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ABSTRACT 

The current state of solid waste management was investigated in the case of Nifas-Silk Lafto 

sub city in the city of Addis Ababa. The waste generation and composition profile that 

determines the appropriateness of different waste management options was created after a 20 

days solid waste sampling investigation conducted in the sub city. The paper describes the 

results of (1) the sampling method, which was conducted in 10 Kebeles of the sub city in 2000 

selected primary major solid waste generating sources (2) the quantitative and composition 

analysis of the collected samples and (3) evaluating the current status of MSWM for sub city 

has been carried out to identify the major problems and limitations. Comparative analyses 

between the above mentioned data and on past data derived from investigations conducted in 

other sub cities and in the city of Addis Ababa with similar characteristics to this study were 

used to identify and discuss future trends in the composition of generated waste over time.  

The final result of this study showed that the SW generation rate by weight per day: per capita 

was 0.293 kg, per source was 1.283 kg, total  generated per day from all sources was 98960 kg, 

share of each source % by weight was 73.9%, 16%, 8.13%, 0.138% and 1.832% from 

residential, commercial, institutions, industries and others, respectively, and  the composition 

percentage by weight was 38%, 23%, 13%, 9%, 13%, 0.3%, 2%, 0.4%, 0.6%, 0.4%, 0.1%, 

0.03%, 0.0008%, 0.01%, 0.00002%, 0.00001% 0.00002% for food leftover, dust & ash, 

plastic, paper, yard wastes, carcass & offal, textile, metal, wood, glass, hair & fur, rubber & 

tire, composite wastes, sawdust, ceramics & bricks, medical wastes and jute sacks respectively. 

It was also found that the moisture content and bulk density for food leftover, dust and ash, 

plastics, yard wastes, paper, textile and wood were: 62% and 375 kg/m
3
, 2% and 1650 kg/m

3
, 

15% and 52 kg/m
3
, 56% and 110 kg/m

3
, 5.2% and 75 kg/m

3
, 9% and 242 kg/m

3
 and 15% and 

510 kg/m
3
 respectively. An analysis of the current waste management status in the city as well 

as the feasibility of implementing a comprehensive management approach is assessed taking 

into account guidelines set worldwide to promote source reduction, reuse composting, 

renewable energy sources use, and recycling. The study is concluded with a few fruitful 

suggestions, which may be beneficial to encourage the competent authorities/researchers to 

work towards further more detail investigations and researches for improvement of the present 

system.  

The results of this survey are to be utilized by the city solid waste agencies and authorities in 

order to establish an integrated waste management system capable of fulfilling the city’s waste 

management demands. 

 

Key words: Solid waste generation, solid waste composition, Integrated Solid Waste 

management, solid waste sources, waste components, solid waste, wet weight, dry weight 

moisture content, bulk density. 
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CHAPTER ONE 

         INTRODUCTION 

1.1. Background 

Rapid increase in volume and types of solid and hazardous waste as a result of 

continuous economic growth, urbanization and industrialization, is becoming a 

burgeoning problem for national and local governments to ensure effective and 

sustainable management of waste. It is estimated that in 2006 the total amount of 

municipal solid waste (MSW) generated globally reached 2.02 billion tones, representing 

a 7% annual increase since 2003 (Global Waste Management Market Report, 2007). It is 

further estimated that between 2007 and 2011, global generation of municipal waste will 

rise by 37.3%, equivalent to roughly 8% increase per year (UNEP, 2009). Waste 

Electrical and Electronic Equipment (WEEE) or E-waste is also one of the fastest 

growing waste streams and it equals to 1% of total solid waste on an average in 

developing countries. It is expected to grow to 2% by 2010 (UNCRD, 2010). Although 

considerable efforts are being made by many governments and other entities in tackling 

waste-related problems, there are still major gaps to be filled in this area.  

The World Bank estimates that in developing countries, it is common for municipalities 

to spend 20-50 percent of their available budget on solid waste management (open 

dumping with open burning is the norm), even though 30-60 percent of all the urban solid 

wastes remain uncollected and less than 50 percent of the population is served. . In low-

income countries, collection alone drains up 80-90 percent of municipal solid waste 

management budget. In mid-income countries, collection costs 50-80 percent of total 

budget. In high-income countries, collection only accounts for less than 10 percent of the 

budget, which allows large funds to be allocated to waste treatment facilities. Upfront 

community participation in these advanced countries reduces the collection cost and 

facilitates waste recycling and recovery. Hence, developing countries face uphill 

challenges to properly manage their waste with most efforts being made to reduce the 

final volumes and to generate sufficient funds for waste management.  
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If most of the waste could be diverted for material and resource recovery, then a 

substantial reduction in final volumes of waste could be achieved and the recovered 

material and resources could be utilized to generate revenue to fund waste management 

(Giugliano et al., 2007). This forms the premise for Integrated Solid Waste Management 

(ISWM) system based on 3R (reduce, reuse and recycle) principle. ISWM system has 

been pilot tested in a few locations (Wuxi, PR China; Pune, India; Maseru, Lesotho) and 

has been well received by local authorities (Giugliano et al., 2007). It has been shown 

that with appropriate segregation and recycling system significant quantity of waste can 

be diverted from landfills and converted into resource. Developing and implementing 

ISWM requires comprehensive data on present and anticipated waste situations, 

supportive policy frameworks, knowledge and capacity to develop plans/systems, proper 

use of environmentally sound technologies, and appropriate financial instruments to 

support its implementation.  

According the AACACMA and NSLSCCMO, the daily waste generation in Addis Ababa 

is 0.221 kg/capita/day and its density is 300kg/m
3
. The current daily overall waste 

production of the city is 2,297 m
3 

or 765 tones. While in Nifas Silk Lafto Sub-City 

(NSLSC) 280m
3
(84 ton) solid waste is being generated every day. Of the daily solid 

waste generated 35% is simply dumped on open sites, drainage channels, rivers and 

valleys as well as on the streets, while the other 65% is dumped in the open site Reppi.   

Quantity and composition surveys or studies have an essential role in determining the 

dimensions of the key elements in solid management. A list of such elements would 

certainly include method and types of storage, type and frequency of collection, crew 

size, method of disposal, and degree of resource recovery (Sharma, 2006). The utility of 

the surveys or studies extends not only to the evaluation of present conditions, but also to 

the predication of future trends. Consequently, frequent and ongoing surveys and studies 

are the mainstays of a successful solid waste management program (Pimenteira, 2004). 

Despite the obvious fact that a thorough understanding of the characteristics of the waste 

is requisite in the city of Addis Ababa and its sub cities to making rational decisions in 

solid waste management, it remains a prevalent practice to pay little heed to conducting a 

comprehensive and accurate survey and study of quantity and composition. Instead, 
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reliance is based on some inaccurate method, especially the traffic count which is implied 

the number of vehicles entering the disposal site and very limited surveys and studies on 

the composition, the volume and weight of waste generated and collected in Addis Ababa 

were. carried out in early 1980s and mid 1990s by Nurconsult, Louis Berger Company, 

Addis Ababa University and the French Mission and the estimates of waste generated per 

capita per day varies in volume from 0.40 to 1.23 lit/capita/day, in weight from 0.11 to 

0.25 kg/capita/day and in density from 205 to 370 kg/m3 (Clinton Climate Initiative, 

2008). 

Recently, post graduate students from Addis Ababa University, mainly Environmental 

Science Program, studied the solid waste characteristics and generation rate of some sub 

cities of only certain sources:Yitayal Beyene (2005), Bezaye Gorfu (2008), Girma 

Bizuneh (2008),  Samuel Shimelis (2008) and Dereje Deriba, (2009). However, 

additional information from all sources is essential in order to provide sufficient and 

comprehensive information for the sub city and the city at large. Thus, this study 

performed on solid waste characteristics (mainly quantities, composition, moisture 

content, dry weight and bulk density) is required to properly design, operate, and monitor 

solid waste management system. 

This research is concerned primarily with describing important solid waste sources, 

composition and quantity and its current management system, so that policy makers, 

decision makers and designers can have a foundation to decide, plan and implement 

sustainable Integrated Solid Waste Management Systems.  

1.2. Problem statement   

The development of the solid waste sector in the last decade show rapid changes in the 

sub-city. Composition of solid waste is becoming more complex and amounts are 

growing (AAEPA, 2007). Increasing number of people produces greater amounts of 

waste: goods of mass consumption are distributed more quickly than waste disposal 

structures can cop up with (Enger, 2008).  

NSLSC with its 341,743 inhabitants and 11 municipalities is one of the sub-cities in 

Addis Ababa with immense problems with its solid waste. 
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The main problems of solid waste management of the sub-city administration are: the 

absence of up to-date first-hand information (baseline data) on sub-city solid waste status, 

in addition geographical and urban structure of the sub-city makes some part of the sub-

city inaccessible, the poor socio-economic status of the population, inadequate resource 

mobilization, low coverage in the provision of service, lack of properly designed 

collection methods, absence of cost recovery, lack and shortage  of proper solid waste 

collection, storage and transport  facilities, equipments and vehicles maintenance and 

replacement, absence of proper disposal of wastes, lack of public awareness, absence of 

incentive systems, lack of private sector involvement, poor condition of the final 

dumpsite as well as lack of promotion on waste reduction, recycling, reuse and 

composting. And more critical problem associated with the waste management in the city 

and sub city in particular is laws governing MSWM often are not enforced. This is 

worsened by financial mismanagement which results in persistence lack of funds to 

expand and improve municipal solid waste handling capacities as well as capacity–

building.  

Thus to improve this condition the City Government of Addis Ababa has been 

determined to review its solid waste management strategies and develop Sustainable 

Integrated Solid Waste Management Plan (ISWM). Establishment of Cleansing 

Management Agency at City level, Cleansing Management Office at sub city and kebele 

level  and Environmental Protection Team at all sub-cities and Kebeles which are the 

lowest administration level of the city are the signs of the commitment and a vision of the 

government for a clean environment. 

For the reasons of a need to review solid waste management strategies continuously there 

is a demand for a better accessible first-hand reliable up-to-date data on sub-city status of 

solid waste and information on its current management system. It is therefore, hopped 

that this research study on the quantity and composition, and assessment of  current 

management system of solid waste in the sub city will contribute towards providing this 

required information, to fill the gap therein  and to develop a model of sustainable solid 

waste management system by integrating all stakeholders such as policy makers, 

decision–makers, municipal administrations, community groups, entrepreneurs, 
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academicians and scholars in urban environmental management, citizens, NGOs donors, 

local experts interested in using or replacing the results, consultants working on urban 

services, recycling, or waste management, the press, especially when seeking background 

material   and the private sector alike.      

1.3. Objective of the study 

1.3.1. General objective 

The main objective of this study is to investigate the major solid waste sources including 

how much of which type of waste is disposed by each generator type or source and assess 

the current management system of solid waste based on analysis of the relationship 

between the observed patterns in the solid waste management in the sub city, and 

contribute towards improving the present solid waste management system in the city. 

1.3.2. Specific objectives 

The data on current and future trends of various solid waste streams is the basic 

requirement to develop Integrated Solid Waste Management (ISWM) plan. In this regard, 

data on different waste streams will be analyzed to develop the current and projected 

scenario: 

1) To identify the current status of solid waste management particularly the challenges in 

the sub city thorough the secondary available information. 

2) To generate comprehensive information on the quantity and type of solid generated by 

the major sources (residences, commercial, institutional, industrial and others).  

3) To develop baseline for continued long-term measurement of system performance by 

comparing waste composition and waste diversion accomplishments for continuing 

improvements in integrated solid waste management. 

4) To analyze few characteristics of major wastes for their suitability for reuse/ recycling. 

5) To generate information on the different sub-streams of waste to design, implement 

and monitor an effective and efficient system for collection, transportation, recycling, 

treatment, recovery and disposal of various streams of solid waste. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1. What is solid waste? 

Solid waste may be solid or semi-solid materials, resulting from human and animal 

activities, that are useless, unwanted, or hazardous (Purohit et al., 2006). Similarly, solid 

wastes means any garbage, refuse, sludge, and other discarded solid materials, including 

solid waste materials resulting from industrial, commercial, and agricultural operations, 

and from community activities, but does not include solid or dissolved materials in 

domestic sewage or other significant pollutants in water resources, such as silt, dissolved 

or suspended solids in industrial wastewater effluents, dissolved materials in irrigation 

return flows or other common water pollutants (U.S. Code of Federal Regulations-cfr 

part 243,1995). 

In Ethiopia according to the Federal Democratic Republic of Ethiopia proclamation No. 

513/2007 Solid Waste Management Proclamation “Solid Waste” means any thing that is 

neither liquid not gas and is discarded as unwanted. These could be refuses from 

residential, commercial, or any institutes as yard sweeping, food remains, ash and chat 

leftover, saw dust, piece of wood papers, glasses, metals, batteries, plastic, grass, and 

vegetables, bone of animals, dead animals and other materials that cause poor 

environmental situation. The sources of solid wastes are residential, commercial, 

institutional, construction and demolitions, municipal services, industries, mining, and 

urban agriculture (Juhasz et al., 2004). 

2.2. Characteristics of solid waste in developing countries  

“Municipal solid waste” (MSW) is a term usually applied to a heterogeneous collection 

of wastes produced in urban areas, the nature of which varies from region to region. The 

characteristics and quantity of the solid waste generated in a town is not only a function 

of the living standard and lifestyle of the country/region or town inhabitants, but also of 

the abundance and type of the town’s/region’s or country’s natural resources. Urban 

wastes can be subdivided into two major components–organic and inorganic (Nobeshima, 
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1996). In general, the organic components of urban solid waste can be classified into 

three broad categories putrescible, fermentable, and non–fermentable (Ogawa, 2006). 

Putrescible wastes tend to decompose rapidly and unless carefully controlled, decompose 

with the production of objectionable odors and visual unpleasantness. Fermentable 

wastes tend to decompose rapidly, but without the unpleasant accompaniments of 

putrefaction. Non–fermentable wastes tend to resist decomposition and, therefore, break 

down very slowly. A major source of Putrescible waste is food preparation and 

consumption. As such, its nature varies with lifestyle, standard of living, and seasonality 

of food. Fermentable wastes are typified by crop and market debris (Ogawa, 2006).  

The primary difference between wastes generated in developing nations and those 

generated in industrialized countries is the higher organic content characteristics of the 

former (Ato, 2006). Ideally, solid waste should not contain faecal matter or urine, and the 

mixing of these materials with household wastes should be prohibited by law. However, 

enforcement difficulties, combined with variation in way of life, necessitate some 

tolerance in this matter. Solid waste collection in a manner satisfactory with respect to 

environmental health is made difficult when human excretory wastes are mixed with 

household wastes. Handling of pathological wastes, abattoir wastes, industrial wastes, 

and similar materials, in association with household wastes, also should not be permitted; 

nevertheless, it is important to keep in mind that despite all precaution, some pathogens 

and chemical residues inevitably will be present in the waste (Barton, 1996).  

2.3. Solid waste quantities and characteristics in Nifas Silk Lafto Sub City (NSLSC) 

The variation and trends in quantity, composition, and other characteristics of urban 

waste are not confined to the national level. Indeed, they persist even at the community 

level. The persistence in NSLSC is due to the fact that characteristics of the waste stream 

are affected by an array of factors (Barton, 1996). Ranking high among these factors are 

degree of industrialization, extent and nature of socioeconomic development, and the 

climate. 
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2.3.1. Quantities  

The very prevalent method for determining the quantity of solid waste used by the sub 

city Cleansing Management Office (SCCMO, 2010) involves the average fixed density of 

solid waste (300g/m
3
), number of loads collected and transported to the dumping site 

(Reppi/Khoshe), and average volume per load. The volume is obtained by estimating or 

taking the standard volume of the vehicle’s body or waste container’s volume. At times 

the degree of the accuracy required may be beyond that attainable with this method. The 

deficiency as far as this practice is concerned arises from the fact that the method is based 

only on those wastes that are brought to a recognized disposal site. They do not take into 

account the wastes disposed elsewhere, and the capacity margins of vehicle’s body and 

containers volume such as overflowing and excess capacity (NSLSCCMO, 2009).    

2.3.2. Composition  

A full knowledge of the composition of the wastes is an essential element in: 1) the 

selection of the type of storage and transport most appropriate to a given situation, 2) the 

determination of the potential for resource recovery, 3) the choice of a suitable method of 

disposal, and 4) the determination of the environmental impact exerted by the wastes if 

the are improperly managed (Sharma, 2006). 

No prior scientific solid waste composition study has been performed at the sub city. 

2.3.3. Other characteristics  

In addition to analyzing for quantity and composition, it is recommended that the 

sampling program include provision for determining moisture content, bulk density, and 

particle size distribution (Cunningham, 2008). The measurement of these three properties 

is especially recommended if no prior scientific waste characterization study has been 

conducted. These particular characteristics have a substantial influence on determining: 

(1) wastes that will be difficult to manage, (2) proper and best method for storing, 

collecting, processing, and disposing of the wastes and (3) marketability of potentially 

recoverable materials (UNEP, 2009). In addition to the moisture content, particle size and 

density, knowledge of several other properties of solid waste are also required for 

properly planning, designing, and operation waste management programs. Among such 
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other properties are chemical/ thermal and mechanical analyses (UNEP, 2009). The city 

and also the sub city have no information on the above mentioned solid waste 

characteristics. 

2.3.4. Chemical / thermal properties  

Determination of chemical / thermal properties of solid waste or its components would be 

necessary in order to ascertain the most appropriate type of treatment. These analyses 

must be conducted by reliable laboratory. It is generally believed that one can relay on 

either governmental laboratories or universities to perform the work. Typical analyses 

include moisture and ash contents; calorific value; and the concentrations of carbon, 

nitrogen, hydrogen, oxygen, and some heavy metals if there are reasons to suspect that 

they may be present (Ghosh, 2008). This requirement has, up until recently, been ignored 

by the sub city and the city. Perhaps this can be explained by the absence of reliable 

information readily available.   

2.4. Waste streams 

Waste Stream is a term describing the total flow of solid waste from homes, businesses, 

institutions and manufacturing plants that must be recycled, burned, or disposed of in 

landfills; or any segment thereof, such as the “residential waste stream: or the recyclable 

waste stream” (Ramasawami, 2007).  

Depending on the sub city administrative boundaries municipal waste covers only 

residential and commercial non-hazardous waste, and also include industrial and 

agricultural non hazardous waste (GTZ, 2005). This is defined based on the existing 

regulations and practices within the specified geographic location. Usually, the 

municipality is responsible for the collection and disposal of municipal waste - collects 

residential waste while other sectors (commercial, industrial, construction and demolition 

and agriculture), if they are allowed to dispose their waste at municipal facilities, make 

their own arrangements to transport their waste to the municipal disposal sites and pay 

disposal charges (GTZ, 2007).  



 10

In the city, construction and demolition waste is not considered as municipal waste; this 

waste is substantial in volume; that could not at all be accommodated by the existing 

disposal site in the city, and may create challenges for municipal disposal facilities. 

However, the generator is responsible for its transportation to permitted sites, usually old 

quarry sites to be refilled by clean soil which is the major proportion of the waste 

generated from C&D sites (AACMA, 2009). Besides, this waste contains high proportion 

of recycling materials, and even though there are no appropriate regulations, most of this 

waste is recycled informally and this released the pressure on the municipal disposal 

facilities. 

Industries generate two types of waste streams. One is due to the production process, 

which also includes the waste from laboratories and sludge from effluent treatment 

plants. This waste stream is divided into hazardous and non–hazardous waste. The 

production process depends on the product and the production technology. Therefore 

characterization of waste is mainly dependent on these two factors, while the quantity 

depends on the size of production and efficiency of the technology. In addition to the 

solid waste stream, as a consequence of production, the other solid waste stream is due to 

maintenance of buildings and staff. This stream includes office wastes, C&D wastes from 

staff canteens or restaurants (Pokhrel, 2006).  

2.5. Importance of a sound solid waste management program  

In an attempt to accelerate the pace of its industrial development an economically 

developing nation may fail to pay adequate attention to solid waste management. Such a 

failure incurs a severe penalty at a later time in the form of resources needlessly lost and 

a staggering adverse impact on the environment and on public health and safety. The 

penalty is neither avoided nor lessened by a resolve to do something about the waste at a 

later time, when the country may be in a better position to take appropriate measures. 

This is true because, as is indicated in the introduction, the rate of waste generation 

generally increases in direct proportion to that of a nation’s advance in development. Nor 

is the penalty lessened by the faulty rationalization that advances in development status 

has higher priority than maintenance of a liveable environment (Sardina, 2003). The 

greater the degradation of the environment, the greater is the effort required to restore its 
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good quality. In summary, the effort to preserve or enhance environmental quality should 

at least be commensurate with that afforded to the attainment of advance in development.   

2.6. Integrated solid waste management (ISWM) 

Integrated waste management is a frame of reference for designing and implementing 

new waste management systems and for analyzing and optimizing existing systems. 

Integrated waste management is based on the concept that all aspects of a waste 

management system (technical and non–technical) should be analyzed together, since 

they are in fact interrelated and developments in one area frequently affect practices or 

activities in another area (Gidarakos, 2005) 

A solid waste management (SWM) practice includes regulations and economic tools, 

institutions and resources, coverage of the services and technology, and role of various 

stakeholders. The goal of data collection on solid waste (quantification and 

characterization of various waste streams) and existing management systems (collection, 

transportation, treatment, disposal, recycling and recovery) is to develop an integrated 

solid waste management plan (Seadon, 2006). 

A comprehensive municipal solid waste management (MSWM) system includes some or 

all of the following activities:  

� setting polices;  

� developing and enforcing regulations; 

� planning and evaluating municipal MSWM activities by system designers, users, 

and other stakeholders;  

� using waste characterization studies to adjust system to the types of waste 

generated; 

� physically handling waste and recoverable materials, including separation, 

collection, composting, incineration, and land filling; 

� marketing recovered materials to brokers or to end–users for industrial, 

commercial, or small–scale manufacturing purposes; 

� establishing training programs for MSWM; 

� carrying out public information and education program; 
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� identifying financial mechanisms and cost recovery systems; 

� establishing prices for services, and creating incentives; 

� managing public sector administration and operations units; and 

� incorporating private sector businesses, including informal sector collectors, 

processors, and entrepreneurs (UNEP, 2009). 

 

2.6.1. Methods for integrating a waste system  

Planners can work toward integrated systems in a number of ways. The first task is to 

consider all aspects of the formal part of the waste system within one framework and to 

produce a plan based on the objectives of the entire system. One of the foundations of the 

framework for modern, integrated solid waste management systems is the solid waste 

management hierarchy, which specifies the precedence that should be given to key waste 

management activities that affect waste generation, treatment, and disposal (Ogawa, 

2006). 

Second in terms of jurisdictional and staffing issues, is putting all waste related functions 

under the same division or agency, which is an important means of achieving integration. 

A third way of facilitating coordination and assessing trade–offs among all aspects of a 

waste management system is to create integrated financial structures that, for example, 

use disposal fees to finance materials recovery or public education. More broadly, it is 

important to assess all MSWM system costs as well to identify opportunities for 

generating revenues (Imam et al., 2007).  

2.6.2. Waste management hierarchy as a key element of integrated solid waste 

            management  

The waste management hierarchy is a widespread element of national and regional policy 

and is often considered the most fundamental basis of modern MSWM practice. The 

hierarchy ranks waste management operations according to their environmental or energy 

benefits. In virtually all countries, the hierarchy is that sown in Table 1, with the first 

entries having higher priority than those below them.  
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Table 1: Waste management hierarchy 

•Prevent the production of waste, or reduce the amount generated.  

•Reduce the toxicity or negative impacts of the waste that is generated.  

•Reuse in their current forms the materials recovered from the waste stream.  

•Recycle, compost, or recover materials for use as direct or indirect inputs to new 

products.  

•Recover energy by incineration, anaerobic digestion, or similar processes. 

•Reduce the volume of waste prior to disposal. 

•Dispose of residual solid waste in an environmentally sound manner, generally in 

landfills.    

Source: UNEP, 2009 

The purpose of the waste management hierarchy is to make waste management practices 

as environmentally sound as possible (UNEP, 2009).  

The hierarchy is a useful policy tool for conserving resources, for dealing with landfill 

shortages, for minimizing air and water pollution, and for protecting public health and 

safety (Sharholy, 1996). In many developing countries, some aspects of this hierarchy are 

already in place, since traditional practices revolving around waste prevention reuse, and 

recycling are prevalent. As the same time, it should be recognized that all waste 

management practices have costs, as well as benefits. This means that hierarchy cannot 

be followed rigidly since, in particular situations, the cost of a prescribed activity may 

exceed the benefits, when all financial, social, and environmental considerations are 

taken into account (Sardina, 2003). 

2.7. Stakeholders   

Appropriate practice in waste management systems necessitates clear delineation of 

jurisdiction and responsibility, with all stakeholders participating in system design, and 

with those affected, at every level, aware of the lines of accountability (UNEP, 2009). 

Governments will generally have final jurisdiction and responsibility for overall policy 

and for management of the MSWM system; whether or not the government itself is 

performing the waste management functions. The following participants all have some 

important relation to waste management and, in some cases, significant levels of 

responsibility for policies or operations. Households, business waste generators, public 

workers, environmental ministries, municipal governments, regional governments, 
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private sectors, informal sectors, NGOs, community-based organizations and women 

(UNEP, 2009). 

2.8. Cost and cost recovery  

Since proper waste collection and disposal are necessary to maintain the cleanliness and 

public health of a community, these services benefit both the generators and the 

community as a whole (Luoranen, 2007). In this context, proper waste collection includes 

both regular collection service and cleanup of wastes that generators have disposed in an 

unacceptable manner (i.e., litter). 

Not all “waste” is considered to be waste by everyone, however, scavengers and small-

scale, recyclers successfully extract value from other people’s waste. This process can be 

potentially be managed so that the informal sector often involved in such activities 

complements ongoing institutionalized waste collection, rather than interfering with it.  

There are serious health and social problems associated with scavenging, but the point is 

that much “waste” actually has value to someone. Those who remove recoverable 

materials from the waste stream are reducing the waste disposal costs of the whole 

community (Giuglino, 2007). In industrialized countries, there is now an increasing 

awareness of the value of sorting out the reusable and recyclable components of the solid 

waste stream. 

In the end, though, some quantities of waste must be collected and disposed, and this 

service must be paid for in some manner. Additionally and depending on local 

circumstances, other waste management services may require funding in some form, 

including public education and processing of waste for recovery and reuse of recyclable 

materials (Trine, 2003) 

2.9. Storage and collection  

Storage and collection of waste are some of the more visible signs of successful or 

unsuccessful solid waste management systems. If successful, the result is clean 

surroundings and good public sanitation; if unsuccessful, litter and poor public sanitation 

are every where self evident to the knowledgeable observer (Koushki, 2004). Good 
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public sanitation begins with a properly designed and operated waste storage and 

collection system. The institution of successful storage and collection systems in 

developing countries requires not only a knowledge of appropriate  technologies and 

operating practices, but also recognition of the types of problems faced by these countries 

relevant to storage and collection (Seadon, 2006).  

A number of factors contribute to the relatively low level of waste collection service that 

is common in many developing countries. Some of these factors are financial, 

institutional, technical, and social ones (Koushki, 2004).    

2.9.1. Basic collection systems 

Essentially, there are four basic collection systems, depending upon the level of efforts 

required on the part of the generator. The types of systems are communal, block, 

kerbside, and door-to-door (Morrissey, 2003). Communal storage and collection may 

require delivery of the wastes by the generator over some distance. In block collection, 

the generator delivers the wastes to the vehicle at the time of collection. In kerbiside 

collection, the generator sets out the full container and later retrieves it. In door-to-door 

collection, the collector enters the premises, and the generator basically is not involved in 

the collection process (Brachia, 2004).  

2.9.2. Components of refuse collection 

A refuse Colleton service requires vehicles and labor. In order to deploy the vehicles and 

workers efficiently, a clear understanding of the three components of refuse collection is 

necessary; 

1. Travel to and from the collection area; 

2. The collection process (transfer of the wastes from storage to collection vehicles, and 

traveled between successive collection points); and 

3. The delivery process (transport of the contents of the vehicle to the processing or the 

disposal site (Juhasz, 2004). 

The main sources of solid waste for which a municipality normally assumes the 

responsibility of collection are residences, commerce, light industry, and public 

institutions, as well as refuse swept from the streets. Residential waste usually accounts 
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for about 50% to 80% of the total quantities of wastes generated by aforementioned 

sources (Pássaro, 2002). 

The amount of work involved in refuse collection depends upon the type, weight, and 

volume of waste generated; the number of collection points from which the wastes must 

be removed; the type of storage containers; and type of collection equipment (Berkun, 

2005). 

2.9.3. Street cleaning 

The primarily objectives of policies associated with a street cleaning system should be :1) 

the provision of efficient, cost- effective waste collection services from the source, 2) 

reduction of street litter through regulation, education, and enforcement, 3) the use of 

systems that achieve high labor productivity, and 4) the design and use of effective tools 

and equipment (Juhasz, 2004). 

For purpose of solid waste management, street wastes can be classified into three main 

categories, depending upon the type of generator. The classification is as follows: 1) 

wastes generated by natural causes, 2) wastes generated by traffic, and 3) wastes 

generated by the public (behavioral wastes) (Ogawa, 2006). 

The design of a conventional street includes three distinct surfaces: a roadway for 

vehicular traffic, a gutter, and sidewalk on both sides of the street for use by pedestrians. 

The sidewalk are slightly elevated and separated from the roadway by a curb and gutter. 

The gutter is the lowest part of the road structure and serves to control, collect, and direct 

storm water to a drainage location or system. The gutter is provided with outlets or 

discharge points at certain intervals to prevent storm water from accumulating on the 

roadway (Pássaro, 2002).  

Typically, it is not necessary to sweep the surface of a roadway. The reason is that 

vehicular traffic usually generates turbulent forces that are sufficient to direct dust and 

litter from the crown of the road toward the gutters. Although these principles apply to 

most streets of typical city, the quantity and types of wastes generated varies in 

proportion to the level of human activity and the public’s sense of civic duty. Therefore, 
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the required frequency of sweeping can fluctuate from several times a day to once a week 

(Pássaro, 2002).  

2.10. Transfer stations 

Solid waste transfer station is - any site, location, tract of land, installation, or building 

that is used or intended to be used primarily for the purpose of transferring solid wastes 

that are generated of the premises of the facility from vehicles or containers, into other 

vehicles or containers for transportation to a solid waste disposal area or solid waste 

processing facility (Mattsson, 2004). 

In developing countries, the cost of solid waste collection typically is a disproportionate 

percentage of the revenue available to municipalities. Although labor rates are relatively 

low, the cost of equipment and the cost of fuel usually are higher than in industrialized 

countries. As background for this, typical ranges of costs of collection are tabulated in 

Table 2 for countries categorized by level of economic development. 

Table 2: Waste generation and cost of waste collection in regions with different 

                   levels of economic development (2003) 

Parameter Low Income Middle Income High Income 

Waste generation (kg/ cap/day 0.3 0.5 2 

Collection cost (US$/Mg) 15 to 40 25 to 75 75 to 150 

Collection cost (US$/cap/yr) 2 to 4 5 to 14 55 to 110 

Income (US$/cap/yr) 500 3,000 25, 000 

*Average income based on selected world development indicators.  

   Source: US EPA, 2007. 

2.11. Processing and treatment 

Solid waste processing is the process by which solid wastes are physically or chemically 

changed, temporarily stored, or salvaged prior to being transferred to a solid waste 

disposal area or to a secondary materials recovery facility (Mattsson, 2004). 

Solid waste processing facilities is any facility where solid wastes are processed, and 

shall include, but not be limited to solid waste compost sites, materials recovery facilities, 

recycling centers and solid waste transfer stations (UNEP, 2009). 
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The processing of mixed wastes and of source-separated wastes to recover materials 

involves a series of unit processes. The number of unit processes depends upon the 

degree of source separation of wastes, as well as the type of materials to be recovered 

(Mattsson, 2004). 

The design of a successful processing facility should incorporate certain concepts, among 

which are the following: 1) reliance upon proven technologies (appropriate to the 

particular location) and fundamental principles of engineering and science; 2) 

consideration given not only to the characteristics of the waste from which the desired 

materials are to be recovered, but also to the specification of the recovered materials; 3) 

preservation or improvements to the quality of the recovered materials; 4) processing 

flexibility to accommodate potential future changes in market conditions; 5) recovery of 

the largest percentage of materials that is feasible given the conditions that apply to the 

recovery project, and  6) protection of the workers and the environment (Porteous, 2005). 

Design concepts pertaining to operation include provisions for: 1) receiving mixed waste, 

source-separated materials, or both; 2) accommodating the various types of vehicles that 

deliver wastes to the facility, as well as the frequency of the deliveries; 3) relying upon 

manual labor when current automation technology is lacking unproven, or marginally 

effective and 4) storing of materials (UNEP, 2009). 

2.12. Final disposal 

Left unmanaged and uncontrolled, solid wastes openly dumped on the land: 1) generate 

liquid and gaseous emissions (leachate and landfill gas) that can pollute the environment 

and 2) represent a breeding ground for disease-bearing animals and microorganisms. 

Other risks to the public health and safety and to the environment are also posed by the 

uncontrolled land disposal of solid wastes (Mgaya, 2004). Sanitary landfilling, which is 

the controlled disposal of waste on the land, is well suited to developing countries as a 

means of managing the disposal of wastes because of the flexibility and relative 

simplicity of the technology (Kontos, 2005). Sanitary landfilling controls the exposure of 

the environment and humans to the detrimental effects of solid wastes placed on the land. 

Through sanitary landfilling, disposal is accomplished in a way such that contact between 

wastes and the environment is significantly reduced, and wastes are concentrated in a 
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well defined area. The result is good control of landfill gas and leachate, and limited 

access of vectors (e.g., rodents, flies, etc.) to the wastes. The practice of sanitary 

landfilling, however, should be adopted in accordance with other modern waste 

management strategies that emphasize waste reduction recycling, and sustainable 

development (Kontos, 2005).  

In order to be designate a sanitary landfill, a disposal site must meet the following three 

general but basic conditions: 1) compaction of the wastes, 2) daily covering of the wastes 

(with soil or other materials) to remove them from the influence of the outside 

environment, and 3) control and prevention of negative impacts on the public health and 

on the environment (UNEP, 2009). 

2.12.1. Total cost of solid waste disposal 

The total cost of waste disposal is the sum of the costs for each components of the waste 

disposal operation. The disposal operation begins with the collection from the sources 

and ends with final management of the landfill site after closing (i.e. closure and post-

closure). Total cost of each component of the waste disposal operation is the sum of its 

capital and operating costs (Berkum, 2005). 

The three leading operations are collection, hauling, and processing. Processing is 

optional. Collection involves the pickup of discarded materials from residential and 

industrial areas and other sources. Hauling is the transportation of the collected wastes 

either to the landfill or to central collection or processing locations. The actual burial of 

the wastes at a landfill constitutes land fill disposal (UNEP, 2009).  

2.12.2. Site selection 

The location and characteristics of the site will determine the extent and nature of the 

impact of a sanitary landfill on public health and the quality of the surrounding water air, 

and land resources (Passaro, 2002). Among the adverse effects that can be substantially 

limited or even avoided thorough proper sitting of a fill are: 1) pollution of air, water, and 

soil resources with chemicals, gases and organisms introduced or generated by landfilled 

wastes; and 2) a reduction of the aesthetic quality and monetary value of adjacent 
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properties (UNEP, 2009). Even with the best design ,it is very difficult to completely 

isolate all natural resources from the contaminants and from the impacts that are 

mentioned above Since this is the case, selection of the best possible site becomes an 

extremely important matter. A prerequisite to the selection is the ability to determine 

which of the available sites most closely meets all criteria demanded by a “best possible 

site” (UNEP, 2009).  

2.12.3. Useful lifespan and area of site 

Useful lifespan and area constitute the first of the factors and is determined by the 

following parameters depth of the fill; quantity, rate of delivery, and characteristics of the 

solid waste; and operating practice (UNEP, 2009). The site should be selected such that 

the useful life of the fill is sufficient to recover the capital investment. It is generally 

recommended that a landfill be designed for a useful lifespan of at least ten years. 

Determination of the size of the site must include two elements: gross area and useful fill 

area (UNEP, 2009). Gross area is the total area within the property boundaries. Useful 

area excludes the area that will be taken up by buffers, access roads, and soil stockpiles. 

Useful area may be about 50% to 80% of the gross area. 

The following formula developed by UNEP can be used to calculate the useful life of a 

sanitary landfill; 

         L=             VT________________ 

                              365(QP (1+FQp)) 

Where:  

• L = useful lifespan in years, 

• VT = volume of selected site in m
3
 ,  

• QP = quantity of solid wastes in m
3
/day, and  

• FQp = quantity of cover material expressed as a fraction of QP in m
3
/day. 

The frequency of waste can be projected using estimates of population. The estimate 

can be carried out by using the following formula: 

  Qi = QP (1+r)
 n

 

Where: 

• Qi  = quantity of wastes to be collected in years “i”  
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• QP = percent annual quantity of wastes collected 

•   r  = average annual growth rate in population as a decimal fraction, and  

•  n = number of years. 

The surface area required for a particular volumetric capacity decreases as the depth of 

the landfill increases. The area requirements can be calculated by using the following 

formula: 

  A =   VT 

   h  

Where: 

• A = area required in m
2
, 

• VT = total volume of solid wastes and cover in m
3
, and  

•  h   = average depth of fill in meters. 

Based on the formula, the compacted density of the wastes and soil have a substantial 

effect on the total volume and therefore on area requirements. 

2.13. Regulatory and economic instruments for solid waste management 

The strategies and policies of concern are those that are designed to facilitate the control 

of pollution, especially those related to the improvement of solid waste management 

(UNEP, 2007). 

In developing countries, the basic challenge regarding the makeup of environmental 

programs is to decide upon appropriate combination of instruments. Among the factors to 

be considered are social, political, economic, and environmental issues (UNEP, 2007). 

 Accordingly, considerations that should be taken into account in the planning of 

environmental strategies and the selection of policy instruments should include the 

following (UNEP, 2007). 1) The successful application of economic instruments pre-

supposes appropriate standards, accompanied by adequate monitoring and enforcement 

capabilities, and 2) even with the establishment of effective monitoring and enforcement 

capabilities; it is unlikely that economic instruments will replace traditional regulatory 

instruments. Nevertheless, if adequate enforcement mechanisms are in force, a highly 

effective approach to the attainment of waste management objectives is the imposition of 

direct charges. 



 22

CHAPTER THREE 

MATERIALS AND METHODS 

3.1. Description of the study area 

Nifas Silk Lafto sub city (NSLSC) is one of the sub cities of Addis Ababa, with 

emergence and expansion of poorly serviced illegal and informal settlements in 

peripheral areas within and outside urban agglomerations. In these areas land is traded 

informally and built on with out permission, and existing buildings are often extended or 

altered over long periods of time, with no official authorization. To “formalize” these 

settlements completely would entail costs that neither municipalities nor inhabitants 

could handle. 

The sub city is located south West of Addis Ababa. It lies between 984000m and 
 
 

994000m North latitude and 464000m and 476000m East longitude. Total land area of 

Addis Ababa is 57000 Ha (570 km
2
) of which 6829 Ha (68.29 km

2
) is defined as NSLSC 

which supports a population of 341,743, and it also owns 952.52 ha of area under the 

mandate of AAEPA for Appendix III. According to the information extracted from 

NSLSC Cleansing Management Office (CMO) and Trade and Industries Department the 

sub city, population density per square kilometer is 6504.31, May (2009). 

 The sub city is bordered by the Akaki Kality in the south east, Bole in the east, Kirkos in 

the north, Kolfe Keraniyo sub cities in the north west and Hana Eirtu Kebele Peasant 

Association in the west. It is administratively divided in to ten kebeles (Figure 1). The 

sub city topography is characterized by a plateau. Its altitude ranges between 2200 m and 

2550 m.a.s.l and peaks at mount Dertu (2550 m) (EMA, 1982). The lowest and the 

highest annual average temperature of the sub city are about 10c
0
 and 25c

0
 respectively. 

According the Addis Ababa bureau of agriculture (AABA, 2002) the climate is divided 

into three distinct seasons, the period of big rains (Keremt) commences between June and 

September. The dry period (Bega) is between October and January, and the small rains 

(Belge) commences between March and May, while the average annual rain fall is 1100 

mm to 1200 mm.  
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The sub city area generally is densely populated and lack good infrastructure, basic social 

services and amenities. The population is mainly constituted by rural–urban migrants, 

poor unemployed persons and low-income workers who live in poor accommodation 

structures. Like many of the sub cities in Addis Ababa, NSLSC has continued to 

experience socio–economic pressures. This has had adverse effect on the dwellings. 

Besides  the sub-city has no its own first hand (baseline) data on solid waste, the 

information the sub-city has on generation and composition of solid waste is not 

complete and accurate, and also old not able to cope with conditions of accelerated socio-

economic changes of the sub-city. For these reasons, this research will mainly deal with 

the current sub city’s quantity, composition, generation rate of solid waste and its 

management.  
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Fig.1. Study area Map 

Source: Ethiopian Mapping Agency, 2010 
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3.2. Methodology 

3.2.1. Literature review and informant discussion 

3.2.1.1. Quantity 

Several methods are available for determining the quantity of wastes that require 

disposal. The accuracy of the results depends upon the method followed. Perhaps the 

only means of arriving at an accurate estimate of the quantity of waste is one that 

involves weighing each vehicles and its load of waste as it enters the disposal site UNEP, 

2009). The approach involves the use of a weighing scale sufficiently large to 

accommodate vehicles of all size that come to the site. If circumstances make it 

unfeasible to weigh every loaded refuse vehicle, then recourse can be had to a procedure 

that entails the weighing of a few randomly selected incoming vehicles. To arrive at the 

total input, the sample weights are multiplied by the number of loads per day. Although 

results obtained by such a modified weight survey may be less accurate than those 

obtained by weighing each vehicle, they are better than those obtained without recourse 

to any actual weighing (UNEP, 2009).   

The other method which is believed the least accurate of the three in terms of results 

obtained, involves the collection of the following data: 1) average density of waste, 2) 

number of loads collected per day, and 3) average volume per load. The latter quantity is 

obtained by measuring the vehicle body (UNEP, 2009). The total daily weight is the 

product of all three, i.e., density, volume, and number of loads per day. For example, if 

the density is 300 kg/m
3
, the average vehicle volume is 4m

3,
 and the total number of 

loads per day is 100, then the total daily input to the disposal site is 120 Mg. The 

deficiency as far as the three cited instances are concerned arises from the fact that the 

methods are based only on those waste that are brought to the recognized disposal site 

(UNEP, 2009).   

A means of determining the real total generation, i.e., wastes brought to the disposal site 

plus wastes destined for disposal elsewhere, is to multiply the per capita rate of 

generation e.g., kg/cap/day) by the number of individuals in the generation area (e.g., 
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community, nation). A difficulty with this approach is that any attempt to reach a truly 

representative number for the per capita generation rate would be beset with many 

difficulties. Obviously, it would be physically and economically unfeasible to measure 

each individual’s output even in small, highly organized community. Consequently, 

resort must be had to sampling at the generation source. 

3.2.1.2. Composition        

A reasonably realistic estimate of the composition of a community’s waste output 

requires an analytical period of two weeks’ duration, repeated two to four times per year.  

3.2.2. Sample size determination 

The scope of the study was restricted to the major solid waste sources in the sub-city. 

These are residential houses, commercial centers, industries (wastes generated in the 

offices of industrial facilities only, excludes wastes generated from production 

processes), institutions (schools, offices, hospitals, NGOs, etc.), hotels and restaurants, 

urban agriculture, butcheries, construction and demolitions (only wastes transported to 

the dump site), and garages. 

According the information extracted from NSLSC; Cleansing Management Office, Land 

Development and Administration Department, Urban Agriculture Team, and Trade and 

Industry Department (May, 2009) there are: 78 industries, 72345 households, 1162 shops, 

59 butcheries, 486 schools and offices, 154 stationeries, 87 bakeries, 52 pharmacies, 51 

clinic, 412 garage, 102 construction & demolition (C&D) sites, 75 urban agriculture 

(urban farm land) sites,  348 hotel and cafes and a population of 341,743 (Appendix IV) 

in the sub city. 

In setting up areas, care was taken that all socioeconomic groups are represented, while 

all other solid waste generators described above were categorized in groups or strata 

based on the similarity of their solid waste they generate. Each stratum /group was 

defined; so that internally it was relatively homogeneous (the variability within each 

stratum was less than the variability observed over the entire population). 
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According to US EPA (2007), the strategy behind creating strata is to create 

homogeneous groups so that the variability is better controlled. For this study the selected 

sampling method was stratified random sampling due to variability of the nature of the 

population under investigation. The value of each stratum was determined based on 

proportional allocation. Therefore, respective number or percentage for each source is 

presented in Table 3. In proportional allocation, the sampling effort in each stratum is 

directly proportional to the size of the stratum. Then random sampling would be 

conducted within each stratum. The size of samples from each source was determined 

primarily based on the level of precision desired in the results (for example for higher 

statistical accuracy and confidence level, the number of samples were more), and on the 

cost versus its utility. Other requirement in the determination of the number of samples 

was the level of variation of the results among samples, example the difference in number 

of samples for residential and commercial or institutional and industrial or others is due 

to the level of variation in waste between these sectors, thus, for residential waste the 

variation for types of materials across the samples was usually low; therefore, fewer 

samples were required to establish the same confidence level in comparison with 

assessment of the other sources mentioned. And level of variation of materials in the 

samples was also considered in determining the number of samples. for example, if 

certain type of material contained in the sample was in lower percentages with respect to 

other materials ( e.g. e-wastes), higher number of samples were required to confirm the 

quantity of that material in comparison with the higher percentage material (e.g. food 

leftover), the number of samples was also dependent on the methodology for analysis. 

For example, fewer samples were needed to achieve the same confidence level because 

samples have been analyzed thorough hand sorting, in comparison to analysis based on 

visualization.  

The groupings created in the planning stage of this study was attempted to consolidate 

waste generators that are expected to have similar waste compositions. Therefore, the 

major sources are classified/grouped in to five as residential, commercial, institutional, 

industrial and others and further under each group sub groups are created in the following 

context under residential/ households (low income 305, middle income 500, high income 

200), under commercial (shops 254, butcheries 50, stationeries 85, beakers 87, hotel and 
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cafe 97, garage 82), under institution (schools, offices, NGOs, etc), under industry 45 

industries and  under others (urban agriculture 60, construction and demolition 50, clinic 

50, pharmacy 35) are included in the study samples. 

Table 3: Pre-categorized or grouped SW sources 

No. Source Category 

 

 

Total No. in the 

Sub City ( N ) 

Proportion in 

% out of  (N) 

Sample 

Size( n ) 

Proportion in % 

of the n  

1 Residences  72,345 1.4 1,005 50.25 

2 Shops 1,162 22 254 12.7 

3 Butcheries 59 85 50 2.5 

4 Schools& offices 486 21 100 5 

5 Stationeries 154 55 85 4.25 

6 Beakers 161 54 87 4.35 

7 Pharmacies  52 67 35 1.75 

8 Clinic 51 98 50 2.5 

9 Industries 78 58 45 2.25 

10 Hotel & café   348 28 97 4.85 

11 C &D 102 49 50 2.5 

12  Garage 412 20 82 4.1 

13 Urban agriculture 75 80 60 3 

 Total   2,000 100 

 

3.3. Identification of samples  

Determined number of representative samples from each major source of solid waste 

mentioned above which was based on the principle of obtaining representative sample, 

2000 sampling units were randomly selected and identified. Samples were randomly 

selected across the different sources for unbiased statistical analysis. After identifying, 

the responsible persons of the sources were convinced on the purpose of the study.  To 

ensure full cooperation, the sampling program and the rationale behind was fully 

explained to the participants by the researcher. At the same time questionnaires were also 

filled during field survey by the 20 nominated and trained data collector individuals for 

the study and the researcher.  

3.4. Preparation of the sorting area 

Sorting areas were selected. All sorting and associated working areas were well 

ventilated and convenient to do the intended job. A place where there is adequate light 
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and shed, easily accessible to transport the waste samples to the area, and close to any 

municipal solid waste communal collection container or bins.  

3.5. Collection, weighing and sorting  

In order to obtain very accurate data on composition and quantity correlated to specific 

types of waste generators, samples had been collected, measured and hand sorted at the 

primary stage of waste generation. The process involves several steps for each of the 

sectors starting with the individual measurements of waste taken at the generators that 

were visited. To do this, 20 personnel’s (data collectors) who are qualified to do the job 

were also selected, trained and employed for the whole study period. The general 

procedure, applied is described below, and it was followed separately for each 

sector/source that had been studied.  

Each participating source/solid waste generator in the sampling area was provided with 

three 5 kilogram capacity plastic bag containers by the data collectors, in which the day’s 

output of wastes was placed. This was in order to give a chance to the individual 

generator to exercise /practice voluntary primary separation/sorting out of wastes at 

source at least into three categories, example as food leftover, dust and ash, and others 

(such as plastics, papers, etc.). Besides having an overview on the composition 

/characteristics and quantity of the solid waste it or she /he generated per day, this also 

prevented both the overloading of bags and the handling of excess weight of materials. 

Each day, each empty and filled containers were weighed and other information (e.g., 

source, number of individuals in the household, social status) were recorded at the source 

location and collected, and transported to a central point / selected sorting sites by the 20 

individuals nominated, trained and assigned by the researcher who carried out the study, 

for reweighing and further sorting and recording composition of collected wastes for data 

interpretation. 

In case of this study, the data is required for planning Integrated Solid Waste 

Management (ISWM), therefore, higher confidence level was needed. Thus, a confidence 

level of 95% was chosen.  Also solid wastes in the samples were analyzed by hand 

sorting into a number of plastic bags through out the study period according the 
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categories listed in the selected data sheet as follows: paper, plastic, glass, metal, food 

leftover, dust & ash, textile, rubber and tire, carcass & offal, wood, yard wastes, medical 

wastes, ceramics & bricks, hair & and fur, composite wastes, sawdust, jute sacks, 

electronic wastes (e-wastes), and special waste. During this analysis the loaded plastic 

bag containers were weighed and recorded, and then an empty plastic bag container of 

the same type and size was weighed, and both weights were recorded, and then the net 

wet weight in gram/ kilogram of the solid waste sorted in each bag was calculated as 

follows:   

• Weight of loaded container minus weight of empty container.  

• This was done on the basis of each predetermined categories/ composition, and to 

reduce the magnitude of errors arising from moisture change and from 

decomposition, analysis of samples were begun immediately after collection and 

finalized within 3 to 4 hours after collection.  

• Finally plastic bag containers were emptied into a near by communal solid waste 

collection container facility. This process continued until all waste analysis was 

finalized. Thus, containers were distributed, weighed, collected, reweighed, 

sorted, emptied daily and the participants were supplied with an empty one in the 

whole period of sample collection by the data collectors and the researcher. In 

addition to obtain a reasonably realistic estimate of the quantity and composition 

of the solid waste generated, samples were collected and analyzed for a period of 

20 days.  

To get a representative data, the timing of sample collection was also considered, 

Nevertheless, the local knowledge proves that there is no significant differences or no 

seasonal variations in the quantity ,composition, moisture content and density of the solid 

waste generated in the sub city through out the year. However, data was collected that 

can assembled/reflected in a way that represents the entire period of generation in the  

sub city- wide level and even can be “scaled up” to city-wide level.  

3.6. Statistical data analysis 

For data analysis, the important considerations taken were:  producing results, which 

were representative with high confidence levels with minimum costs, and the future 
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projections incorporating population and socio- economic growth and technological 

development. SPSS (Statistical Package for Social Science) data analysis method was 

used for the analysis of solid waste quantity and composition data. Questionnaires were 

also summarized as per the required condition.  

Each solid waste type generation rate: per day per capita, per day per source, its percent 

composition and rank, solid waste generation rate per day per capita and per each source 

category, total quantity and composition of solid waste by source, percent of generation 

share of each source, percent composition of biodegradable and non-biodegradable SW, 

number of samples of each source per kebele, solid waste quantity and composition 

generated per day by each kebele, and the overall  compositions of solid waste fractions 

or components for NSLSC were calculated and  presented in Tables, Graphs and Figures.  

The general procedures are described below:  

First, the composition of the waste corresponding to a sector/ source of the waste stream 

was calculated using the method described below.  

 Calculating the mean estimate: 

For a given material (j), in all of the relevant samples (i), calculate the ratio (r), of the 

material weight (m), to the total sample weight (w). 

   rj   =  Σ mj  

  Σ wij              

Second, the extrapolated weights of waste disposed in all containers that handle waste 

belonging to the same waste stream were added together.  

Weight waste type total/ source, daily = Σ Weight container, waste type sampled, source X N (total of each source)         

                    n (number of samples of each source)  

Weight waste type total sub city, daily   =  Σ weight waste type total source, daily  

Weight waste type per source, daily     =   Weight waste type total source, daily     

        N 

 Weight waste type per capita, daily       =   Weight waste type total sub city, daily    

      Total sub city population 

Third, Moisture content and bulk density of the major (bulky) components of solid wastes 

generated in the sub city were also measured. 
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The moisture content was determined as follows: the sample of each solid waste 

type/material was weighed as received (“wet weight”) to avoid drying out. It was then 

allowed to stand until it was air-dried, i.e., its moisture content was in equilibrium with 

that of the ambient air (until the weight loss stabilized). The weight of the sample before 

and after gives the moisture content (Fig.2). 

The percent moisture content was then obtained through the following formula: 

Moisture Content (%) = WW – WD x 100  

   WW 

   Where: 

� WW = wet weight of sample, and  

� WD = dry weight of sample 

 

         

Fig.2. Air-drying solid wastes (food Leftover) for moisture and dry weight determination. 

 

Fourth, bulk density was measured by filling a plastic bucket container of 10 liter volume 

with waste and then weighing the loaded container, as shown in Fig.3. The container was 

constantly shaken and compacted during filling. The bulk density was calculated by 

dividing the net weight of the refuse (weight of loaded container minus weight of empty 

container) by its volume. The result is expressed as kg/m
3
. 

 Density (kg/m
3
) =   Wet weight of sample     

    Volume of sample  
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 Fig.3. Filling, compacting and weighing to determine bulk density 

  

3.7. Materials and equipments  

Materials such as protective devices plastic gloves, eye goggles, respiratory mask, overall 

clothes, capes and plastic boot shoes required for the study were supplied. In addition 5 

kg plastic bag containers for collection waste, thick blue plastic sheets for sorting and 

drying of solid waste, and graduated plastic buckets for volume measurement were 

delivered and used.  

Instruments such as smaller range mobile weighing scale; video and digital cameras to 

record the research process and field observation were used.  

 

3.8. Data collection problems and research limitations   

The survey results have identified a number of data collection problems and issues, as 

well as research limitations. These issues and limitations, and the strategy employed to 

overcome, are outlined and examined in the following section. 

� Personnel of most of the government offices were either not able or not willing to 

take their time to complete the survey on issues related to the environment. Those 

who did agree to participate often rushed through the survey in an attempt to 

complete it quickly and as a result, did not provide detailed and comprehensive 

information. This resulted in stagnation of gathering information, thus, extending 
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the time for interview and questionnaires to months. Furthermore, attempts were 

made by the interviewer /researcher to clarify questions that appeared to have 

been misunderstood and interviewees were probed for more information and 

detail. This problem was anticipated during the preparation of the survey 

questionnaires. Hence, questionnaires were systematically structured so that 

interviewers or the researcher could clearly see information gaps and rectify 

things by conducting formal and informal discussions. Moreover, in many 

instances inconsistencies were checked against secondary data or primary data 

from other expertise very near to the information.  

� The other data collection problem encountered during the survey was lack of 

interviewee knowledge of solid waste management issues and internal waste 

management practices. Some participants were not familiar with Integrated Solid 

Waste Management (ISWM) concepts (such as the 3R approach). While others 

were unaware of quantities, composition, time serious data of solid waste 

generated and waste disposal practices in the sub city and the city. This was either 

because the sub city and the city did not keep track of such information or the 

interviewee did not know with certainty what the correct answer or not inclined to 

engage in personal investigation to verify the accuracy of the particular response. 

It was attempted to minimize this by interviewing management teams at higher 

level.  

� Available reports of evaluations of the application of regulatory and economic 

instruments are very few in number. Reports that are available mostly deal with 

information on the existence or non–existence of standards or other regulatory or 

economic instruments. They focus attention on the weakness of current 

institutions and personnel regarding monitoring and enforcement activities. The 

literature contains few citations regarding the successful application of regulatory 

and economic instruments to environmental management.   

� There was no sufficient baseline data necessary to evaluate critically the existing 

system, and that could help as a base to carry out the research study more 

appropriately.  
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� Number of fractions that people/sources separate at home or generation points 

was only 21% of sampled sources. 

� The study does not include chemical analysis due to budget constrain.  

� The study excludes the quantity and composition of solid waste generated from 

street swept, parks management and cleaning, and industrial production process, 

due to inconveniency to arrange the collection of waste and the complexity of the 

industrial solid waste generation process.  

� The sample collection was done only once for a specific period, in other words 

data was not collected for the entire period of disposal. Therefore, this timing of 

sample collection could have affected the representatives of data, since moisture 

content, quantity and composition could vary by location, climatic variation and 

season.   
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

4.1. Present situation of solid waste management in the sub city 

It has been estimated that about 20% to 35% of the solid waste generated in sub city are 

never collected (AAEPA, 2007). Uncollected wastes accumulate in vacant lots or are 

simply dumped on the banks of streams or drainage canals or discharged into bodies of 

water. Because of improper disposal and excessive littering, in many instances, the 

burden of waste collection is transferred from the collection system to the street cleaning 

system. 

Typical productivity of a refuse collection worker in sub city is (defined as total weight 

of solid waste collected by the entire system, divided by the number of collection 

workers) is approximately 200 kg/day. Average expenditure (at 2010 price level) on solid 

waste management including street cleaning and final disposition, ranges from about Birr 

20/cap/yr to nearly Birr 50/cap/yr this is even less than the  that of other developing 

countries mentioned in Table 2 above. 

Most of the problems associated with the storage and collection of solid waste in the sub 

city can be summarized as follows; 

� Large number of open communal storage sites and unofficial dumps encourage 

the breeding of flies and rodents. 

� Methods of collection often results in workers coming into direct contacts with 

wastes that sometimes contain faecal matter.  

� Collection vehicles generally are too old and too few in number. This problem is 

primarily due to poor maintenance and lack of a vehicle replacement. 

4.1.1. Low coverage in the provision of services  

In most situations evaluated by the researcher, the sub city urban poor receive minimal, if 

any, solid waste collection services. Even when collection service is provided in poor or 

marginal areas, the level (i.e., quality and coverage) of service is not more than 10 to 20% 
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which is  much lower than 60 to 80% that was available to middle and high-income areas. 

Clearly the communities inhabited by high-density, low-income populations have a great 

need for quality collection services see Appendix I for information provided by sources 

during interviews and questionnaires.  

Several reasons exist for the poor levels of service generally achieved in low-income 

communities. Two of the more important reasons are: (1) the communities usually evolve 

without any type of planning and, thus it is difficult for collection hand pushcarts and 

vehicles to reach them; and (2) since these communities often are illegal settlements, they 

generally do not pay any municipal taxes. 

4.1.2. Methods of refuse storage 

The variables that impact the volume required for storage of domestic wastes are: 

individual rate of waste generation, number of individuals living in the premises, and 

frequency of collection. The following types of storage containers are available in the city 

/sub city. 

� Plastic bags, with capacities between 25 and 50 kg, provided sufficient volume for 

the storage of domestic wastes generated by a family of five for once to twice–

per– week collection. 

� Galvanized steel or plastic bins (with lids), with a capacity between 300 and 500 

kg, for daily or twice per week collection from stores and commercial 

establishments. 

� Litter bins; Litter bins constitute a basic requirement for the control of litter. 

Theoretically, the bins should meet the following criteria: 1) practical and 

inexpensive design; 2) spaced at convenient intervals; 3) empted frequently; and  

easy to empty, clean and repair or replace; 4) should be made of non-flammable 

materials because cigarettes are often thrown into them; 5) should include an 

outer casing of standard color and lettering, and an insert that can be easily 

removed for emptying; 6) although the size of the bin is a function of location, 

spacing, and frequency of emptying, the normal maximum size should be about 

100 L; 7) the top aperture of a litter bin should be partly covered to avoid the loss 

of contents in high winds and also to prevent the placement of oversize objects. 
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In the city of Addis Ababa litter bins are placed along the main streets. Small bins are 

attached to lighting posts, street signs, or similar units. Large litter bins are mounted on 

the sidewalk, although this requirement can be costly and results an obstruction. The 

units are fastened to some thing in order to avoid theft and vandalism, at the same time; 

they can be rapidly disconnected for emptying.  

Small bins are empted by street sweepers, whereas the large ones are part of a special 

collection vehicle. 

� Communal storage containers/bins, the most common communal/municipal 

storage method in the city. These containers can have capacities from 1 to 10m
3
.  

NSLSCCMO owns 79 and 34 municipal/communal containers of 8m
3 

and 1.1m
3 

volumes respectively, distributed in the whole sub city. At the minimum rate of 

waste generation, a container having an average throughput of 2m
3
/day would 

serve about 2000 people. See also Appendix II for solid waste storage and 

collection facilities currently available in the sub city.
 
The most difficult problem 

normally associated with the use of these containers is their sitting. The land area 

occupied by the containers is equivalent to a large shop. In addition, the location 

must be on a road sufficiently wide for vehicle access. Generally, such sites are 

difficult to find and very costly to acquire. 

The major criticisms of the containers are: 

� the manner in which they are operated, typically, the height of the containers dose 

not allow the handcarts containers  into which wastes  can  be emptied directly by 

the collectors, thus, the process of collection involves carrying each  bag to a 

container and emptied it. This is a dirty and unhealthy procedure for the 

collectors, who are brought in direct contact with the wastes. 

� The wastes are exposed to view. 

� Users tend to throw wastes just around the container, where a pile builds up and 

ultimately blocks access to the main storage area. 

� Rain, animals, and scavengers have free access because they do not have lids. 

� The collection process is dirty and non–hygienic  

� The area usually is used for urination and defecation by animals and humans. 
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� These storage sites are nuisances, particularly to people who live adjacent to 

them. 

4.1.3. Fees and charges  

Until recently, in the city / sub city the management of waste has been considered being 

the responsibility of government, financed by general revenues. In recent years, partly as 

a result of austerity and structural adjustment policies and pressures from multilateral 

financial institutions, and partly as a result of pressures to limit taxes, the government has 

increasingly focused on identifying specific revenue sources for waste management. This 

has led to a series of innovations relating to fees and charges for waste collection and 

disposal. 

4.1.3.1. Charging directly for waste service 

One approach to the financing of waste system in the city and sub city is to obtain 

payment from those who benefit from the service. On the simplest level, waste generators 

benefit from collection service, particularly households pay directly for their own waste 

removed on the basis of how much waste they are setting out or economic condition. This 

system of unit fees for waste removal in the sub city works well and represents sound 

practice when individuals want to get rid of their waste and can afford the fees. It works 

poorly when people are too poor to pay fees, when the fees are simply too high, or when 

there are ready alternatives and no control for disposal of wastes, such as by throwing 

them into open areas. Fees are used to finance waste collection or other aspects of the 

waste system, but not yet used as incentive to generators to create less waste.   

4.1.3.2. Indirect charges  

In some locations, charges for waste are linked to other public services that people are 

willing to pay for, such as water or electricity bills. Including waste charges in water 

allows some cost recovery; studies have shown that water and electrical energy 

consumption are rough indicators of waste generation. Charges and fees can also be used 

as incentives to encourage “good behavior” and to discourage “bad behavior” for 

example, the price of disposal can be increased and the cost of materials recovery 
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subsidized to give people incentives to source separate. In some instances in the sub city, 

fines are used to discourage illegal dumping. 

4.1.4. Components of solid waste collection 

 4.1.4.1. House–to– house (door-to-door) collection  

Hand pushcarts and in rare cases horse pull carts are used in the sub city, because they 

cause minimum obstruction to traffic. And they are also used for house-to-house 

collection in particular, collection along very narrow streets that are inaccessible to motor 

vehicles. 

For collectors walking from house to house, the distance to be walked is proportional to 

the number of people in a team or crew. A single individual collector walks from one 

house to the next, enters the premises and picks the plastic bag solid waste storage; the 

generator basically is not involved in the collection process. In a three-person team, each 

person collects from every third house and exchanges empty plastic bag for full ones; 

thus, labor productivity declines as team size increases. On the other hand, cart 

productivity increases with team size since the cart is loaded more quickly. The cart has 

open boxes that are attached to the frame, with a capacity of about 1.5 m
3
 to 3 m

3 
and 

takes the wastes to a large communal container, which means that the only way of 

transferring the contents to a larger communal container is to lift and carry each bag and 

empty to the larger communal container. This procedure, of course, is a wasteful use of 

labor and increases carts idling time, besides the wastes scattered, thus making the 

collection process very inefficient. 

4.1.4.2. Collection from markets, commercial centers and stores   

These places typically have a large number of stalls placed closely together. The stalls 

face narrow passages that are usually thronged with pedestrians and littered with wastes. 

Generally, sweepers bring the wastes from the passages to a central storage point which 

typically is a large pile on the ground. From time to time, a waste collection crew and 

vehicle collects and disposes the piles of waste.  
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In some of the modern places, every stall is provided with a waste bin of about 50 to 70L. 

The stalls are serviced by a sweeper with a cart who exchanges empty bins for full ones, 

and then empties the bins into a large container stationed in an area immediately adjacent 

to the market. 

4.1.4.3. Collection vehicles 

The collection of refuse involves all of the steps necessary for transferring the solid 

wastes from the storage point to the place of treatment or disposal. 

 The sub city has mixed vehicle types for the collection, but mainly for the transportation 

of solid waste from communal site to the Reppi dumping site. The most common types of 

available vehicles are: 

� A light commercial truck, its body is usually made of steel, with a flat 

platform equipped with hinged sides and tail-boards about 40 to 60 cm high. 

The volume of the truck is about 5 to 6m
3 

and is suitable to carry high-density 

materials such as bricks and aggregates. One of the major disadvantages of the 

vehicle in its standard form is that it is rarely able to carry its rated payload of 

solid wastes. Even high-density wastes piled on the vehicle would be unlikely 

to exceed 4m
3
. The advantages of this truck are the following: it is relatively 

inexpensive, it is sturdy and easily obtainable, it has good ground clearance, 

and it performs well on rough roads. 

� Compactor vehicles, direct loading to self-contained compaction vehicle, in a 

way waste is discharged from the tipping area into a trailer that possesses its 

own compacter (i.e. a self- contained compaction vehicle). A ram, mounted at 

front of the body of the trailer, pushes and compacts the waste towards the 

rear. The same ram used for compacting the waste also is used to discharge 

the material from the trailer at the dumping site. They are closed at the top to 

prevent spillage during transport, and they have doors at the rear to receive 

waste. And the allowable load limit used in the design of the vehicle is 7Mg to 

8Mg. 

 

 



 42

The disadvantages of Compactor vehicles are:  

� compaction ratio achieved with wastes from industrialized countries     

(with initial densities in the range of 130 to 190kg / m
3
) vary from 2:1 to 

4:1, the final density in the vehicle being about 400 to 550 kg/ m
3
. Wastes 

in most developing countries have an initial density similar to that of 

compacted industrialized wastes. In other words compacted densities 

achieved in low-income countries are slightly higher than those in 

industrialized countries (i.e., 550kg/m
3
, compared to 450 kg/m

3
, 

respectively).
 
This is probably due to the initial moisture content of the 

waste, i.e., 30% to 70% in developing countries, compared to 25% to 35% 

in industrialized countries (UNEP, 2009). 

� The compaction mechanism imposes a need for additional maintenance 

facilities that may not readily available in the city. 

� The compaction mechanism substantially increase fuel consumption 

� The capital cost of a compactor vehicle is significantly greater than that of 

a conventional truck. 

4.1.5. Street cleaning 

Street cleaning is one facet of a solid waste management system in which public 

education and public relations play critical roles. In the sub city of Addis Ababa the 

wastes deposited on the streets create a negative visual impact, particularly on visitors, 

and thus indirectly affects the economy of the sub city. 

In the sub city, only the paved streets are swept. Since not all of the streets are paved, a 

relatively high portion of the city does not receive street sweeping services. 

A considerable amount of waste associated with street sweeping is due to inappropriate 

behavior on the part of the public, such as discarding litter in the street. Additionally, 

particularly in medium and low-income areas, a high proportion of street wastes are 

generated from deficiencies in the refuse collection system. Due to the poor coverage of 

the collection system, a number of people opt for discarding their wastes in the street, 

roundabout, road median and vacant lots. In essence, the situation merely transfers the 
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responsibility for removing the wastes from the refuse collection crew to the sweeping 

crew.  

Other causes that lead to the large quantities of litter that is observed by the author in sub 

city are: improper or no cleanup activities after completion of public works projects, 

inadequate or inappropriate species of plants and trees selected for urban landscaping, 

erosion of soil from vacant lots, unpaved streets and nearby farm lands, inefficient or 

non-existent storm drainage systems, accumulation of construction materials as well as 

construction debris on the streets, and spillage of wastes set out for collection by either 

scavengers or animals. It is common for the collection system to conduct special 

operation to remove wastes from well known illegal dumping sites. Obviously, the costs 

involved in collecting wastes that have been scattered in the street are considerably 

higher than the costs of collecting the wastes by means of conventional containers.    

Despite the fact that the sub city municipality spends approximately 10% of its budget on 

street cleaning and sweeping, the process is not normally optimized (NSLSCCMO). 

Because of the tasks and costs involved in the process, street cleaning is also a system in 

which there are opportunities for savings by simply improving the efficiency of the 

process. Manual Street cleaning is the system used for cleaning streets in the sub city. 

Consequently, in most places, the process of street sweeping consists of cleaning the 

sidewalk and the gutters.  

The author observes, usually the wastes that accumulate on the sidewalks consists of 

primarily of light materials (i.e., leaves, paper, plastic, matches, and cigarettes) and some 

dust. On the other hand, a relatively high concentration of heavy materials and dust has 

the tendency to accumulate in the gutters. Consequently, the tasks for cleaning each one 

of these surface are different.  

The typical equipment used for manual street cleaning includes brooms, shovels, and 

handcarts and the materials (protective device used are over all with capes, hand gloves, 

and respiratory masks. The typical task of a manual sweeper is divided into two main 

phases: (1) sweeping and loading the wastes into a storage container, and (2) transporting 

the full container to a transfer point where it can be emptied. In terms of efficiency, the 
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first activity is productive while the second is not. The second activity is not productive 

because the time used in transporting the container for unloading is time that is not spent 

performing the main task of sweeping. Similarly to the waste collection phase of waste 

management, one of the main objectives in designing a system for manual sweeping is to 

maintain the total amount of time spent on transport to a minimum, this objective can be 

accomplished in either of two ways: (1) minimizing the distance over which the collected 

wastes have to be transported, or (2) providing the maximum size of receptacle for the 

wastes that are collected.  

A large percentage of the street litter is generated due to the lack of public education and 

inappropriate behavior. Consequentially, legislation can play an important role in 

achieving high standards of cleanliness and reducing the total workload of sweeping. 

Thus, the legislation should be complemented by a comprehensive public education 

campaign to enlist cooperation.  

4.1.6. Transfer stations 

Solid waste collection cost in the sub city is too high, according the sub city cleansing 

management office it takes 80% of the MSWM budget. The inordinately high cost of 

solid waste in Addis Ababa is attributable primarily to the long distance to the open 

dumping site, which is from the centroid of the wasteshed is in the range of 2 to 30km 

and absence of transfer station. Therefore, the Addis Ababa city administration is now 

planning to establish and integrate 4 new transfer stations by considering mainly the 

prevalent situations; one is the long distance to the new remote sanitary landfill site 

(sitting from the centroid of the wasteshed in the range of 37 to 50 km) to replace the 

existing old open dump site (Reppi),  and also of  large capacity planned to be established 

in the near future, and the issue of whether or not the integration of transfer stations into 

the solid waste management system would result in lower overall collection and disposal 

costs.  

The city is intended, if a transfer station is constructed and operated as part of a solid 

waste management system, it opens up the possibility of establishing a combined transfer 

station/resource recovery facility. The main objective of the resource recovery portion of 
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the facility would be to recover materials that would be used near the facility (i.e. 

recyclable materials, organic matter, RDF), in addition, compaction, sorting, selling, and 

distribution will also be performed on these sites. Therefore, only those materials that 

have no market or use would have to be transferred to long haul and disposal. Therefore, 

implementation of the system would lead to additional cost savings since less waste 

would ultimately be hauled from the transfer stations to the disposal site than in the case 

of no recovery of resources. However, an added layer of analysis is required in order to 

determine the type and degree of appropriate processing, as well as the overall 

arrangement and the cost of the combined facility.   

4.1.7. Resource recovery 

In the sub city there are few formal systems of materials recovery through the public or 

private sectors. Instead, materials recovery, including source separation and recycling, is 

largely the domain of the informal sector. The activity is focused on components of 

economic and/or social value and occurs at several levels. At the household level in low-

income, peri-urban areas, materials recovery includes the reuse of plastic bags, bottles, 

paper, cardboard, and cans for domestic purposes. The rate of reuse of these types of 

materials is high, and these materials enter the formal waste collection system only when 

they are no longer fit for domestic use. In high-income households, recovery is carried 

out by domestic servants and/or wardens locally called koralyo. Rather than reusing the 

materials directly, they sell bottles, plastics, cardboard, textiles (used clothes/salvage), 

metal scraps, used shoes, purchase and resell old office equipment and household wares, 

used industrial wares and paper to intermediaries or commercial centers that need and  

pay for these materials. The extent to which these transactions occur depends on the 

availability of local marketable end uses for the materials.  

Scavengers provide informal collection services, recovering additional material set out at 

the communal collection containers/bins and at dumps. At these sites, scavengers may be 

organized themselves into specialized groups to operate at these locations. In other cases, 

there are individuals seeking to recover items for personal or commercial use. 

Scavenging initially was driven by poverty and a desire to earn a living, but the 
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emergence of recycling industries in the city has given a boost to search for recyclable 

materials in the dumpsites. 

Glass bottles are largely returned to their point of sale for direct reuse by the beverage 

industry. A deposit system has maintained a high return rate city-wide. Instead, the 

bottles not reused for bottling of beverages are diverted from the waste stream and used 

as containers in the home. Other glass items are discarded with the rest of the MSW 

stream. 

In some locations, rags are recovered, processed, and recycled by scavengers using rag-

pulling equipment and other equipment to shred, clean, and re-knit the fibers into all-

purpose utility cloths for resale (Appendix V). Local artisans are also involved in 

producing inexpensive farm tools such as sprays and watering cans. These products are 

low in cost and have a big market among the population particularly the low income. 

Their contribution in reducing waste, although low, is not to be ignored. Other groups are 

involved in composting of organic solid wastes (organic fertilizer), which are sold to 

urban farmers or landscapers, see Fig.4 below. Some of these groups include the city 

garbage recyclers. From Table 12 which is the result of this study it can be concluded that 

since SW is comprised mostly of solid organic wastes (63%), promoting groups involved 

in composting can reduce the amount of SW reaching the landfills considerably. 

 

 

 

Fig.4. Compost and its application to vegetables growing 
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agriculture in the country, and saves foreign currency. This has given value to the 

otherwise worthless SW and has encouraged a second look at it before making a decision 

to dispose. Although, it’s estimated by the city Cleansing Management Agency that about 

5% of the waste generated in the city is reused and recycled, with this few official 

statistics on MSW generation and recycling to point to city-wide, it is difficult to 

generalize about an overall rate of waste reduction or materials recovery in the city and 

sub city. As the city moves to upgrade its municipal solid waste management systems, 

obtaining these data will be vital to the design of well integrated systems.  

In the sub city, scavenging is widely practiced and socio-economic conditions do not 

allow its abolition or prohibition. Scavengers are extremely vulnerable because they 

belong to one of the most underprivileged groups of the population and are most often 

illiterate. They are exposed to serious health hazards from waste and are also exposed to 

social and economic abuses from waste recycling traders and the community at large. 

Scavengers live in shacks and plastics built on the dump site and beside the communal 

solid waste storage containers/bins, some also feed, born, live, work, die, and be buried in 

these sites particularly in the dump site. Street children very often survive by scavenging 

materials from waste set out for collection.  

Scavengers should be protected in the same way as regular solid waste crews, but in the 

city, occupational health and safety services are most often deficient, for such crews, and 

scavengers can expect none of those services. However, the scavenger’s situation may be 

improved if they are organized and receive assistance to improve both working 

conditions and their housing and sanitation. 

The government needs to create enabling conditions for such upcoming self-help groups 

which will not only create employment but also make the city cleaner. Other measures 

include cultivation of a sense of clean environment through clean community awareness 

programs. In a word, it is the desire of people that can keep the city clean.  
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4.1.8. Solid waste disposal and environmental pollution 

Collected waste is transported to the only existing dumpsite at Reppi for disposal. The 

site is generally called Koshe dumpsite. The disposal method is open dumping. There is 

no reclamation plan. Waste is merely leveled by bulldozer in a disorderly manner. 

According to Addis Ababa city administration land fill management project office 

(AALFPMO), the present dumpsite has been used since 1965. It is located in the 

southeast about 13 km from the city center (Addis Ababa city hall) and the area is 36.4 

ha, but waste has spread over a larger area possessed by the municipality. It is said that 

the dumpsite is already full, but because the municipality fund is not adequate to allocate 

resources for new landfill, collected waste has still been dumped there in spite of 

warnings about the very high level of pollution. The new sanitary landfill project is 

included in the city ISWM plan. However, the project is in its planning phase.  It was 

found that little or no consideration of environmental impacts was paid in the selection of 

the dump site currently in use. Convenience took priority in the sitting of the dumpsite. It 

is clear that the site is a water catchment area for small streams that drain into the Akaki 

River and Abasamuel dam. Inspection and monitoring of the dumpsite is not consistent. 

In general Koshe does not meet the basic requirements in protecting ground water from 

pollution by leachate as they have no liners AAEPA and OEPO (2005). 

In the poor urban zones, indiscriminate disposal of SW at the river sides, road reserves, 

road median, roundabout and roadsides is common. Fig.7 shows such a scenario in the 

Kerra area in NSLSC. In the sub city vegetable farms are irrigated by surface water 

contaminated by SW dumped upstream. In Abasamuel dam, accelerated growth of water 

hyacinth (AAEPA, 2007) is partly attributable to illegal disposal of solid and liquid 

municipal wastes in rivers (for example Akaki  river) which drain into the dam. 

The use of open dumps for MSW in city makes environmental pollution highly probable. 

Not surface water only, but also groundwater remains vulnerable to SW pollution. The 

extent of groundwater pollution in and around the dumpsites still is unknown because 

adequate pollution assessment studies have not been done conducted on the groundwater 

(AAEPA). Based on the degree of surface water pollution, it is possible to identify when 

pollution is taking place in the groundwater. An investigation into the extent of pollution 
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 private innovators example like Solomon Solid Waste Processing, WISE, DYNAMIC, 

NESTRO and ROSE,  Addis Ababa based groups, which were making glue from bones 

and hooves disposed by a nearby slaughter houses, and also making briquettes, biogas, 

and charcoal from biodegradable SW are not operating due lack of land to work on. 

However, ORGA factory, is manufacturing organic fertilizer, and bone meal, from 

carcass and offal, and bones disposed by the Kerra Slaughter House where the factory is 

located (see Fig.5 and Fig. 6 for some of the recycled goods).   

 

 

Fig.5. Briquettes made from waste 

  

Fig.6. Charcoal made from briquette 

With the increasing cost of raw materials and chemical fertilizers, recycling and 

composting provides a cheaper source of raw materials for manufacturing industries and 
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of groundwater urgently needs to be carried out within the vicinities of the MSW 

dumpsites. 

The presence of toxic chemicals in MSW is highly probable because of a lack of strict 

monitoring of the MSW entering the dumpsites and the presence of many illegal 

dumpsites. When people scavenging at the dump sites were asked where they wash the 

wares they scavenged, most responded that they do it in the streams. This practice can 

become a major source of pollution. Strict inspection of the waste received at the 

dumpsite should be in place to safeguard against illegal dumping of toxic chemicals and 

to protect the health of people scavenging for recyclable materials. However, it should be 

noted that such a practice puts the public and the environment at risk from underground 

and surface water contamination, toxic smoke and waste blown by the wind, vectors, etc. 

Such a practice should not continue because it is not environmentally acceptable, and it 

makes the useful life of a disposal site even shorter.  

The economic reason for taking care that disposal sites have the longest possible life is 

that, once these sites are filled new ones usually can be found only at a greater distance 

and this increases transportation cost considerably, which accounts for the major share of 

overall cost (Mgaya, 2004). Still, an effective strategy to make the disposal sites have the 

longest possible life should focus not only on technical operation at the site, but also on 

waste diversion that will include source reduction, recycling, and waste transformation 

through composting. Fortunately, the new waste management system in city has included 

strategy to divert the waste from entering the dumpsite. 

 

 

 

 

 

 

  

 

 

Fig.7. Gradual movement of SW to Akaki River 
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The Addis Ababa: EPA, City Administration, Cleansing Management Agency 

(AACMA), Landfill Management Project office (AALFMPO), Beautification, Park and 

Cemetery Development and Administration Agency (AABPCDAA) and Health Bureau  

have to work together to ensure that sanitary disposal of MSW in the city is achieved. 

The city is to relocate its only dumpsite to Sendafa which is 37 km from city hall which 

will be developed to meet sanitary standards. The city also embarked on a beautification 

program, aimed at making it a beautiful city. Disposal or discharge of waste into rivers 

and green areas has been banned. However, strict inspection and surveillance should be 

put in place for meaningful results to be achieved. 

A centralized solid waste management approach still is used in most kebeles. However, 

most local authorities answered to the questionnaires and interviews that they are now 

more willing to embrace new ideas that can improve the management of MSW. Although 

there is sufficient legislation covering waste management, local authorities lack the 

capacity to implement them. Therefore, many local authorities are now more willing to 

seek partnership with the private sector as well as embrace decentralization of MSWM. 

4.1.9. Institutional arrangement system 

There are some agencies and offices, which are at least partially concerned with SWM in 

The sub city and city. This section reviews first the legal responsibilities of the agencies 

concerned and then their actual responsibilities in practice. 

4.1.9.1. Environmental protection authority (EPA) 

The Environmental Protection Authority (EPA) law clearly prescribes that the authority 

has responsibility for establishing proper guidelines for SWM and supervising its 

execution. The EPA is also responsible for monitoring and enforcing compliance with the 

environmental law and the operation and discharge permits. Therefore, the EPA has the 

responsibility for SWM at the national level. 

4.1.9.2. Addis Ababa city administration cleansing management agency (AACMA) 

 The sub decree on solid waste management currently prescribes that developing rules 

and regulations, the collection, transport, storage, and dumping of waste in sub cities is 
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the responsibility of the agency. Therefore, it has the responsibility for SWM in the city. 

However, its future responsibilities will be transporting SW up to the transfer stations not 

the landfill. According to its statutes, CMA has very broad mandates; it may itself deliver 

SWM services, such as collection and transportation, or contract out these services, and 

monitor the performance of the service providers. 

4.1.9.3. Addis Ababa landfill management project office (AALFMPO) 

Both CMA and LFMPO are established in 2009 to reduce the administrative costs and 

increase operational efficiency. It is described in a statute of the city waste management 

that LFMPO has the responsibility for the solid waste final disposal (landfill 

management), transfer stations management, sorting, reuse recovery/recycling business in 

the city.  

4.1.9.4. Addis Ababa beautification, park and cemetery development and 

              administration agency (AABPCDAA) 

 It has the responsibility for green area, park, road median, roundabout and cemetery 

development and management. 

4.1.9.5. Responsibilities of the concerned agencies in practice 

In the present SWM system, CMA which has a wide mandate in SWM to control the 

operation performance of the service city is presently only responsible for the operation 

of its own disposal site, without any permit from the EPA. The EPA, which is responsible 

for monitoring and enforcing the environmental law, seems unable to perform completely 

its task, although it admits that the operation at the disposal site by CMA is neither 

technically nor environmentally acceptable. 

4.2. Waste characteristics 

Waste cannot be effectively managed at any level without a good understanding of what 

it comprises, how much there is, who makes it, what happens to it, and what its effects 

are (UNEP, 2009). The urban waste characteristics may be conveniently considered 

under two headings: waste generation, and composition of the generated waste (UNEP, 

2009). 
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As mentioned earlier, the estimate up to now; there have not been any rigorous estimate 

of the waste composition and generation per capita in the sub city and the city. The 

current value of waste generation per capita, 0.221 kg/day used by the city and sub city, 

is an assumed value based on estimate of annual generated waste based on counting the 

number of trucks that go to the only existing dumpsite (NSLSCCMO), unpublished 

report). Such an estimate may have a very limited accuracy because firstly, the collection 

trucks are not always loaded, as they are supposed to be. Secondly, the uncollected waste 

left in the city in many areas is not taken into account, so the 2004 to 2009 estimated 

generated waste may be much less than the actual amount. The amount of generated 

waste is shown in Table 4, which shows that the waste generation in the sub city has 

increased over time. Better planning for SWM should be established to avoid any serious 

outcome. 

       Table 4: Time serious data and projections of sub city total solid waste       

                       quantities generated and transported for the years 2004 – 2010 

Year Volume ( m
3
) generated Volume(m

3
),transported Source 

2004 72119 66405 NSLSCCMO, 2010 

2005 73814 74959 >> 

2006 74000 59751 >> 

2007 81712 73503.3 >> 

2008 81715 72993 >> 

2009 81769 88300.8 >> 

2010 120450  This study 

      Source: NSLSCCMO, 2010. 

4.2.1. Solid waste generation rate  

The wet weight generation rate per capita per day, mean daily  generation of each 

sector/source, total generation rate per day per source, and total quantity of solid waste  

generated per day in NSLSC is obtained by direct measurements of solid wastes at the 

source of generation collected during the study period. The aggregated data of the 

collected measurements are presented in Table 5. 

As mentioned in the methodology and can be seen in the data structure of the research 

result those experimental sectors are stratified proportionally in order to make the sample 

representative of the population. Such unequally replicated data structures can be 
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analyzed in completely randomized design. From the data in Table 5 the following Tables 

6, 7, 8, 9, 10, 11, and 12 are derived in order to show clearly the mean weight of each 

sector solid waste generation rate in the sub city. SW mean generation rate of the sub city 

is 1.283 Wt Kg per source per day as shown in Table 12, this table also shows the 

generation rate by Wt (Kg per day per capita) of each type/component of waste generated  

in the sub city. And the generation rate per each source is indicated in Table 6, 7, 8, 9, 10 

and 11.  

Table 5: Aggregated data per total samples of each source (wet weight kg/day)  

 

Type of 

Waste 

Sources ( Sectors ) 
Total  

(daily) 

Mean 

(daily) Residential Commercial Institutional Industrial Others 

Plastic 171.525 69.85 12.885 13.095 2.1 269.5 53.891 

Paper 116.28 46.7 25.345 5.155 3.9 197.4 39.476 

YW 171.495 85.73 3.45 0.4 9.24 270.3 54.063 

FLO 527.275 99.745 9.8 6.45 29.68 673 134.59 

A&D 309.65 16.2 3.15 3.8 50.8 383.6 76.72 

Metal 4.815 76.2 0.02 3.65 0 84.69 16.937 

Textile 26.915 18.95 0.3 8.05 0.7 54.92 10.983 

Glass 5.615 14.85 0 0 0.9 21.37 4.273 

MW 0.032 3.65 0 0 8.9 12.58 2.5164 

C&O 2.88 3.8 0 0 0.75 7.43 1.486 

R &T 0.225 2.1 0 1.3 0 3.625 0.725 

C & B 0.6 0 0 2.388 0 2.988 0.69 

Wood 8.3 0 0 1.5 0.9 10.7 2.14 

H & F 1.3 0 0 1.3 0 2.6 0.52 

J S 0 0.002 0 0 0.01 0.012 0 

CW 0 0.9 0 0 0.018 0.918 0.1836 

SD 0 0.002 0 0.9 0.9 1.802 0.48 

Total 1347 441 55 48 108 1999 399.67 

Mean 1.34 0.67 0.55 1.1 0.61 0.999  

Replication 1005 655 100 45 195 2000 85 

Grand mean      399.67 

Note: YW IS Yard waste, FLO is food leftover, A&D is ash & dust, MW is medical wastes, C&O  

Is carcass& offal ,R&T is rubber & tire, C&B is ceramics & bricks, H&F is hair &for, JS is jute sacks CW 

is composite wastes, SD is sawdust. 
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Table 6: SW generation rate by weight (kg) per day: per source, total  

                samples from each source and total of each source. 
  

  

Source/Sector 

Total 

Sources   

( N ) 

Sample 

Size       

( n ) 

 

Total per(n) 

 

 

Total per( N) 

Mean 

weight Per 

Source 

1 Residences 72345 1005 1347 96996 1. 34 

2 Commercial 2296 655 441 1438.35 0.67 

3 Institutional 486 100 55 268.32 0.55 

4 Industry 78 45 48 85.89 1.1 

5 Others 280 195 108 171.543 0.61 

 Total 75485 2000 1999 98949.426 4.23 

 

 

Table 7: Generation rate and composition by weight (kg) of SW disposed   by  

                 residential sources in NSLSC 

 

Component 

Generation Per Day 

Proportion out of 

the total (%) 

Per             

(n = 1005 ) 

Per                                   

(N = 72345 ) Per Source 

Food Leftover 527 37956 0.52465 99.2 

Dust & Ash 310 22290 0.30811 99.3 

Plastic 172 12347 0.17067 96 

Paper 116 8370 0.1157 94 

Yard Wastes 171 12345 0.17064 98 

Carcass & Offal 2.88 207 0.00286 66 

Textile 27 1937 0.02677 94 

Metal 5 360 0.00498 80 

Wood 8.3 597 0.00825 94 

Glass 6 432 0.00597 96 

Hair & fur 1.3 94 0.0013 89 

Rubber & Tire 0.225 16 0.00022 51 

Ceramics & Bricks 0.6 43 0.00059 100 

Medical Wastes 0.032 2 2.8E-05 99 

Total 1347.337 96996 1.34074 1255.5 

Percent share    73.9 
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Table 8: Generation rate and composition by weight (kg) of SW                       

disposed by commercial sectors in NSLSC 

 

 

 

   Table 9: Generation rate and composition by weight (kg) of SW 

                     disposed by institutional sectors in NSLSC 
 

Component 

Generation Per Day 

Proportion out of the 

total (%) 

Per          

(n =100 ) 

per             

(N = 486 ) 

Per 

Source 

Food Leftover 9.8 48 0.0988 0.13 

Dust & Ash 3.15 15.31 0.0315 0.06 

Plastic 12.885 63 0.1296 0.5 

Paper 25.345 123 0.2531 1.4 

Yard Wastes 3.45 17 0.035 0.14 

Textile 0.3 2 0.0041 0.1 

Metal 0.02 0.01  0.03 

Total 54.95 268.32 0.5521 2.36 

Percent share    8.13 
 

 

 

 

 

 

 

 

 

Component 

Generation Per Day Proportion 

out of the 

total (%) Per (n=655) 

Per           

(N =2296 ) Per source 

Food Leftover 69.85 246 0.10714 0.64 

Dust & Ash 46.7 137.27 0.05979 0.61 

Plastic 85.73 326.8 0.14233 2.83 

Paper 99.745 335.95 0.14632 3.91 

Yard Wastes 16.2 65 0.02831 0.51 

Carcass & Offal 76.2 106 0.04617 34 

Textile 18.95 85.4 0.0372 5.15 

Metal 14.85 78.23 0.03407 18.13 

Wood 3.65 14 0.0061 2.5 

Glass 3.8 14.6 0.00636 3.8 

Hair & fur 2.1 8.4 0.00366 8.2 

Rubber & Tire 2.85 12.7 0.00553 42 

Sawdust 0.002 0 0 50 

Composite Wastes 0.9 4 0.00174 0 

Jute Sacks 0.002 4 0.00174 99.5 

Total 441 1438.35 0.67 271.78 

Percent share    16 
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Table 10: Generation rate and composition by weight (kg)                             

of SW disposed by industrial sectors in NSLSC 

 

Component 

Generation Per Day Proportion 

out of the 

total (%) 

Per        

(n = 45 ) 

per         

(N = 78 ) 

Per 

Source 

Food Leftover 6.45 11 0.141 0.03 

Dust & Ash 3.8 6.59 0.0845 0.03 

Plastic 13.095 23 0.2949 0.35 

Paper 5.155 9 0.1154 0.1 

Yard Wastes 0.4 1 0.0128 0 

Textile 8.05 14 0.1795 0.7 

Metal 3.65 7 0.0897 1.7 

Wood 1.5 3 0.0385 0.5 

Hair & fur 1.3 3 0.0385 2.8 

Rubber & Tire 1.3 2.3 0.0295 7 

Sawdust 0.9 2 0.0256 25 

Ceramics & 

Bricks 2.388 4 0.0513 100 

Total 47.988 85.89 1.1012 138.21 

Percent share    0.138 
 

 

Table 11: Generation rate and composition by weight (kg) of SW                                   

disposed by other sectors in NSLSC 

 

Component 

Generation Per Day Proportion out 

of the total 

(%) 

Per          

(n =195) 

per             

(N = 280) 

Per 

Source 

Food Leftover 2.1 3 0.01071 0 

Dust & Ash 3.9 5.96 0.02129 0 

Plastic 9.24 13.37 0.04775 0.05 

Paper 29.68 52.125 0.18616 0.59 

Yard Wastes 50.8 64 0.22857 0.51 

Textile 0.7 1.25 0.00446 0.05 

Metal 0.9 1 0.00357 0.24 

Wood 8.9 19 0.06786 3 

Glass 0.75 9.8 0.035 0.2 

Sawdust 0.9 2 0.00714 25 

Composite Wastes 0.018 0.018 0 1 

Jute Sacks 0.01 0.02 0 0.5 

Total 107.898 171.543 0.61265 31.14 

Percent Share     1.832 
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Table 12: Overall generation and composition of SW produced in the sub city 

Component 

 

Generation Per Day  Wet  Weight ( Kg ) Percent 

Composition 

by wet 

weight(kg) 

Rank 

 

Per                     

( n=2000 ) 

per                

( N = 75485 ) 

Per 

Source per Capita 

Food Leftover 615.865 38264 0.5 0.11 38 1
st
 

Dust & Ash 366.95 22456 0.3 0.07 23 2
nd

 

Plastic 291.685 12774 0.17 0.04 13 3
rd

 

Paper 276 8890 0.12 0.03 9 5
th

 

Yard Wastes 242.105 12492 0.16 0.04 13 3
rd

 

Carcasses &Offal 79.08 313 0.0004 0.0009 0.3 10
th
 

Textile 54.915 2040 0.03 0.0006 2 6
th

 

Metal 24.235 443 0.0006 0.0001 0.4 9
th

 

Wood 22.35 633 0.0008 0.0009 0.6 7
th

 

Glass 9.815 448 0.0006 0.0001 0.4 9
th

 

Hair & Fur 4.7 106 0.0004 0.00003 0.1 11
th
 

Rubber &Tire 4.375 31 0.00004 0.000009 0.03 12
th
 

Composite Wastes 0.918 8 0.00001 0.000002 0.0008 14
th
 

Sawdust 1.802 2.4 0.000003 0.0000007 0.01 13
th
 

Ceramics & Bricks 2.988 43 0.00006 0.00001 0.00002 15
th
 

Medical Wastes 0.05 2.018 0.000003 0.0000006 0.00001 17
th
 

Jute Sacks 0.012 4.02 0.000005 0.0000012 0.00002 15
th
 

Total 1999 98960. 1.283 0.293 99.84085  

 

For a reason of comparison the results of the surveys made on solid waste generation are 

shown in Table 13. The results show that the generation rate per capita per day ranges 

from 0.15 to 0.546 kg, thus, the result of this research study also lies in this range. In 

addition the table indicates in general the trend of growing generation rate per capita per 

day in the city.  This may be due to population increase, increasing living standard, 

economic growth and growing of urbanization and industrialization. 

Table 13: Host of researchers report on Addis Ababa SW generation rate  

 

 

Generation 

rate 

 

Norconsult, 

1982 

 

 

Sturdy 

Gordon

, 1994 

 

Sturdy 

Gordon, 

1995 

 

French 

Mission 

 

Samuel 

Shimelis, 

2008 

Clinton 

Climate 

Initiative, 

2008 

This 

study 

 

UNEP, 2009 

Kg Per  

capita 

 per day 

 

0.15 

 

0.221 

 

0.252 

 

0.2 

 

0.546 

 

0.4 

 

0.293 

 

0.25-4 

(developing 

countries) 

 
Density, 

Kg/m
3
 

 

370 

  

205 

 

308 

 

277.66  

 Average 

430 
Source: AACMA, & Samuel, 2008. 
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Table 6 and12 above shows that the total SW by wet weight (kg) generated by 341,743 

people living in the sub city is 98960 kg or 99 ton (330m
3
) per day, and the per capita 

generation rate is 0.293 kg. Thus, the sub city is shown to have lower waste production 

per capita, a fact probably related with its relatively lower economic stand and different 

consumption patterns (such as the stable food ingera/ pancake made of Eragrosits teff 

flour). While the total quantity of SW (Wt. Kg) generated in the sub city per day by each 

source are 96996, 1438.35, 268.32 85.89 and 171.543 as shown in Table 7, 8, 9, 10 and 

11 for residences, commercial, institutional, industrial, and others respectively. It can be 

seen from Table 6, 7, 8, 9, 10, and 11 that the per source generation rate is higher from 

residential and industrial sources. This may address the limited reusing and recycling and 

also high wet weight of some of the components of SW generated from these sources 

(such as food leftover). However, the per source generation rate is observed to be lower 

in commercial, institutional and other sources (construction and demolition, urban 

agriculture, pharmacy, and clinic), the reason may be due to a better reusing, recycling 

and low weight of  SW  generated by these sources. In addition, based on obtained data 

the currently produced waste stream (share % by weight) the majority of wastes can be 

characterized as household 73.9%, in which the participation of biodegradable waste is 

between 65 and 70% by weight, shows that lion share of the total SW quantity is 

generated by residential sources followed by commercial sources 16%, institutional 

8.13%, others 1.832%, and industrial 0.138% subsequently in Fig.8. It can be seen that 

this result is consistent to those of the other research results carried out in city such as 75 

and 24% generated from residential and others respectively (Mesfin, and Emanuel, 2009). 

According to Norconsult, (1982) the percentage contribution of waste generated from 

domestic waste is 76 %, commercial waste and hotels 12 %, industrial waste 5 %, street 

sweeping 6 %, hospitals 1%.  
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Fig.8. Share of Sources (% by weight) 

Therefore, this data mirrors the present situation and it provides a valuable means for the 

identification and implementation of a promising ISWM plan considering the viable 

management strategies. Further, to have a clear picture of the contribution of each Kebele 

for management decision purpose the share (% by weight) is calculated as shown in 

Fig.9.  
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Fig.9. Share of Kebeles in Nifas-Silk Lafto sub city (% by weight) of the total         

solid waste generated in the sub city.  

Note: K stands for Kebele 
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As can be seen in the one way ANOVA, Table 14 at 0.05 significant level or 95% 

confidence level or in other words (0.05 > 0.006), thus, there is a significance difference 

between sources mean daily weight generation rate 

   Table 14: ANOVA for mean generation of sources by weight 

 Sum of Squares df Mean Square F-value Sig. 

Between sources 72070.378 4 18017.595 3.959 .006 

Within sources 364069.802 1995 4550.873     

Total 436140.180 1999       

 

From Table 15 it can be seen that there is significant difference in the mean daily weight 

generation between residential source and all other sources (commercial, institutional, 

industrial and other), while there is no significant difference from each other sources. 

That is the mean daily generated solid waste quantity from commercial, institutional, 

industrial and other sectors are not significantly vary. 

       Table 15: Multiple comparisons (LSD test) and Standard error of each source 

(I) Source (J) Source Mean Difference (I-J) Std. Error Sig. 

Residential Commercial 53.47812(*) 23.13864 .023 

  Institutional 75.99747(*) 23.13864 .002 

  Industrial 76.35406(*) 23.13864 .001 

  Others 72.82994(*) 23.13864 .002 

Commercial Residential -53.47812(*) 23.13864 .023 

  Institutional 22.51935 23.13864 .333 

  Industrial 22.87594 23.13864 .326 

  Others 19.35182 23.13864 .405 

Institutional Residential -75.99747(*) 23.13864 .002 

  Commercial -22.51935 23.13864 .333 

  Industrial .35659 23.13864 .988 

  Others -3.16753 23.13864 .891 

Industrial Residential -76.35406(*) 23.13864 .001 

  Commercial -22.87594 23.13864 .326 

  Institutional -.35659 23.13864 .988 

  Others -3.52412 23.13864 .879 

Others Residential -72.82994(*) 23.13864 .002 

  Commercial -19.35182 23.13864 .405 

  Institutional 3.16753 23.13864 .891 

  Industrial 3.52412 23.13864 .879 

*The mean difference is significant at .05 level 
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 Because of the unequal replication the standard error  are calculated separately for each 

group in order to know the magnitude of the deviation relative to their respective mean 

and the result is presented as follows in Table !6. This standard error indicates that if 

study is going to be conducted in the future in the same solid waste stream the sample 

size for those who have higher standard error should be increased. 

                           Table 16: Standard error of mean of sources  

Source Mean± SEM
 

Residential 79.2298 ± 35.37601 

Commercial 25.7517 ± 8.52456 

Institutional 3.2324 ± 1.65912 

Industrial 2.8758 ± 0.86760 

Others 6.3999 ± 3.29490 

Total 23.4979 ±7.81563 

As can be seen in Table 17 the noe way ANOVA at 0.05 significant level or 95% 

confidence level (0.05 >0.148) thus, there is a no significance difference between waste 

components mean daily weight generation rate 

              Table 17: ANOVA for mean generation of waste components by weight 

 
Sum of 

Squares Df Mean Square F Sig. 
Between Groups 111773.503 16 6985.844 1.445  0.148 

Within Groups 323839.085 67 4833.419     

Total 435612.588 83       

 

While from the multiple comparisons Table 18 it can be seen  that the presence of 

variation at 0.05 level of significant in the mean daily weight generation between food 

leftover and all other types of waste components/ waste materials (paper, metal, textile, 

glass, medical wastes, carcass & offal, rubber & tire, ceramics & bricks, wood, hair & 

fur, jute sacks, sawdust, composite wastes). But no significance difference was observed 

among food leftover mean daily weight generation and plastic, yard wastes and dust & 

ash. In addition, it shows the existence of no significant difference from each other 

among other waste components (paper, plastic, yard waste, dust & ash, metal, textile, 

glass, medical waste, carcass & offal, rubber & tire, ceramics & bricks, wood, hair & fur, 

jute sacks, sawdust, composite wastes).   
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Table 18: LSD test and standard error of each waste component 

(I) Types (J) Types Mean Difference (I-J) Std. Error Sig. 
Food Leftover Plastic 80.6990000 43.9700770 .071 

  Paper 95.1140000(*) 43.9700770 .034 

  Yard Wastes 80.5990000 43.9700770 .071 

  Dust & Ash 57.8700000 43.9700770 .193 

  Metal 117.6530000(*) 43.9700770 .009 

  Textile 120.9362500(*) 46.6373094 .012 

  Glass 130.3170000(*) 43.9700770 .004 

  Medical Waste 132.0736000(*) 43.9700770 .004 

  Carcass &Offal 133.1040000(*) 43.9700770 .004 

  Rubber & Tire 133.8650000(*) 43.9700770 .003 

  Ceramics & 
Bricks 

133.9924000(*) 43.9700770 .003 

  Wood 132.4500000(*) 43.9700770 .004 

  Hair & fur 134.0700000(*) 43.9700770 .003 

  Jute Sacks 134.5876000(*) 43.9700770 .003 

  Composite Waste 134.4064000(*) 43.9700770 .003 

 Sawdust 134.2296000(*) 43.9700770 .003 

 *The mean difference is significance at the 0.05 level 
 

4.2.2 Composition of solid waste at generation 

Sources and collection points were determined on a wet weight basis and it consists 

mainly of a large biodegradable fraction (63%), and a less non biodegradable fraction 

(37%).  The results of the study of composition of the generated SW are shown in Fig.10. 

and Fig.11. The percent composition of each material/waste stream or component is food 

leftover 38%, dust and ash 23%, plastic 13%, yard wastes 13%, paper 9%, textile 2% and 

others on Fig.10. List (each less than 0.7%). 
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      Fig.10. Overall daily generated SW composition (% by weight) 
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 Fig.11. Biodegradable and non-biodegradable solid waste composition (% by    

              weight) 

From the total waste stream only the organic or biodegradable fraction can be considered 

as biomass. Therefore, the results of the analysis show that the physical characteristics of 

SW in the sub city are largely organic matter that has potential for composting, and the 

potential of wastes in the future energy market and the increasing possibilities to intrude 

in the energy policy of the nation could be characterized as a realistic option, if their 

generation rates and the growing concern for increased utilization of renewable energy 
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sources is taken into account. In addition, the segregation and processing of the organic 

matter in the waste can make a sizeable contribution to the reduction of storage, 

transportation cost and quantities requiring ultimate disposal, since organic matter 

typically constitutes 63% of the solid waste generated in the sub city. However, the 

relative percentage of organic waste in SW Organic waste ratio is generally decreasing 

with the increasing socio-economic status; so we can say that the sub city and the city as 

a whole generate less organic waste than before. For example, in the data from early 

source’s results shows a larger organic content in the SW composition as 65-75 % 

(AAEPA, 2005). Also, it is noticed that the percentage of recyclable materials (such as 

paper, glass, metals, and plastic) at source of generation is rising (AACMA, assumption). 

Nevertheless, it seems that the organic fraction will continue being the major participant 

in generated SW in sub city for the near future, requiring an environmentally sound 

management route other than land filling, so as to be fully exploited in terms of material 

and energy recovery. Therefore, this result from the investigation can be used to evaluate 

the potential of waste stream, considering the different waste management techniques; 

and it can be said also the analysis of the results will contribute in the identification of 

differences in wastes composition due to variances in consumption pattern and 

chronological evolution of wastes. 

The investigation aimed at identifying SW composition of each generation source/sector 

was grouped to the sources and the overall composition of SW that resulted from sample 

data analysis for residential, commercial, institutional, industrial, and others  are 

presented in Fig. 12,13,14,15 and 16, respectively. In order to identify the over all 

composition of SW the collected data from all areas were used.   
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  Fig.12. Residential SW composition (% by weight) 
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Fig.13. Commercial SW composition (% by weight) 
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    Fig.14. Institutional SW composition (% by weight) 
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Fig.16. Others SW composition (%by weight) 

 

4.3. Solid waste raw weight, dry weight, moisture content and density 

As stated in the methodology, in order to develop a comprehensive profile of the 

generated SW the following procedures were conducted: weighing of raw SW for 

specific volume determination to calculate the density, drying for moisture determination 

and measuring the dry weight. The results for each major waste category/component are 

presented in Table19. The analysis shows that the moisture contents of food leftover and 

yard wastes are 62% and 56% respectively; these results support the common assumption 

that these wastes have moisture content 55-70%. Further, this is also consistent with the 

results obtained by Norconsult (1982), Gorden (1995), French Mission (undated), Yitayal 

Beyene (2005) and Samuel Shimelis (2008) for the city of Addis Ababa. 

 This indicates the composting potential of these components and even that of the total 

waste stream, because composting potential depends on moisture content of the SW that 

defines the quality of the produced composting product. In other words moisture content 

is one of the crucial characteristics when considering composting of wastes. Efficient 

composting requires that the moisture content of the composting mass be maintained at or 
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above 45% (Barton et al., 1996). The deviation of the total SW from the optimum value 

could be obtained thorough removal of waste fraction with low moisture content such as 

plastic, metals, ash and glass. The removal of those waste categories can be obtained 

without additional composting expenditure through application of recycling programs, 

setting composting as a feasible solution. However, since composting and renewable  

energy recovery are among the elements of the ISWM strategies that can be applied to 

either the total waste produced or only to its organic fraction, it was considered 

reasonably to present this data for the major components of  SW generated  in the sub 

city.  

Table 19:  Raw weight, dry weight, moisture content,  

                    and density of collected SW in NSLSC                                                     

Component 

 

 

Raw 

weight 

(kg) 

Dray 

weight 

(kg) 

Moisture 

content 

(%) 

Density 

(kg/m
3
) 

 

Food leftover 616 234 62 375 

Dust & Ash 367 360 2 1650 

Plastic 292 288 1.5 52 

Yard wastes 242 106.5 56 110 

Paper 276 262 5.2 75 

Textile 55 50 9 242 

Wood 22 19 15 510 
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CHAPTER FIVE 

 CONCLUSIONS AND RECOMMENDATIONS 

5.1. Conclusions   

This study is more focused on information collection pursuing development of 

compatible waste characteristics databases for further analysis, rather than on research 

and development of waste treatment and disposal techniques. 

An investigation aimed at identifying waste generation rate, composition and physical 

and chemical characteristics in some measures, such as moisture content, dry weight and 

bulk density of the major solid waste components generated in the sub city was 

conducted in the period of February, 2010 in the sub city of Nifas-Silk Lafto, which is 

one of the 10 sub cities in Addis Ababa. The sub city consists of 10 Kebeles (lower 

administration level in the city administrative hierarchy) with different residential and 

socioeconomic characteristics. The various living standards and the consequent 

differences in human activities render Nifas-Silk Lafto as a representative sub city, the 

data of which could be used to formulate viable ISWM strategy for the city of Addis 

Ababa.  

 The analysis presented so far attempted to address all of an ISWM from collection of 

waste generation data to the development of a holistic management strategy that can be 

applied in the sub cities and the city of Addis Ababa. The survey findings (through 

questioners and interviews) and the collected and analyzed SW data together indicates 

that SW management efficiency of the sub city municipality is not proportional to the 

amount of SW generated in the sub city. For example the present capacity of the 

municipal containers can collect and transport only 65-80% of the total solid waste 

generated to Reppi dump site.  

In this study, it was found that local authorities in the sub city and city are faced a myrid 

of problems that have greatly constrained provision of services. Some of the problems 

are: economical constraints, use of open dumps for MSW, illegal dumping of wastes, 
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limited participation of public private partnership in SWM, no an all inclusion approach, 

clearly there is a large gap between policy and implementation, and it generally proves to 

be politically and practically difficult for a regulatory governmental unit to enforce 

compliance with regulations, which are violated or ignored by other governmental units.. 

Lack of coordination among the relevant waste agencies and authorities, this is seen to be 

one of the major shortfalls in the institutional arrangement system and may lead to the 

duplication of efforts which is a waste of resources and time. However, although there are 

problems, there are also promising efforts started by the city, among them are the 

following: organizing the small and micro enterprises  mainly for house-to-house waste 

collection which is relatively more effective, it has been observed that the municipality 

has employed private companies/ contractors for secondary transportation from the 

communal bins and collection points to Reppi, planning and designing for the 

establishment of  a new sanitary landfill and intermediate points between sources and the 

dump site (transfer station) which is planned to include sorting, processing and recovery 

center,  made an instructional arrangements such as the opening of landfill management 

project office which may be beneficial to encourage the competent authorities, 

researchers, professionals, academicians and NGOs to work towards further improvement 

of the present system. 

Based on the presented data and their analysis, the result of this research shows that the 

SW generation rate by weight per day: per capita   is 0.293 kg, per source is 1.283 kg of 

residencies is 1.34 kg, commercial is 0.67, institutions is 0.55 kg, industries is 1.1 kg and 

others is 0.61 kg. And total SW generated from all sources per day is 98960 kg (99 tons) 

or 330 m
3
 and the contribution of each source are 96996 kg, 1438.35 kg, 268.32 kg, 85.89 

kg and 171.543 kg, and (% by weight) 73.9%, 16%. 8.13%, 0.138% and 1.832% from 

residencies, commercial, institutions, industries and others respectively. Moisture content 

and density for food leftover, dust and ash, plastics, yard wastes, paper, textile and wood  

are: 62% and 375 kg/m
3
, 2% and 1650 kg/m

3
, 15 % and 52 kg/m

3
, 56% and 110 kg/m

3
, 

5.2% and 75.kg/m
3
, 9% and 242 kg/m

3
 and 15% and 510 kg/m

3
 respectively. Generation 

rate Wt. kg/capita/day of each component present in the SW generated in sub city are: 

0.11, 0.07, 0.04, 0.03, 0.04, 0.0009, 0.0006, 0.0001, 0.0009, 0.0001, 0.00003, 0.000009, 

0.000002, 0.0000007, 0.00001, 0.0000006 and 0000012 for food leftover, dust and ash, 
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plastic, paper, yard wastes, carcass and offal, textile, metal, wood, glass, hair and fur, 

rubber and tire, composite wastes, sawdust, ceramics and bricks, medical wastes and jute 

sacks respectively.   

The composition fractions by weight shows that 63% of the total SW generated in the sub 

city is biodegradable, this evidences that the potential for compost production and energy 

recovery. Although 37 % by weight of the total SW generated in the sub city is inorganic 

13.8 % of it is recyclable, includes plastic, metal, glass, rubber and bricks.  

Finally it is concluded that composting and energy recovery from SW can be the  feasible 

waste management practices, and they should be an essential part of contemporary waste 

management strategies in the sub city and the city at large, and  in addition  recycling can 

play an important role to be a feasible solution to realize the new perspective that holds 

waste should be recovered or disposed of without jeopardizing human health and without 

using processes or methods which could harm the environment.  

5.2. Recommendations 

� The collection bins must be appropriately designed with features like metallic 

containers with lids, and to have a large enough capacity to accommodate 20% 

more than the expected waste generation in the area, with a design for mechanical 

loading and un-loading, placement at appropriate locations. Municipal authorities 

should maintain the storage facilities in such a manner that they do not create 

unhygienic and unsanitary conditions.  

� Proper segregation would lead to better options and opportunities for scientific 

disposal of waste. Recyclables could be straightway transported to recycling units 

that in turn would pay a certain amount to the sources, suppliers, and associations, 

thereby adding to their income. This would help in formalizing, upgrading and 

buildup the existing informal set up of recycling units. It could lead also to several 

advantages such as enabling technology up gradation, better quality products, 

saving of valuable raw material resources of country such as forests, reducing the 

need for landfill space, a less energy-intensive way to produce some products and 

employing labor in recycling industries. Organizing the informal sector, 

establishing a market chain system and waste processing and recovery 
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center/centers for reusable and recyclable materials and promoting small and 

micro-enterprises in the solid waste management sector are an effective way of 

extending affordable services. Promotion and development of recycling is a 

means of upgrading living and working conditions of scavengers and other 

marginalized and disadvantaged groups.  

� A more rigorous scientific research on environmental management strategies is 

needed. In depth studies should be centered on the evaluation of the effectiveness 

of various regulatory and economic instruments, for example, practical aspects of 

initiating and operating an economic instrument and the circumstances essential to 

the success of the applications. 

� Finally, the research should be directed to effectively handle these problems based 

on limited data available, a new analytical approach-system dynamics modeling 

capable of addressing socioeconomic and environmental situations must be 

developed and applied for fulfilling the prediction analysis of SW characteristics, 

particularly SW generation and composition and its management with reasonable 

accuracy in a fast-growing urban area based on a set of limited data or samples.  
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 APPENDICES 

 
 AppendixΙΙΙΙ: Current waste management system complied answers from each sampled 

                      source 

Industries 

Medical 

institutions 

Restaurants & 

hotels 

Groceries & 

bars Butcheries 

Temporary  storage 

at own store & 

dispose /dump it  to 

Koshe Reppi 

open air burning & 

incineration  Using food 

leftover for dogs 

food 

Collecting by 

the SW 

associations 

Using food 

leftover for 

dogs food 

 dump it to nearby 

rivers & open areas 

Collecting by the 

SW associations 

Collecting by the 

SW associations 

Dump it at the  

municipality 

containers( Bins) 

Collecting by the 

SW associations 

Dump it at 

the  

municipality 

containers                     

( bins) 

Dump it at the  

municipality 

containers         

( bins) 

Dump it at the 

municipality 

containers / bins    

Collecting by 

the SW 

associations 

Sale   Sale Temporary  

storage at 

own store & 

dispose Reppi 

Use it as fuel 

reuse & recycle   

 Dump it to nearby 

rivers & open 

areas 

Open air 

burning 

open air burning & 

incineration        Sale 

 

Bakers Shops Schools Offices 

Urban 

agriculture 

Collecting by the 

SW associations 

Collecting by the 

SW associations 

Collecting by the 

SW associations 

Collecting by 

the SW 

associations 

 Reuse 

Dump it at the  

municipality 

containers( Bins) Sale 

Dump it at the 

municipality 

containers( Bins) 

Dump it at the 

municipality 

containers 

Open Air Burning 

Dump it at the  

municipality 

containers( Bins) Open air burning 

Open air 

burning Composting 

open air burning 

Bury it in a pit 

within the 

compound 

Bury it in a pit 

within the 

compound 

Dump it at an 

open land 

 Dump it to nearby 

rivers & open 

areas 

 Dump it to nearby 

rivers & open areas 

Dump it to Nearby 

Rivers & Open 

areas 

 Dump it to 

nearby rivers 

& open areas 

 Dump it to 

nearby rivers 

& open areas 

  Reuse       
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Cont. Appendix ΙΙΙΙ 

 

 

AppendixΙΙΙΙΙΙΙΙ: Solid waste storage and collection facilities in the sub city 

Cleansing 
managem
ent office 
owned 

Kebele  
0 1 

 
0 2 

 
03/05 

 
06/08 

 
09/14 

 
10/18 

 
11 

 
12/13 

 
15 

 
16/17 

Tot
al 

No. of bins 5 6 11 19 17 14 13 11 8 9 113 

Bins 
collection 
schedule 

2 / 
wk 

2 / 
wk 

2 / 
wk 

2 / 
wk 

2 / 
wk 

2 / 
wk 

2 / 
wk 

2 / 
wk 

2 / 
wk 

2 / 
wk 

  

Legal 
waste 

associatio
ns 

Number           
(No.) 

4 10 9 7 7 3 3 4 7 3 57 

No. of hand 
push carts 

6 7 1 0 8 4 3 3 28 15 75 

 

 

 

  

 

 

 

 

 

 

Garage Residences Stationeries 
Construction 
& Demolition  

Dump it at the  municipality 
containers   ( bins) 

Collecting by the 
SW associations 

Dump it at the 
municipality 

containers bins 

Dump it to 
nearby rivers & 

open areas 

 Dump it to nearby rivers & open 
areas 

 Dump it to 
nearby rivers & 

open areas 

Reuse & recycling 

Dump it at the 
municipality 

containers( bins) 
Collecting by the SW 

associations Use it as fuel 

Collecting by the SW associations Open air burning Open air burning 
Open air 
burning 

Sale   Use it as fuel Sale & reuse 

Open Air Burning 

  
  

 Dump it to nearby 
rivers & open 

areas 

Transport it to 
old quarry sites 

& refill it 
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 AppendixΙΙΙΙΙΙΙΙΙΙΙΙ: Rivers, quarries, and green areas in the sub city 

Kebele 
Rivers within the 
Kebele Quarries Within the Kebele 

Land Under the Mandate & 
Management of AAEPA 

1 

No. Name No. Name No. Name 
Area 
(Ha) 

3 Borga 10 Ato Mesay Tsegai 5 Lebu Hills 45.5 

  

          Kersa 24.2 

      Ato Derege Negash   Dertu 234.97 

  Jama   Ato Baeru Kiflae   Hanna Mariam 72.11 

      Other 7 Illegal ( Unnamed )    Seriti 215.97 

2 2 Jama 1 Surround Jara Park 1 Reppi 106.5 

    Small Akaki           

 03/05 1 Small Akaki 0   1 
 Surround 

Gedo Cave  64.2 

                

 06/08 1 Mechanisa 6 In front of Dana School 2 Jemo area 5.13 

        Surround Industry village   kera area 20.94 

        
In front of Kebele 08 Recreation 

area       

        
Surround the Kebele 08 market 

area        

        Seboka meskelae quarry       

        Gaega Village area       

  09/14 1 Jaja 1 Old Kebele 56 area 1 Jaja River area 32.41 

 10/18 1 Small Akaki 3  Stone Mill Quarry 1 
Small Akaki 

River 26.97 

        Yenat Quarry       

        Black Quarry       
11               

 12/13 1 Kebena     1 Bulbula 36.77 

15     1 South Lafto Quarry 1 Lafto  66.85 

 16/17 3 Small Akaki 1 Around Dafa River Quarry      
    Chefie area           

    Dafa area            

Total 13   23   13   952.52 
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Appendix ΙΙΙΙv: Total number of SW sources in the sub city  

Industries 
Medical 

Institutions 
Commercial 

Sectors Institutions Kebele Population 

Type No. Type No. Type No. Type No. K01 34167 

Tin sheet 9 Pharmacy 48 Shops 1162 
Gov. 
Offices 33 K02 34832 

          259 NGOs 71 K03/05 37636 

Textile 21     Hotels   Shops K06/08 43624 

Food Factory 3 
Health 
Centers 10 Butcheries 59 

Private 
Offices 196 K09/14 36217 

Beverage  6 
Veterinary 
Clinic 4 

Bars / 
Café 89 

Private. 
Schools  170 K10/18 44632 

Rubber Boots 5 

Veterinary 
Drugs 
Shops 4 Bakers 161 

Gov. 
Schools 13 K11 17301 

Plastic 7 
Government 
Clinic 2 Garage 412 

Public 
Schools 3 K12/13 29207 

Pharmaceuticals 1 
Private 
Clinic 35 Stationary 154     K15 24077 

Diary products 1   Urban Agriculture 75 K16/17 40050 

Foam 1   Construction &Demolition 102     

Paraffin Hair oil 1   Residences (Households) 72345     

Electronics  1                 

Aluminum 2                 

Office and 
House Furniture 5                 

Steel 10                 
Glass 2                 

Cement 
Products 3                 

Total 78   103   2296   486   341743 

 Note: SW is Solid Waste   
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Appendix v: Recycling waste materials 

 

A Lady wearing Bag and Hat, made of wastes 

 

 

    Lady’s wearing Bags out of solid wastes (employment creation) 
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       Appendix VΙΙΙΙ: Data collection sheet 

No. Source/ 
Generator 

Type 

Name Address List of solid waste 
Generated 
(Names) 

Weight 
in 

Kg/gm. 

      
      
      

 

       Sample NO.____________________________________ 

 

       Kebele NO. _______________________________________ 

 

       Date and time_______________________________________ 

 

       Data collector’s name _______________________________ 
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Appendix VΙΙΙΙΙΙΙΙ: Survey interview questions  

 

Part 1:  Source identification and basic information 

1. Solid waste source/ generator name, address, and telephone number. 

2. Interviewee name, telephone number. 

3. Family size or how many employees are there?  

 

Part 2: Solid waste generation and disposal 

1. How much solid wastes are generated on daily and annual basis? 

2. How is each type of waste disposed of? 

3. How much does it cost the dispose of waste? 

 
Part 3: Waste management 

1. ARE ANY SOLID WASTES REUSED on-site? If yes, what types of waste, 

     and how much? If no, why not? 

2.  If answered ‘yes’ to question 1. Has the generator saved money through 

    waste reuse on-site? If yes, how much? 

3. Are any solid wastes reused off-site? If yes, what types of waste are     

     involved? If no, why not? 

4. Are any solid waste recycled on-site? If yes, what types of waste and how 

    much? If no, why not? 

5. Does the generator allow waste pickers access to his wastes? If yes,  why? If 

     no, why not? 

6. What types of source reduction measures, if any, has the generator 

     implemented? If none, why have no measures been adopted? 

7. What motivated the generator to reduce, reuse or recycle its waste? 

 
 

 

 

Appendix VΙΙΙΙΙΙΙΙΙΙΙΙ: Survey questionnaires 

 

Part One Questionnaires  

 

1. What are the types or list of solid wastes considered as municipal waste? 

2. Is there any regulation on segregation at source for recyclable and hazardous 

     waste, those should be disposed off separately? 

3. What are the existing ways of hazardous waste disposal? 

4. What are the existing procedures for the segregation of recyclable solid waste 

      and collection of the disposal wastes? 
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5. Is there any special procedure for any special type of municipal waste 

     management (e.g. rigid plastic, packaging containers, glass containers)? 

6. Quantity and type of hazardous solid waste separately for each solid waste stream 

     /Source. In short list of hazardous solid wastes under hazardous solid waste 

     classification. 

7. List of material types with reference to various waste streams (solid waste 

     generators). 

8. What are the current regulations and demarcation of various solid waste streams 

     including municipal, non- municipal, hazardous and non- hazardous. 

9. Size and number of industries and commercial undertakings as per national or 

     city classification. 

10. Population size and growth: time series data with future projections, distribution 

      of population among various kebeles or sub-cities number of single family and 

       multi- family buildings and average size of inhabitants. 

11. List of solid waste sectors or streams. 

12. What are the existing solid waste disposal patterns? 

13. Total Amount of solid waste that is disposed or brought to landfill site per day. 

      In short the tonnage brought for disposal within one day. 

14. Portion or ratio of disposed tonnage that corresponds to each sector or 

      generator. 

15. The annual tonnage of all waste disposed at the facility/ land fill. 

16. Data for various types of solid wastes on dry- basis for the elements carbon, 

      hydrogen, oxygen, nitrogen, sulphur,and ash content. 

17. List of moisture content of various types of solid waste generated. 

18. List of or categories or type of solid wastes that are not eligible for using them 

      as fuel or energy recovery by regulation. 

19. Time- series data showing overall trends or showing trends in each or for each 

      type of materials and also indicating future projections. 

20. What proportion of the total solid waste generated can be or is reuse, recycled, 

     composted, energy recovery, disposed, incinerated (both in ratio/ percentage and 

    in tone). 

21. What proportion of the total solid waste generated is hazardous, non-hazardous 

     organic and non- organic. 

   

 

 

Part Two Questionnaires 

1. What is the current total amount (tones) of municipal solid waste generated in the 

     sub city / city? 

2. What is the annual increase of the municipal solid waste or solid waste generated in 

     Percent? 

3. What percent of the municipalities available budget is spend on solid waste 

     management? 

4. What percent of all the Sub city / City solid waste remain uncollected? 

5. What percent of the Sub city / City population is served? 
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6. What percent of the total municipal solid waste management budget is consumed by 

     collection? 

7. What are the available, enforcements and impact of regulations and economic tools 

     in solid waste management? 

8. What are the institutional frame work, resources and jurisdictions for current 

     institutions? 

9. What is the level of efficiency and effectiveness of the current collection, transport, 

     treatment and disposal systems including technologies of solid wastes? 

10. Mention specific role of each stakeholder at different levels of solid waste 

     management chain. 

11. In your opinion what are the challenges and opportunities to improve solid waste 

     management? 

12. List of policies for solid waste management (Laws / Acts, Regulations/ Standards, 

    Economic institutions, Enforcement). 

13. List of all institutions currently responsible at any level of the solid waste 

     management chain and the role or mandate of each institution and institutional 

     framework, human resources and sources for financing their activities. 

14. What are the important financing tools for the government to finance solid waste 

     management? 

15. What are the current technological interventions within solid waste chain (such as 

    primary collection and transfer stations, transportation, treatment, final disposal 

     recycling and recovering)? 

16. What efforts are being exercised or planned to increase the extent of source 

    reduction, recycling / resource recovery programs and procurement of products with 

    recovered materials (use of recovered materials)? 

17. Are their any tangible evidences that show the progress to fully integrate the waste 

    management system, particularly purchasing of recycled content products or 

    Affirmative procurement to stimulate markets for recycled goods (recyclable 

    markets). In short it closes the circle on recycling by incorporating Affirmative 

    procurement into contracting purchasing? 

18. What alternatives or new or contingency plans, for future consideration do you have 

   to improve the current solid waste management? 

19. Did / will recycle pay or cost the municipality? 

20. How can we motivate personnel and waste generators to implement source 

     reduction? 

21. Which recyclables should be included in recycling program? 

 

22. What systematic changes must be made to follow Affirmative procurement 

      guidelines (use of recovered materials) recycling and conversion of waste to 

      energy? 

23. What are the existing decision– making tools in solid waste management? 

24. Explain the structure and responsibilities and tasks assigned to each for the effective 

     execution of the solid waste programs. 

25. Describe current solid waste practices in detail and programs as well as future 

      plans. 
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26. Is there any environmentally preferable purchasing system (EPP) developed for the 

     City / Nation. In other words any procurement system or effort made to make aware 

     of all concerned and relevant stakeholders to follow the environmentally preferable 

      buying practices? 

27. What are the identified list of solid waste materials that are recycled in Sub city / 

      City and the mechanism through which they are recycled? 

28. Describe if there is any state permit / operational requirements for recycling and 

     composting and discuss how they are implemented and monitored? 

29. Describe if there is educational and promotional programs associated with recycling 

     and composting. Is there any Sub city or City Municipal Solid Waste Composting 

     Digestor, and is there any Municipal Solid Waste processing Center (Recycling, 

      Recovering etc.)? 

31. Describe and list the types, sizes, quantities and locations of solid waste containers 

32. Explain the collection schedules for solid waste. 

33. Describe the equipments and personnel associated with the solid waste service. 

34. Explain the procedures for closing, cleaning and marinating the containers. And 

      describe the inspection program if the responsibility lies with a contractor. 

35. Describe the mechanism for evaluating whether containers are the right size and 

     whether wastes are collected at appropriate frequencies. Examples are performing 

     routine inspection of containers just prior to waste pickups, or requiring the waste 

     hauler to record any problems with waste storage. 

36. Describe the recordkeeping procedures associated with solid waste collection 

. 

Part 3 Questionnaires 

Description of Addis Ababa City Landfill 

  

1. Describe the size in hectare, slope of the site and ground-water conditions. 

2. Landfill Location: A map showing the location of the Landfill, reference the Grid 

    coordinates road intersections or other Identifying information.  

3. Permit status. Describe type of Landfill permit, permit number, administrating 

     agency, expiration date. 

4. Current disposal rate and capacity. Indicate number of tons received each month, 

      number of cells or trenches (full and remaining), and projected life expectancy,  

5. 10 and 20 year disposal rates. Compare the difference in the land fill life expectancy, 

     based on current versus proposed lower disposal rates. 

6. Types of Wastes accepted / excluded. List of waste types that are accepted and 

     excluded from the landfill. 

7. Landfill operation and Environmental control. Describe the Landfill operation by 

     indicating how the city/ sub city complies with national requirements. 

 

7.1. Excluding the receipt of hazardous wastes. Describe the procedures for random 

inspections, recordkeeping, and training of Landfill personnel to recognize potential 

hazardous wastes. 

7.2. Cover material. Describe the cover procedure 

 7.3. Disease vector control methods. 
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7.4. Explosive gases control. Indicate if there is any gas venting or monitoring    

              system in place. 

7.5. Air release control. Indicate if any open burning is conducted and explain the 

              permitting procedure associated with this activity. 

7.6. Access Control. Indicate how the municipality/ city control public access to the 

              site (fencing, manned guard house etc.). 

7.7. Run-on / Run-off control. 

7.8. Recordkeeping requirements. Explain the recordkeeping that is performed 

            relative to management of the land fill. 

7.9. Utilities. Indicate whether the site is serviced with water, electric, rest rooms, 

             etc. 

7.10. Ground-water monitoring and corrective action. Describe the ground water 

                sampling and analysis program, statistical analysis of results and the 

               detection/ assessment monitoring plan as required by the standard. 

   

8. Closure / Post Closure. Indicate whether the municipality has a Landfill Closure and 

    Post Closure care plan that addresses final cover, operation of leachate collection 

     system and ground-water / methane monitoring.  

9. New Landfills and lateral expansions. If new Landfill or lateral expansions are 

    approved, briefly describe the plans and indicate conformance with the design 

     criteria in the federal regulations. 

10. Percentage of waste stream. What is the percentage of the Municipality waste 

     stream currently being disposed of in the Landfill and on-post sanitation? 

11. Describe both current and future planned solid waste management equipments and 

     facilities you have. 

12. Did you think appropriateness of technologies to be used in the city / country is 

      fully assed and the technologies are adopted based on the norm and experience of 

      the city or/ nation.  

13. What are the causes for the public health, environmental and management 

      problems, which constrain the development of effective solid waste management 

      systems? They can be categorized into technical financial institutional, economic 

      and social constraints 

14. What are the unconventional Solid Waste Sources that are dumped or disposed to 

      the Land fill?  

 

 

 

 

Part 4 Questionnaires  

1.Total amount of MSW currently generated per day at sub city level in tons ------------ 

city level in tons -------------- annually sub city tons -------------- annually city tons ------

------ and annual increase since the year `1999 G.C sub city --------- %, city -------- %. 

2. Further estimated that between 2009 and 22011 sub cities and city generation of 

municipal waste will rise by --------- % and -------- % respectively, equivalent to 

roughly ------- % and ------- % increase per year. 
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3. Addis Ababa city and Nifas-Silk Lafto sub city industrial facilities generate and 

dispose of approximate-------- tons and ------ tons respectively of non hazardous 

industrial solid waste each year.  

4. The city and sub city estimated that its 10 sub cities or 10 kebeles produce ------- tons 

and tons --------- respectively of agricultural waste annually. 

5. The city and sub city municipalities spend ------- % and ---------- % respectively of 

their available budget on solid waste management. 

6. ----------% and ----------- % of all the city and sub city solid waste respectively 

remain uncollected. 

7. ---------- % and --------- % of city and sub city population respectively is served. 

8. Collection alone drains up to ---------% of municipal SWM budget. 

9. Time series data and projections of city and sub city total solid waste quantities 

generated for the years 1999 to 2009.  

10. Time series data and projections for each waste sector/source in the city / sub city 

Example Residential 

Year Unit Organic Inorganic Total 

1999 Tons    

2000     

2001     

2002     

2003     

2004     

2005     

2006     

2007     

2008     

2009     

11. Time series data for each type of industry on the trends for waste generation and 

composition for the years 1999 to 2009.  

12. Time series data and projections of city and sub city total solid waste quantities 

collected for the years 1999 to 2009, and average quantity collection per day. 

13. Composition of city/ Sub city’s solid waste Organic ------- % and Inorganic ------- 

%. 

14. List of components of city / sub city solid waste by %. Such as food leftover ------ 

%,     Plastic ----- %, paper------- %, yard waste -------- %, dust and ash ------- %, Offal 

and carcass ------- %, etc. 

15. The average population density in the city/ sub city is about ------------- persons per 

km
2
 

 

PART 5 Questionnaires 

Key economic indicators for Addis Ababa and Ethiopia 

Note: please mention reference year of exchange rate of birr per1$ US 

1. The average population density in the city/ sub city is about ------------- persons per 

km
2
 

2. Households with a prevalent lack of adequate food as a % age of total population ----

--% in the city -------- % in the sub city. 



 91

3. Households living at poverty level (< 1 US$ / day) is ------- % in the city and ------- 

% in the sub city.  

4. Per capita income is ------- US$ or --------- Birr in the year 2009 in the city. 

5. The rate of unemployment of the total population of the city is ------- % and that of 

the sub city is ------ %. 

6. What is the cities annual economic growth, from ----- % in year 1999, to ------ % in 

the year 2005, to an estimate of -------- % for ------ year 2010? 

7.  Did life expectancy in city rising or decline. ---------------------------------------------. 

8. life expectancy in the 1995’s was --------- years and ----- years for males and females 

respectively, while in 2009 or 2010 the figures had raised / declined to ------ and ----- 

respectively. 

9. What are the major reasons for the rise or decline of life expectancy in the city or sub 

city? 
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