children are instructed to check how waste sorting is being done at their home. Therefore the children are checking how their parents perform the sorting. In
general Östersund Municipality has done a very successful job to be able
to make the residents take part in the solid waste management practices.
The Municipality has been nominated as being one of Sweden’s best environmentally friendly Municipalities. On the other hand in Addis Ababa, Ethiopia the number of people who has got the awareness how the
environment is being affected by our day to day activities are almost negligible. The high percentage of illiteracy made the environmental ignorance high. Besides according to the interviews performed, people in
Addis Ababa are found to be less concerned about the serious environmental degradation being undertaken in the city. This is because the
people consider that this is not their responsibility. Therefore, the Municipality, taking into consideration the very sever environmental degradation, has to design a means to outreach the society by making them
understand how serious the environmental situation is right now. Moreover, creating a very good and useful information exchange flow will
surely help the society to get sufficient knowledge on how the day to day
activity of each one of us affects the environment both positively or negatively. As we can learn from Östersund Municipality the effort made to
help and encourage the residents has resulted in such a successful Solid
waste management and recycling practices throughout Östersund city.
As a result, the Municipalities in Addis Ababa need to focus on how to
pursue the society to be able to take part in the very important environmental issues. The participation of the residents in sorting, recycling and
managing the household waste in Addis Ababa would definitely results in
a great success in improving the sever environmental degradation attributed by the mismanagement of Municipal Solid Waste. Besides, the
detailed information availability to the people in Addis Ababa encouraging them with cost reduction related to waste collection, disposal and recycling can increase people’s interest in participating on the environmental issues amending practices. Above all it changes people’s attitude
towards waste handling, as the community discriminates people who are
engaged in waste management services. Moreover, if the Municipality
tries to take the informal recycling activities into well organized and formal way, it will help the scavengers, street boys and the residents to take
part in the marketing. Organizing and equipping the scavengers will result in a successful recycling scheme. Recycling can be good business in
Addis Ababa because there are many people who have already based
their income on the small money they earn form the informal recycling
practice. Therefore, for the Municipalities to take part in contributing to
design a formal recycling scheme in the city would help the people to
participate in improving the environmental issues in the city.

D ISCUSSIONS
Improvement of Municipal Solid Waste Management Processes
Waste Sorting
Based on the experience from Östersund Municipality it has been observed that the Municipality has a very successful and modern solid
waste management and recycling practices. The first and the most important stage in the solid waste management scheme is waste separation.
The Municipality has become successful in helping, encouraging, giving
proper guidance and in participating the residents at this very important
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step of the Household waste management practice. As a result, the residents separate carefully all types of waste and place them to the right
containers and recycling places. This has eased the next steps of the Solid
Waste Management processes which are the collection, transportation
and the recycling. Therefore the first and most important thing to do in
Addis Ababa city to make the Municipal Solid waste management possible should be encouraging and teaching the residents to be able to make
waste separation a habit. Sorting items which can be recycled, reused,
composted and landfilled will ease the collection, transportation and recycling of solid waste in the Municipalities. As a high percentage of waste
in Addis Ababa city is organic the proper separation will result in a reasonable amount of waste reduction and composition. Therefore, the
Municipalities need to pay a serious attention to encourage and practice
waste separation at the source. Since transportation is the highest expense of the Municipalities in Addis Ababa, waste reduction plays an important role in establishing economical waste management system.
Moreover the beginning of waste separation opens a very wide door to
the formal recycling practices in the city of Addis Ababa. In parallel the
Municipalities need to try to allocate resources to practice a formal waste
recycling in the city. This requires a well-organized waste management
team which continuously study, analyze and implement useful waste
management and recycling plans.

Waste Collection, Transportation and Storage
As we learned from Östersund Municipality the waste collection is done
by the Municipality itself. As the waste separation makes the waste collection easier, the Municipality collects all types of Municipal wastes and
delivers to their destination. The reduced amount of waste gathered in
differently colored and labeled containers is being collected by a waste
collection trucks. Then each type of waste such as organic, hazardous,
combustible, etc. waste will be transported to the right place. As most of
the residents in Östersund lives in apartment buildings the housing companies have already arranged rooms with different containers where the
residents throw their waste properly. Therefore, the Municipality collects
the waste from each apartment waste room on a regular basis. For residents living in villas and summer houses they have their own dust bins
and communal recycling centers where they sort their own waste and
dump for the remaining waste types they wait for the Municipality trucks
to collect them on regular basis. In Addis Ababa city, the Municipalities
heir small private enterprises to perform the waste collection processes.
Municipalities’ trucks collect waste from households and communal collection containers. The small enterprises use cart as their collection vehicle so that it is easier to reach every household even with access road
problems. The Municipality trucks collect waste from the communal collection containers and from some residents with collection dust outside.
On the other case where it is difficult for the small enterprises to access
the road the residents themselves deliver their waste to the nearby collection container. The containers are collected by the Municipality to be
landfilled. Mostly the containers are placed on 200-300m range but some
Municipalities have their communal containers allocated far from the
residents which make the waste delivery by the residents difficult. As a
result it has been observed an illegal waste delivery and inefficient waste
collection. Therefore the Municipality needs to help to organize and heir
more private enterprises and scavengers who can be very helpful to facilitate a proper waste collection. As waste collection is a good stage to
start the scavenging activities hiring and organizing the scavengers in a
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good manner helps both the Municipality and the scavengers. From the
study visit it has been observed that the informal scavenging activities
performed at the dwelling areas, communal containers and landfill site
are not well organized and safe. Therefore hiring the scavengers hugely
contribute to the safer and successful waste collection process in the
Municipalities in Addis Ababa city. At the same time we are encouraging
waste recycling to take part as the very best waste management alternative. Since scavengers base their daily income on the small reusable, recyclable or salvageable waste recovers it will be helpful to encourage, organize and heir them. The Municipality taking their valuable contribution
to a successful waste management into account it is very crucial to think
of supporting them. On the study it is believed that Scavengers in the
city of Addis Ababa contribute a lot to the success of Municipal Waste
Collection and Recycling processes. As they are truly interested and engaged on the waste as their business it will be very easy to make them focus more and use the day to day waste as a resource. From the different
interviews made with the scavengers and street boys in the city it has
been concluded that they are very much committed and determined for
their duty as it is paying them back. As mentioned in Chapter five of this
report the scavengers on Reppi Landfill earn at least (120birr=35kr) everyday which is a very good income comparing to the daily income of
other professions in the City. Therefore Scavenging is an interesting job
which can lead to a great success in the waste management and recycling
process of Municipal Waste. Moreover, as there are a high percentage of
street boys in the city it would create a great hope and employment to
those who are basing their life on the small waste recovery income. The
other very serious fact the Municipality should take into account would
be the health risk of people working against waste. From the study it is
observed that none of the scavengers, the street boys or the small enterprises’ waste collectors have been noticed using proper gloves and other
important protections. As a result most of them got sick and have serious health problems. Therefore, it is very important that the Municipality
all the time checks and regulates the waste collection and transportation
safely. As the organic waste is wet and could make a bad smell and collect different types of animals, it is very crucial to make sure that it is
separated from other types of waste using plastic bags.
In addition the Municipalities need to think of improving the condition
of waste collection trucks and access roads so as to deliver an improved
waste collection service.

Waste Reduction
In Östersund Municipality the waste reduction is being effectively done
due to the fact that the people are well oriented to waste sorting and
source reduction. The source reduction is by trying to avoid buying
things with unnecessary packaging and trying to buy things which are
environmentally friendly means to use recyclable and reusable products.
In addition by sorting household waste properly, the useful and recyclable wastes are being delivered to the nearby recycling centers. Moreover,
the organic waste is being composted and the combustible waste is being
burnt to generate energy therefore the amount of waste that is being discarded is only 1% of all the total waste generated in the town. This
shows that the Municipality is effectively using the waste as a resource.
As we see the waste type in Addis Ababa mostly it is organic waste. To
be able to achieve waste reduction in Addis Ababa it is very important
that the residents are well informed and encouraged to sort their wastes
out properly so that all the organic waste can be composted. The Munic-
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ipality needs to inform the residents to have a know how to be able to
reduce waste from its source. A great job is needed from the Municipalities in Addis Ababa to continuously arrange seminars, short courses and
lectures in schools and ‘Kebeles’ where people can go for free and get
educated. In addition publishing of environmental concerning information on newspapers and other mostly readable public sites would surly
help people to understand how to stop generating unnecessary waste.
The information sector plays an important role in keeping the residents
educated. Consequently, there will be improvements in the way of thinking and the children at school will be very helpful to let their parents
know how to deal with their household refuses. As we have learned from
Östersund Municipality the information sector has been doing a great
job in letting the residents have more and more concern about the environment and the impacts each one of us exerting to the environment.
Similarly the Municipalities of Addis Ababa should persistently start to
organize information teams which carefully try to address every part of
the society to let them take part in protecting and improving our planet.
Then Waste Reduction can definitely be possible.

Waste Treatment
Composting
In Östersund Municipality composting is being done in a very modern
and efficient way. As Composting is nature’s way of recycling organic
waste to a very useful humus-like substance. An open air composting is
done in Östersund as it has high maintenance cost and needs a high
technology this type of composting will not be effective in Addis Ababa,
Ethiopia. Since the waste composition shows that over 60% of waste in
Addis Ababa is organic it will be very useful to start to give composting a
priority to practice. Composting is being done in Addis Ababa in a very
small scale at the household level. The waste composition shows that
there is a high potential in the waste type in Addis Ababa to implement
composting as a waste treatment process. However today there is no
much composting undergoing in most of the Municipalities in Addis
Ababa. As it has been discussed earlier organic waste is the most dangerous waste that contributes to the greenhouse gas emission and air pollution. The methane gas produced by the decomposition of the organic
material pollutes the environment. As a result by composting the organic
material we can save the environment and find a very useful byproduct
which can further be used as a fertilizer. Taking into consideration the
fact that more than half of waste production in Addis Ababa is organic
the Municipalities need to try to take composting as a very important
waste treatment process. In addition to the waste management solution
composting produces a byproduct which improves the agricultural soil
condition in Addis Ababa, Ethiopia. Therefore, composting is one of the
best waste treatment processes which are very applicable for developing
countries like Ethiopia.

Sanitary Landfill
In Addis Ababa the landfill existing in the main city is named ‘Reppi’. It
is located nearby residential areas. In addition there are more than 200300 scavengers living their day to day life on the site collecting and recovering useful materials. However the site has no proper design to be
able to control the soil and water contamination together with the air
pollution. The site is an open dumping place where all kinds of waste
from different part of the city are being delivered without a proper sorting. This is making the environmental degradation worse and worse each
day. What makes it very sever is that no amendment is done yet though a
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number of studies have been conducted regarding the fact. Therefore,
based on this study conducted both in Addis Ababa and in Östersund
Municipality, it is concluded that land filling is not a better alternative
any longer. Östersund Municipality has managed to decrease the amount
of waste to be discarded on landfill site to 1%. The main focus has been
given to take advantage of waste by using it as a resource. Consequently,
rather than thinking of designing and creating a sanitary landfill in Addis
Ababa other alternative waste treatment processes has to be prioritized.
As the majority of wastes in Addis Ababa have a high organic content, it
is better for the Municipalities to take into account the idea of developing composting projects throughout the city. This will contribute highly
in waste reduction, less landfill space, no water and soil contamination
and no air pollution. In addition, composting is very economical and income generating than designing and constructing sanitary landfill in large
scale. The existing landfill is more than 60% full and it is expected to be
full in the next 5-10 years. Therefore, it is very important for the Municipalities to give more attention to other alternative waste treatment methods than landfilling. Even though it is economical to dump Municipality
waste in an open dumping site like ‘Reppi’ it has resulted in a serious environmental degradation and health hazard. Consequently encouraging
waste reduction, recycling, reuse and composting would be a great solution to divert waste from being only dumped. Educating residents and
people working among waste handling and scavenging can positively
contribute to the success of landfill minimization. The other very important point that needs to be given a proper attention is to try to create
a biogas treatment plants on the existing landfill in Addis Ababa. Since
the electricity demand in Addis Ababa is very designing to collect the
methane gas from Reppi Landfill would compensate the high electricity
demand and greenhouse gas emission. Though it could be expensive to
design and practice methane gas collection and leachate treatment method, the outcome will be very helpful both economically and environmentally friendly way. Choosing low cost and more practical method for the
leachate treatment and methane gas control at Reppi Landfill should be
developed.

Recycling and Scavenging Activities

Recycling is one of the best solid waste management methods which
have to be given a proper attention in Addis Ababa, Ethiopia. The fact
that Recycling saves energy, natural resources, reduce waste production
and environmental degradation it is a very good solution if it is made to
be the very alternative in the Municipalities of Addis Ababa. As we have
discussed in section 8.1.2 hiring scavengers to the waste sorting and collection at the household stage will contribute in increasing recycling rate.
This is because as scavengers are interested in the business they can give
much attention in sorting properly the necessary recyclable materials and
make it easier for the Municipalities to collect reduced amount of waste.
Moreover creating market for the scavengers to be able to sell recyclable
materials will be more encouraging for them to do the waste sorting
more effectively. As organic waste takes the highest waste proportion in
Addis Ababa, teaching scavenges to carefully sort organic wastes also will
increase economical waste management in the city. This is because the
majority of organic waste can be diverted to composters. In addition the
scavengers will be able to get benefits by selling the organic waste to
composters. If the Municipalities try to help the scavengers by creating
compost market at the household level, this will encourage the scavengers and also reduces the amount of waste being transported and dis-
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carded to the landfill. In addition as organic waste is very polluting composting or organic recycling will be the best solution for a country like
Ethiopia. Therefore, hiring scavengers to take care of waste at the
household level can contribute highly to the economical solid waste
management in Addis Ababa city and creates employment at the same
time.

R ECOMMENDATIONS & CONCLUSION
This section deals with recommendations for the improvement of Municipal Solid Waste Management and Recycling scheme in Addis Ababa,
Ethiopia based on the experience from Östersund Municipality, Sweden.
The section has included both long term strategic framework of Solid
Waste Management and immediate action programs which needs to be
implemented by the Municipality and the local government. Moreover
suggestions has been made to be able to improve the existing Solid waste
management practice in Addis Ababa and how to be able to make the informal recycling activities formal, well organized and profitable.
Even though it is quite obvious that implementing high technology
waste disposal and treatment methods which have been practiced in a
developed country like Sweden could be hard to try in Addis Ababa,
however Waste Management Strategies, Techniques and Alternatives can
be learned from Östersund Municipality, Sweden. Therefore, waste management technology which is applicable to a developing country like
Ethiopia needs to be applied. The type of waste management technology
which is less expensive, socially acceptable and easy to implement needs
to be developed.
Furthermore, rather than focusing on solid waste management technologies it is far better to focus on waste minimization for Addis Ababa. The
success achieved by Östersund Municipality to be able to minimize the
waste which is discarded to landfill site, should be taken as a great encouragement to try to manipulate all kinds of waste in the city of Addis
Ababa before considering to discard them. As waste management in Addis Ababa has not enough budgets allocated, it is very important to try to
minimize costs of an appropriate service.
Besides trying to earn money from recycling could support the waste
management cost. As direct waste management fees are not easy to collect in the entire city of Addis Ababa the local government is trying to
collect indirectly together with water consumption bills and this needs to
be encouraged. Because the service fee for waste management system is
the currently available alternative which can support the waste management activities in the city of Addis Ababa. However rather than trying to
invest on waste management system in the city of Addis Ababa it is very
important to continuously work on waste reduction strategies.
As we can learn from Östersund, Sweden the Municipality is letting the
residents understand and guide how to reduce unnecessary consumptions which later results in excess waste. Moreover the Municipality arranges all kinds of information exchanges, seminars, conferences and lectures regarding waste reduction, sorting, recycling and environmental
issues in general. Therefore, it is recommended that the Municipalities in
Addis Ababa city need to start to work on how to pursue the residents’
attention regarding waste minimization, recycling, waste sorting and general environmental issues. Publishing simple articles which can clarify
how serious the current environmental degradation in the city of Addis
Ababa is and which also shows the immediate solutions which can be
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contributed by the society will contribute so much to the improvement
of Municipal Solid Waste and Recycling Scheme in Addis Ababa city.
The local government should support the elementary and high schools
to get beneficial environmental related courses supported with practical
knowledge including site visits. Encouraging and increasing the public
awareness regarding waste and its related issues will increase the societies’ responsibility towards waste generation.
As it has been observed from the interview, women are found to be
more responsible for cleaning and handling waste in Addis Ababa, Ethiopia. The participation of men is very limited that is when they are available and can dispose wastes to communal containers. As a result educating women and out reaching them in different small social groups like
‘Edir’ means a small organization for people to help each other during
family death. Giving trainings to women in particular is believed to contribute more to the waste management system.
Further more encouraging the private sector to take part in Solid waste
Management in Addis Ababa can result in a successful and economical
waste management system. Currently almost all the provision of Solid
Waste Management is the responsibility of the Municipalities in Addis
Ababa. The participation of private sectors can reduce the cost because
some activities like waste collection can be done with minimized cost. In
addition encouraging private entrepreneurs to practice recycling activities
generates income parallel to waste reduction.
In addition organizing the scavengers to have a health protection teaching and methods would result in a more effective and professional recycling and waste management practice. Besides teaching and encouraging
the residents to use home composting can decrease the amount of waste
generation considerably. In Addis Ababa most people live in villas and
small cottage houses consequently it is easy to practice composting at
home. Vermi-composting can also be applied to kitchen waste as the
climate is suitable for this type of composting. The local government
needs to focus on the means of reducing and recycling waste instead of
trying to implement an integrated waste management system which
needs more financial resources, sophisticated technologies and high
competence.
Though incineration is effective in high waste reduction, due to the toxicity of the smoke it is not recommended in Addis Ababa Ethiopia. As
we have learned from Östersund, the incineration plant located in
Sundsvall is well designed and it takes into account the greenhouse gas
emission control. The smoke from the incineration plant passes through
a filter where it is cleaned before it is released to the atmosphere. However constructing such an incineration plant is very expensive and cannot
be applicable to less developed countries like Ethiopia. As a result incineration is not recommended to the city of Addis Ababa though it is obvious that it has a great benefit in waste volume reduction. Moreover, incineration has a high maintenance and operational cost which makes it
unaffordable in the city of Addis Ababa.
Land filling is the easiest and cheapest way of handling waste in Ethiopia,
Addis Ababa. However the landfill in Addis Ababa is not a Sanitary
Landfill. As a result the gaseous emission and the liquid leachate from
the waste pollute the environment very severely. Though the best recommended way is to be able to reduce waste and recycle it is also very
important to consider constructing Sanitary Landfill for the remaining
non-recyclable and non-biodegradable waste types.
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On top of public awareness it is recommended to have the environmental rules and regulations in Ethiopia to be more strict and applicable to
residents and industries that are not performing the waste management
practices accordingly. By strictly penalizing and putting more pressure on
illegal waste dumping and management practiced by the residents and
industries.
As observed from site visits and previous studies the waste collection
and transportation system in Addis Ababa needs to be improved by optimizing truck rotation, improving truck and road conditions through
maintenance.
Finally a serious remediation work needs to be done on the dumping site
in the city of Addis Ababa. As it is observed, the site is getting full and is
currently polluting the ground water, surface water, the soil and the atmosphere. Moreover as it is located nearby residential areas, it is causing
a very serious health hazard to the people living close by and the scavengers working on the site. Therefore, the local government needs to consider an environmentally friendly and economical remedy to be instantaneously done. Otherwise the problem is getting worse and worse each
day and the remedy is becoming more and more expensive.
As we have learned from Östersund Municipality helping the people to
acquire all the necessary information regarding what to do about their refuse has helped the Municipality to achieve a noticeable waste reduction
and ongoing recycling activities. The people living in Östersund are
found to be very determined and conscious in recycling and waste minimization. As far as this study is concerned rather than focusing on too
ambitious goals it could be better to try to start working with very simple
approach by informing the society to feel the responsibility of the ongoing pollution of the environment results in far better results than only
focusing what needs to be done in improving the system itself. It is obvious that the system needs to be improved by the recommendations
suggested above but the emphasis needs to be put on public awareness
as this approach will result in a significant waste reduction and recycling
culture. In Östersund the residents have made recycling and waste minimization their life style. This is what we need to think about in Addis
Ababa, Ethiopia teaching the young generation to have the understanding of Sustainability and cleaner environment.
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A PPENDIX A
Interview for residents of Addis Ababa
Dear Respondents,
I am conducting study entitled with ‘Improving Municipal Solid waste
Management in Addis Ababa based on the experience from Sweden,
Östersund Municipality’ and your responses will be greatly appreciated.
All your answers will be confidential and you do not need to mention
your names. I would kindly like to thank you for your contribution.
1. Your level of Education?
2. Occupation
3. What do you know about Solid waste in general?
4. Do you think that you have to take part in Solid waste Management?
5. What side effects do you know if we do not take care of our refuses?
6. How do you take care of your waste?
7. Do you sort your waste before you throw them?
8. If yes, what do you do with the ones you saved?
9. What do you think about the sold waste Management service given by
the Municipality?
10. Is there any public means where you can dump your waste?
11. Is the dumping place close by? How close?
12. How often is the dumping place emptied?
13. Are there people living close to the dumping area?
14. If yes, do you see any inconveniences that have been created to the
residents due to the closeness of the dumping place?
15. Are there any private organizations or people taking part in the solid
waste management system other than the Municipality?
16. If yes, who else is taking part in the solid waste management system?
17. Do you think your participation in the solid waste management practice would make a difference? How?
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A PPENDIX B
Interview for Scavengers at Reppi landfill Addis Ababa
Dear Respondents,
I am conducting a study entitled with ‘Improving Municipal Solid waste
Management in Addis Ababa based on the experience from Sweden,
Östersund Municipality’ and your responses will be greatly appreciated.
All your answers will be kept confidential and you do not need to mention your names. I would kindly like to thank you in advance for your
contribution.
1. Your level of education
2. How long have you worked on the landfill?
3. Who has introduced you to this job or how do you start to work on
the landfill?
4. How much money do you earn per day?
5. How many hours a day do you work? Do you work weekends?
6. Are working on the landfill only or you also work on different waste
dumping containers in the city?
7. Do you have special items which you are interested in collecting?
8. If yes, please list the items and explain why?
9. Do you have customers who buy items on regular basis?
10. If yes who are they? Private people? Whole sellers or Factories?
11. How do you market the things you recover from the landfill?
12. Do you get any support from Municipalities in Addis Ababa?
13. Do you use gloves, masks or any other protection while performing
the job?
14. Do you think waste is useful and needs to be taken care of in a better
way?
15. What improvements on the landfill would increase your performance
you suggest?
16. What supports do you expect form the Municipalities of Addis Ababa that could help you progress better?
17. Do you face any problem from the community since you are working with waste? Other difficulties?
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