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ABSTRACT 
 

The basic foundation and the initial step of designing and developing an effective waste 

management system is implemented through quantification and characterization of the 

waste generated. To have accurate quantification and characterization, data such as the 

type of solid waste generated, its characteristics, composition, seasonal variations, and 

the source of the waste have to be assessed and gathered. 

 

The samples that had been studied were made to be very large to make the samples more 

representative. The sampling system employed in this study was stratified sampling 

technique. 

 

All educational centers (schools) were grouped to Primary schools, Secondary schools, 

and Colleges. Samples that represent the population were drawn from each group by 

simple randomization from each of the groups. Characterization of the waste for each 

sampled school was done manually by hand sorting. 

 

The result of the study showed that the total solid waste generated from schools in the sub 

city is 215Kg by weight and 2395.8lit.by volume per day respectively. The density of the 

waste was 89.5Kg/m3. The mean total solid waste generation rate of the schools is 2.6Kg 

by weight and 28889.63Cm3(28.9lit.). 

 

The physical composition analysis manifested that the composition of paper took the 

lion’s share of 85% by weight and 94.2% by volume respectively. The second was food 

waste which was 5.5% by weight and 4%by volume respectively.  

 

From the result of the study all of the schools reuse materials like wood and metal to 

maintain their blackboards, desks, etc. 83% of them burn their waste at the pre-prepared 

holes while 88% of them use to store and accumulate their waste temporarily with basket 

and open field before burning. 

 



 viii  

Based on the findings of the study, the potential of recyclability of the waste from the 

schools is undoubtedly enormous. Therefore a city wide network of isolating and 

collecting the paper at the schools’ level is very essential. The bureau of Education 

should connect the schools with the recycling factories so that a better waste management 

is possible. 
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Introduction 

1.1 Back ground and justification 

Waste is unavoidable byproduct of human activities. Economic development, 

urbanization and improving living standards in cities, have led to an increase in the 

quantity and complexity of generated waste. Rapid growth of population and 

industrialization degrades the urban environment and places serious stress on natural 

resources, which undermines the quality of the immediate surroundings, and degradation 

of the environment in most cities of the developing world. Municipalities of the 

developing countries are not able to handle properly the increasing quantities of waste, 

which results in uncollected waste on roads and in other public places (WHO, 1996).  

 Many cities in Africa, dealing with the environmental costs of rapid growth and 

urbanization represents a phenomenal change. This is particularly true in the area of solid 

waste management. While cities are generating an ever-increasing volume of waste, the 

effectiveness of their solid waste collection and disposal systems are declining. In urban 

centers throughout African region, less than half of the solid waste produced is collected, 

and 95 percent of that amount is either indiscriminately thrown away at various dumping 

sites on the periphery of urban centers, or at a number of so-called temporary sites, 

typically empty lots scattered throughout the city (Mohammed, 2003). 

Solid waste means any garbage, refuse, sludge and other discarded solid materials, 

including solid wastes resulting from industrial, commercial, and agricultural operations, 

and from many 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 waste water effluents, dissolved materials in irrigation 

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

PART 243,1995). 

The insufficient handling of solid waste represents a source of water, land and air 

pollution affecting the urban environment and the health of the people living in the cities 

and is one of the most critical environmental problems that cities in Africa are facing 

today. The current capacity of most solid waste management systems in Africa is 
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inadequate and too slow to meet the increasing demand of the solid waste generated 

(Bjerkli, 2005). 

In most of the developing countries like Ethiopia, the increasing amount of solid waste 

generation resulted from rapid urbanization and population booming. Like wise, the 

quantity of waste generated in Addis Ababa is increasing because of rapid population 

growth and urbanization. This has outpaced the financial and manpower resources of 

municipalities to deal with the provision and management of services of solid waste 

(AASBPDA, 2003). 

Inadequate solid waste management in Addis Ababa has resulted in the accumulation of 

waste on open lands, in drains and in the living areas causing a nuisance and a foul –

smelling pools, environmental pollution through leachate from piles( water and soil 

pollution) and burning of waste (air pollution),clogging of drains, and the possible spread 

of diseases. This situation is believed to result in poor environmental conditions which in 

turn pose a formidable threat to health. There is, thus a need for improved waste 

management system of the city, Addis Ababa. 

Data on the composition, volume and weight of solid waste generated and collected in 

Addis Ababa is limited. Very limited surveys and studies have been carried out in early 

1980s and mid 1990s by Nur consultancy with the support of Louis Berger Company. 

Another study was also conducted by Addis Ababa University and the French mission 

and the estimates of waste generated per capita per day varies in volume from 0.4 to 1.23 

lit/capita/day, in weight from 0.11 to 0.25kg/capita/day and in density from 205 to 

370kg/m3 (MAA, 2002;Yami Birke, 1999). In other studies the daily waste generation is 

estimated to be 0.25kg/capita/day (AASBPDA, 2003). 

Addis Ababa city council has recognized six major sources of solid waste; house holds, 

street, commercial and institutional firms, industries, hotels and hospitals. 

According to the data for 1993 households took the lion share of solid waste generated in 

the city. From the total solid waste generated in the city, household took 71%, street 10%, 

institutions and commercial centers 9%, industries 6% hotels 3% and hospitals 1 %           

(AAHB, 1997). 
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Institutional solid wastes are wastes that originate from hospitals, governmental offices, 

prisons and from schools. In addition to commercial solid waste generated by commercial 

centers, institutional wastes include the hazardous materials from health care 

establishments such as discarded syringes, needles, chemical wastes like formaldehyde 

and phenols in disinfectants and mercury in thermometer and solid pressure gauges 

(UNEP, 1999). 

The base of successful planning for a municipal solid waste management system is 

reliable information about the generation rate and the composition of waste being 

generated in each source. The generation and composition of waste determines the 

decisions for appropriate management system. It is thus a prerequisite for solid waste 

program mangers to have detailed information about the composition and generation of 

solid waste to set appropriate management plan. 

Since there is no any study conducted on educational institutions (schools) solid waste 

management in Addis Ababa in general and in Kolfe keranyo sub-city in particular, this 

study can contribute by providing baseline information for further study. 

Therefore, this study is aimed at conducting on the quantity and physical composition 

analysis of solid waste generated by schools (educational centers) in Kolfe-keranyo sub- 

city which will have importance in providing some relevant information that is basic to 

design and set appropriate solid waste management systems. 
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1.2 Specific and General Objectives  

1.2.1 GENERAL OBJECTIVE 

The main purpose of this study is to determine and examine the educational centers’ 

(schools) solid waste and the status of its management existing in Schools of Kolfe-

keranyo sub city. 

1.2.2 SPECIFIC OBGECTIVES   
 
1. To determine schools’ (educational centers) solid waste generation rate per day.   

2. Quantification and the physical composition analysis of solid waste generated by the 

     schools.                                    

3.   To evaluate the status of the prevailing solid waste management   in schools 

      of kolfe subcity and to suggest baseline  information for the development of better 

      solid waste management system.   
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2. REVIEW OF RELATED LITERATURE  

   2.1. Solid Waste and its sources 
 

Solid waste comprises all the wastes arising from human and animal activities that are 

normally solid and that are discarded as useless or unwanted (Tchobanoglous et al; 

1977). According to Addis Ababa health bureau, solid waste is the general term used to 

describe non-liquid waste materials arising from various social and economic activities in 

a human setting. Similarly, Addis Ababa municipality operational health regulation 

(Legal Notice 1/1989 E.C) states solid waste as anything discarded as public sweepings, 

food remains, vegetable, ash, grass, metal, plastic, paper, dead animals and other 

materials that pose environmental health risks. 

According to the city government of Addis Ababa Sanitation, Beautification and Parks 

Development Agency (AASBPDA, 2003); the sources of solid waste are: house holds 

76%, institutional /Commercial, factories, hotels and health centers, 18% and 6% from 

street sweeping. Another study states that from the total waste generated in the city, 71% 

by households 10% street, 6% industries, 9% commercial centers and institutions, 3% 

hotels and 1% hospitals (Tadesse kuma, 2004). The sources and types of solid wastes are 

described in Table 1 according to “Urban Development Sector unit East Asia and Pacific 

Region (1999).               

The table below describes the eight major categories of solid waste generators. They are 

classified according to their source, type of solid waste generated and the kind of process 

from which these wastes solid wastes are generated.   
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Table 1: Sources and Type of solid waste 

 

 

Source: Urban Development Sector unit East Asia and Pacific Region (1999).                

What a Waste: Solid Waste Management in Asia. 

    

Source Typical waste generation  Type of solid wastes 
Residential Single and multi family 

dwelling 
Food wastes, paper, cardboard, 
plastics, textiles, leather, yard 
wastes, wood, glass, metals, ashes, 
special wastes (e.g., bulky items, 
consumer electronics, white goods, 
batteries, oil, tires), and household 
hazardous wastes. 

Industrial Light and Heavy 
manufacturing, fabrication, 
construction sites, power 
and chemical plants. 

Housekeeping wastes, packaging, 
food wastes, construction and 
demolition materials, hazardous 
wastes, ashes, and special wastes. 

Commercial Stores, hotels restaurants, 
markets, office buildings, 
etc 

Paper, cardboard, plastics wood 
food, waste glass metals, special 
wastes hazardous wastes. 

Institutional Schools, hospitals, prisons, 
government centers. 

Same as commercial 

Construction and demolition New construction sites, 
road repair, renovation 
sites, demolition of 
buildings 

Wood steel concrete and dirt, etc. 

Municipal services Street cleaning, 
landscaping, parks, 
beaches, other recreational 
areas, water and waste 
water treatment plants 

Street sweepings, landscape and tree 
trimmings; general waste from 
parks, beaches, and other 
recreational areas; sludge. 

Process Heavy and light 
manufacturing, refineries, 
chemical plants, power 
plants, mineral and 
extraction processing 

Industrial process waste, scrap 
materials, off-specification 
products, slog, tailings. 

All the above should be included as “municipal solid waste” 
Agriculture Crops, orchards, vineyards, 

dairies, feedlots, farms 
Spoiled food wastes, agricultural 
wastes, hazardous wastes (e.g., 
pesticides) 
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2.2 Solid waste generation  

Waste generation encompasses activities in which materials are identified as no longer 

being of values and either thrown away or gather together for disposal. It is an activity 

that is not very controllable. Uncontrolled or illegally dumped wastes are the obvious 

cause of the degradation of the environment and also cause adverse effect for human 

health. 

Cities in the world are facing a high level of pollution; the situation in developing 

countries is more acute, partly caused by inadequate provision of basic services like water 

supply, sanitation facilities, transport infrastructure and waste collection (UNCHS 

Habitat, 2001). Thus, there is a need to work towards a sustainable waste management 

system, which requires environmental, institutional, financial, economic and social 

sustainability. 

Municipal solid waste management is part of public health and sanitation and is entrusted 

to the municipal government for execution. Presently, the systems are assuming larger 

importance due to population explosion in municipal areas, legal intervention, and 

emergence of newer technologies and rising public awareness towards cleanliness 

(Kumar, 2005). 

Like in many developing cities a rapid population growth and high rural- urban migration 

poses many environmental challenges for Addis Ababa city. One of these is dry waste 

management.  

The current daily waste generation of the city is 2,297 m3 or 851 tones. From the total 

solid waste generated per day, only 65% (1482m3) is collected, 5% composted and 5% 

recycled. The rest of the solid waste, i.e. 25% is dumped on open sites, drainage 

channels, and rivers and on the streets (AASBPDA, 2003). By the same agency, the main 

problems of SWM in Addis Ababa is summarized as: the poor socio-economic status of 

the population, the inaccessibility of most parts of the city due to poor geographical and 

urban structure, lack of properly designed collection route system and time schedule, 

containers are not properly collected and emptied when full, varying topography and lack 

of proper road network, lack of public awareness, insufficient funds, lack of proper truck 
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maintenance, lack of private sector involvement and lack of promotion on waste 

reduction, recycling and composting. 

According to Chandana, K.et al., (2005), the common causes for poor waste management 

services are the lack of appropriate government policy and legislation, lack of political 

will and public commitment, in adequate technical expertise, insufficient financial 

resources or inappropriate allocation of available resources, and unavailability of suitable 

lands for waste disposal sites. 

2.3 Composition of Solid waste  

The composition of municipal solid waste stream is important for designing material 

recovery facilities and developing other waste minimization programs. Successful 

characterization depends on obtaining representative samples of the collected solid waste 

and making statistically precise and accurate estimates of component weights (Zeng et 

al., 2005). Knowing the quantity and type of solid waste generated is important to 

examine various treatment options (Tsakona, et al., 2006).  

Waste composition is influenced by external factors such as geographical location, the 

population’s standard of living, energy source, and weather. Generally, all low-income 

countries have a high percentage of compostable organic matter in the urban waste 

stream, ranging from 40-85 percent of the total. Packaging wastes, such as paper, plastic, 

and glass will become more predominant in the waste stream as the economies increase 

and the population becomes more urbanized (UDEPA, 1999). 

As countries become more urbanized, their waste composition change. The substantial 

increase in use of paper and paper packaging is probably the most obvious change. The 

other significant change is a much higher proportion of plastics and consumer products 

and their packaging materials. More newspapers and magazines, more packaged foods 

and mass produced products are all the causes and bring with it more waste, of higher 

volume making waste more expensive to collect and a related rise in the amount of litter. 
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Table 2: A comparison of waste generated in Addis Ababa with cities in different 
countries. 
 

Generation per capita per day Country/ City 
Lt. Kg 

Density Kg /m3 

UK 6.4 0.845 132 
Middle east 4.7 1.0 211 
Moscow 1.37 0.548 400 
New York 18 1.8 100 
Humbug 5.6 0.85 150 
Rome 4.6 0.69 150 
Singapore 4.9 0.87 175 
Jakarta 3.0 0.6 200 
Kampala 1.78 0.8 450 
American cities 1.0 1.0-2.0 100-150 
Addis Ababa 0.45 0.15 370(mixed waste) 
Asian cities 0.73 0.415 570 
Indian cities 1.12 0.4-0.5 350-500 
Developing countries - -  300-500 
Cairo, Egypt 1.5 0.5 330 
Kano, Nigeria 1.8 0.46 250 
Lahore, Pakistan 1.0 0.5 500 
Calcutta 1.0 0.51 500 

Source:  Addis Ababa Administration Health Bureau (1997).     

Cities of developing countries generate high content of biodegradable matter and inert 

material, which results in high waste density (weight to volume ratio) and high moisture 

content. These physical characteristics significantly influence the feasibility of certain 

treatment options. Vehicles and systems operating well with low- density wastes such as 

in industrialized countries will not be suitable or reliable under such conditions. 

Additionally to the extra weight, abrasiveness of the inert material such as sand and 

stones, and the corrosiveness caused by the high water content, may cause rapid 

deterioration of equipment. Wastes with a high water or inert content will have low 

calorific value and thus also not be suitable for incineration (Zurbrugg, 2003). 

Typical components of most solid wastes are food waste, paper, plastics, textiles, 

cardboard, yard wastes, wood, leather, rubber, metals, glass, ashes, dirty, etc 

(Tchobanoglous, 1977). 
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2.4 Solid waste Collection 

The term collection includes not only the gathering up of solid wastes from the various 

sources, but also the hauling of these wastes to the location where the contents of the 

collection vehicles are emptied (Tchobanoglous, 1993). The use of the concept of 

appropriateness of technology and equipment means a deliberate use of criteria for 

choosing which technology or equipment is suitable for a given set of circumstances. 

There are three basic types of collection equipment: 1) Engine powered 2) Human 

powered and 3) Animal powered (AAHB, 2002). 

There are three modes of collection systems under the current Addis Ababa situation 

namely: 

1. Door-to-Door collection  

2. Block or Institutional collection service 

3. Communal container system 

The collection and transportation system of the municipality is the inefficient part of the 

services due to the lack of spare parts, inefficient maintenance and lack of spare trucks 

(Fikru Tesema, 2001). 

2.5 Waste disposal  

Disposal as the last functional element is the last option in the solid waste management 

system and the ultimate fate of all waste that is of no further value and use to the society. 

The safe and reliable long-term disposal of solid waste residues is an important 

component of integrated waste management (Tchobanoglous et al., 1977). 

The use of landfills as a method of waste management is widely practiced all over the 

world; as such, landfill sites must be carefully selected, as it is a critical step in waste 

disposal. If improperly conducted, the overall efficiency of the waste management system 

is affected negatively as a result of generated leachate as well as landfill gas (LFG), 

which is a powerful greenhouse gas and thus results in a transfer of pollution. 

Uncontrolled landfill gas migration from the site cannot only damage the global 

environment but can also negatively impact human health and pollute the local 
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environment. Thus, globally, there is an increasing awareness of environmental planning 

and management ( Kofoworola, 2006). 

It is possible through reduction, reusing, recycling and incineration of municipal solid 

wastes to significantly reduce the amount of wastes that need to be land filled. It is not 

possible to totally eliminate the land burial of municipal solid wastes. Ultimately, 

something must be done with wastes that are of no further use. These wastes need to be 

land filled. 

The current situation in Addis Ababa is the utilization of one landfill disposal site where 

all the collected waste is disposed off and has been giving service since 1968. 

 

 

 

 

 

 

 

Plate 1:  Landfill site of Addis Ababa (Rappi) 

The site is known as “Rappi” or “Koshe” which is situated at the southwest part of the 

Addis Ababa in the sub-city of kolfe- keranyo.  At the time of its establishment, the site 

was 13 km away from the center of the city. Anaerobic decomposition of organic solid 

waste produces landfill gas (LFG), which constitutes methane, carbon dioxide, and toxic 

gases. This is true of the Addis Ababa landfill site where the gases generated from the 

site sets the waste on fire and the toxic liquid produced from the site contaminates the 

surface and ground water (Hassen, 1998). Even though detail studies were not conducted 

the gas produced can be methane since it has fire of explosive nature and the liquid part is 

leachate, which escapes from the landfill due to the failure of the piping system. Studies 
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show that this system can clog up in short period due to mud, silt, and chemical attacks. 

The danger from the site in the case of Addis Ababa is high, since the city has been 

expanding and developing towards the present landfill site, and it is now in the proper 

urban area surrounded by institutions, residential houses and schools (Yami, 1999). 

 Land filling is necessary for municipal solid waste disposal but every landfill has its own 

finite capacity. The most common approach to extending the life of landfill is to 

introduce recycling composting and incineration into the solid waste disposal system 

(Chang and Nishat, 2005). 

Hence, the city council is planning to rehabilitate the existing landfill and an action to 

build one new landfill site at eastern part of the city is being implemented. Encouraging a 

greater participation in primary waste collection by micro and small enterprises as well as 

the participation of NGOs and CBOs is also under way (AASBPDA, 2003). 

2.6 Alternative solid waste Management Options 

2.6.1 Recovery and Recycling  

In developing cities recyclable waste materials are often collected at the source or in 

waste bins by scavengers and reusable waste collectors patrolling different residential 

areas. Recycling is often viewed as a resource conservation activity and it may also offer 

a greater return for many products in energy savings, (Yuan et al., 2006). 

Waste recycling is an interesting approach to achieve an efficient integrated manner of 

managing municipal solid waste. According to kofoworola (2006), although recycling 

and resource recovery exists only for paper, plastics, glass and metals have market values 

in Lagos. These are separated from waste either at the source or at landfill sites by 

scavengers and then sold to the market. 

In many low- income Asian countries, recycling and recovery is usually conducted by the 

informal sector on all levels of the waste management stream. Such work is done in a 

very labor intensive and unsafe way, and for very low incomes. The situation in 

industrialized countries is very different, since resource recovery is undertaken by the 

formal sector, driven by law and a general public concern for the environment, and often 

at considerable expense (Zurbrugg (2003). 
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According to Zurbrugg (2003), in Philippines, the role of the informal sector in waste 

management has hardly been recognized by the authorities in the past. Often municipal 

authorities were used to hinder such recycling activities.  Nowadays, the importance of 

recycling in reducing waste volume and recovering resources and its economic benefit is 

being acknowledged. 

Recycling is a better alternative to either dumping or burning wastes and saves money, 

energy, raw materials and land spaces. In spite of these facts, recycling practices and their 

importance are discouraged by the society at large, by the municipal services and by 

other local authorities in Addis Ababa (ENDA, 1999). 

2.6.2 Composting  

The second means of recapturing value of MSW is through the use of the natural 

biodegradation process. Composting is an excellent method of recycling biodegradable 

waste from an ecological point of view. Putrescible waste, which constitutes a large 

proportion of municipal solid waste, can be converted to organic fertilizer or soil 

conditioner by composting (Kofoworola, 2006). 

Composting is the second preferred method of solid waste disposal in Asia (Von 

Einsiedel, 2001). Composting helps to reduce waste going into landfill. When the organic 

fractions removed from the waste stream, the resulting leachate is of low strength 

(Vidanaarachci et al., 2006). 

According to AASBPDA (2003), sorting of compostable out of the waste stream is 

practiced but only by small minority of the households and other waste generating 

sources. Some community-based intervention on composting has been done by some 

NGOs like ENDA. 

2.6.3 Incineration 

Incineration (mass burning) is the term used to describe the combustion of wastes. 

Incineration reduces the volume of the refuse by up to 90%. Incineration reduces the 

combustible waste to inert residue by burning at high temperature (900-1000oc). The 

residue (ash) and the non-combustible are eventually disposed of by landfill.     
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2.6.4 Integrated Solid Waste Management 
 

There is no single right way to manage municipal wastes responsibly as described by 

Tchobanoglous et al. (1977). Integrated waste management, or IWM, is a tool to 

determine the most energy efficient, least polluting ways to deal with the various 

components and items of a community’s solid waste stream. Therefore Integrated Solid 

Waste Management (ISWM) is a comprehensive waste prevention, by recycling, 

composting and disposal program in ways that most effectively protect human health and 

the environment.  

 

ISWM involves evaluating local needs and conditions, and then selecting and combining 

the most appropriate waste management activities for those conditions. Each activity such 

as waste prevention, recycling, composting etc, requires careful planning, financing, 

collection and transport of solid waste. Life cycle assessment (LCA) which is used to 

assess the environmental impacts of products from cradle to grave, has to be applied for 

evaluation of waste starts when a material is discarded in to the waste stream and ends 

when the waste material has either been converted in to a resource (such as recycled 

material or recovered energy) or, when it has been finally disposed. 
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3. METHODOLOGY AND MATERIALS 
 

3.1 Description of the study area  
 

Kolfe Keranyo is one of the sub cities of Addis Ababa and is located at the western part 

of the city with polar coordinates of (459999.00, 989326.00) to (469125.80, 989326.00) 

Easting and (459999.00, 1004148.98) to (469125.80, 1004148.980 northing .Addis 

Ababa has a total area of 540k m2 or 54,000hectare. Kolfe Keranyo sub city has an area 

of 65 km2and is the third largest sub city (AAAMPSS, 2004). The altitude of the city of 

Addis Ababa, Kolfe Keranyo sub city is between 2300-2500 m a.s.l.. The highest and the 

lowest annual average temperatures are 10oC and 25 oC (EMA, 1982). According to the 

unpublished material from the Environmental Protection bureau of the subcity , two-third 

of the area  was covered by forest before 15 years. Nowadays, it is only 1334 that is 

covered with forest due to enormous construction of residential houses. Due to these, 

extensive deforestation is common.    
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3.2 Sample size determination 

This Preliminary study has exclusively focused on centers (Schools and Colleges) and 

excluded wastes from prisons, government offices, and hospitals. Further more, it also 

excluded wastes from residential, commercial, agricultural and industrial and processing 

firms. 

Institutional solid wastes are solid wastes generated by health care, prisons, educational 

centers (Schools) and other institutional facilities (U.S. Code of Federal Regulations – 

CFR PART 243, 1995). Similarly, institutional solid wastes are wastes that originate 

from schools, government offices, prisons and hospitals (UNEP, 1999). 

There are 83 educational institutes (schools and colleges) in Kolfe-keranyo sub-city, 

according to the information extracted from the database of the Bureau of Education of 

the sub city in Oct 2007. 

By taking into consideration the similarities of the educational institutes in their activities 

(teaching- learning process), all the 83 institutes were stratified or grouped in to three (3) 

strata. After defining the three groups or strata, all the institutional units (Primary 

schools, Secondary schools and Colleges), their corresponding percentage proportion was 

determined as presented in Table 3.1. 

Table3.1:  Stratified or Grouped Educational Institutes 
 
Category Total No in 

the sub city 

Percentage Proportion  % Sample size 

Primary School (1-8)       (A) 62 75 31 

Secondary School (9-12)  (B) 15 18 8 

Colleges                            (C) 6 7 3 

Total  83 100 42 

For this study, stratified random sampling was selected. This method of sampling is 

economically desirable if the population to be sampled can be divided into relatively 

homogeneous sub-divisions or strata. This technique of sampling was applied due to the 

variability of the nature of the population under investigation. 
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By this statistical sampling technique, the heterogeneous unit was divided in to non-

overlapping groups so that each group was relatively homogeneous internally. Hence, the 

variability in each group was less than the variability observed over the entire population. 

The value of each stratum or group was determined based on its respective proportional 

percentage. In proportional allocation, the sampling effort in each stratum is directional 

allocation to the size of the stratum. Finally, random sampling technique was conducted 

with in each stratum as presented in Table 3.1. 

According to SENES (1999), CIWMB (1990), and USEPA (2002), the minimum number 

of samples to be collected must be determined based on the level of precision that is 

desired in the results. The other input in the determination of the number of samples was 

the variability of the results between samples. Where the variability may not be known, 

estimates of the variability can be used from literature surveys, pilot studies, previous 

waste composition studies or waste composition studies completed in other jurisdictions. 

According to SENES (1999), CIWMB (1990) and USEPA (2002), the number of samples 

required to achieve the precision objective can be calculated using the equation: 

              n=  ( za /2) 
2 (s )2 

                        E2 
Where:  
  n = the number of samples 

  z = the z-statistic for the desired confidence level 

  s = Standard deviation of the population (from previous studies or studies in other  

        comparable countries) 

  E= allowable error or the precision requirement (one half of the range of the  

        confidence interval). 

A key assumption to use this sample size equation is that the need of some prior estimate 

of the total study error, measured as the population standard deviation (� ) or population 

variance s 2
. It was impossible to determine the standard deviation of the population due 

to the unavailability of data from previous studies. There fore, standard deviation of the 

population determined from a preliminary study in Botswana, 0.143 (Bolaane and Ali, 
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2004), and the standard deviation of the population from U.S.A 0.1632 (CIWMB, 1990), 

were used. 

Defining a 95% confidence interval and 5% allowable error chosen as the reliability, 

standard deviation of (s=0.143) from Botswana and (s=0.1632) from U.S.A, the required 

number of samples was calculated.  

n 1= (1.96)2 x (0.143)2   = 31.4 = 32 

(0.05) 2 

             n2= (1.96)2x(0.1632)2     = 40.93 = 41 

(0.05)2 

nav = n1,+n2 = 36.5 = 37 
                                                                   2 

 Therefore, the minimum numbers of samples to be collected were determined to be 37, 

the average of n1 and n2. 

However, 42 educational units out of the total of 83 educational centers in the sub city 

were taken as sample units for the present study by adding 5 institutional units to equalize 

to the sample size determined based on the proportional allocation or percentage 

proportion as summarized in Table 3.1. 

               3.3   Identification of educational centers for sampling 

To select and identify representative samples of educational units for each category, 

random numbers were assigned. After assigning numbers to each institutional unit in 

each category, simple random sampling technique was executed for each group 

separately. Eventually, out of the 83 educational institutes in the sub city, 42 were 

identified.  

After the identification of educational units to be sampled, communication with the heads 

of the units commenced, and they were made to be convinced about the study and 

questionnaires were also distributed to be filled. 
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                  3.4 Preparation of the Sorting Area 

The sorting area was open and half - walled house. The open house has a smooth 

concrete floor, sufficient lighting in addition to being very well ventilated. The sorting 

area and its premises were open to protect the team from bad and offensive odor. The 

sorting area was easily accessible by hand pushcarts used by the laborers to collect and 

transport the waste samples.      

 

                           Plate 2: open house sorting area 

 The necessary preparation performed in the sorting area (open house) for the analysis 

was: - 

�  14 transparent (colorless) plastic bags were labeled with codes and signs 

corresponding to each of the primary waste categories. 

�  The plastic bags were weighed and recorded 

�  Equipments, hand gloves and the sorting tables of wire mesh and balances were 

laid out according to ease and safety. 

       3.5 Collection and sorting of educational institutes waste  

Each of the selected educational centers were provided with three or more plastic bags for 

their daily solid waste generation based on the amount of waste they used to generate by 

consulting the concerned body. 
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As shown in plate 3, the solid waste was put in the provided plastic bag that was labeled 

having a size of 1m by 60 cm with the respective institution’s name. The marking and 

labeling of the plastic bags was designed to avoid confusion. This also allowed the waste 

to be assigned to a specific sacks with their solid wastes collected from each identified 

institutes and transported to the analysis site by daily laborers employed for this purpose. 

 

   

 

 

 

 

Plate 3: Collection of wastes                             Plate 4: Sorting of wastes  

The sampling program was extended over eight consecutive days. A waste collected on 

the first day was discarded, as it might have been the accumulation of many days. Wastes 

collected from the second to the eighth day represent one week's solid waste production. 

The waste was collected each morning for sorting and weighing at the sorting house as 

shown in plate 4. 

The collected waste was first weighed to obtain the weight of waste for each educational 

center. Weighing was carried out three times and an average value was taken. This 

procedure has been followed throughout the study period. 

The waste was sorted into 14 plastic sacks according to the predetermined primary 

components of paper, plastics, glass, food, metal, rubber, textile, wood, yard, potentially 

hazardous wastes, special waste, electronic wastes and in organic particles. After sorting 

the oversized material, the wire mesh was shaken to ensure that every thing below 50mm 

and 10mm had fallen through. The material that passed through the wire mesh (in tails), 

which had fallen to the floor, was collected, and its weight and volume was measured. 
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Periodically, during the analysis the 14 plastic bags were weighed and then emptied. The 

bags were weighed (thrice as before) to record the amount of waste sorted in each 

predetermined categories.  

Since solid waste density was needed as part of the study, the volume of the waste was 

measured and recorded just by shaking back and forth as well as by lift and drop the 

wood bucket container five to seven times to allow the waste to settle. Finally, the 

fourteen plastic bags were emptied in to disposal facilities prepared. These processes 

were continued until all the wastes were analyzed. 

          3.6 Statistical Data Analysis 

SPSS 15 (Statistical Package for Social Science) was used for the analysis of educational 

institutes solid waste generation and composition data. Questionnaires were also 

summarized as per the required condition. The average value of educational institutes 

solid waste generation rate by weight, volume, per educational unit and per student were 

calculated for the pre categorized groups of primary schools, secondary schools and 

colleges. 

           3.7. Materials and Instruments 

To carry out the analysis, hand push cart, hand gloves, large scales capable of weighing 

up to 100 kg and smaller scales for detailed analysis, wood containers with 11.895m3, 

4.13075 m3, 139.968 m3, 94.392 m3 for volume measurement, three 1m2 wire mesh 

sieves with mesh aperture size of 50 mm and 10 mm to separate wastes less than 10 mm 

size, 10mm thick blue plastic sheet to cover the floor, plastic bags for collection and 

sorting of wastes, digital cameras and thrash bags for collection of the already processed 

wastes were used. 

            3.8 Limitation of the Study 

    Kolfe -Keranyo sub city is the third (3rd) largest sub city next to Akaki-Kality and Bole 

sub-cities. It has an area of 6500 hectares (65 km2), six times the size of Arada sub city. It 

is located at the western part of the city. It is peri urban and an expansion area. Due to the 

spatial distribution of the schools over the whole area (in each kebele) the same was true 

of the sample schools selected for the sorting site.      
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The other problem was the unwillingness of some educational centers to give answer for 

the entire questionnaire due attentively and it took them many days. The other limitation 

that may affect the result of the study is the dumping of waste in to the tributaries of 

Akaki River by students of the peri urban area schools since it could not be measured. 

Most of the schools in the peri urban areas are fenceless and we faced hardship in 

isolating and keeping intact the waste generated by the schools from that of the 

surrounding dwellers. 
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4. RESULTS AND DISCUSSION 

4.1 Solid waste generation rate by weight and volum e 

 

During the study, the mean daily solid waste generation rate by weight and volume of 

forty two samples of institutions (educational centers) was directly measured for 7 

consecutive days and the mean of the seven day for forty two samples were taken and 

summarized in Table 4 .1  

In the study period, the daily waste collected from each institution was transported to the 

sorting house. Weighing was carried out thrice and an average value was recorded. 

Volume of the waste was also measured and an average of the three measures was 

recorded daily on the data sheet. The procedure continues until the end of the seven 

working days of the institutions.  

 At the end of the seventh day, the mean of the total institutions in each group was 

calculated and recorded. Hence, the mean value of both weight and volume of the three 

groups was calculated and recorded independently; that is the seven days mean value of 

31 Primary Schools,8 Secondary Schools and 3 Colleges was recorded. After tabulating 

the mean values of each group, the mean of means of each category or group was 

calculated in table 4.1. All the above analyses and investigations were carried out for 

seven consecutive days starting from Nov.13, 2008. 
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Table4.1: Mean weights and volume of the primary, secondary school and Colleges   

 
 

Note: Primary School (A) = Grades 1-8, Secondary School (B) = Grades 9-12 and 
College (C) =    higher learning institution 
 
 
 
 
 

Institution Primary school 
Secondary school 
 College  

Total 
mean wt 

Total mean 
vol.  

Waste 
generated  Wt (kg) vol.(cm3) wt(kg) 

vol. 
(cm3 ) kg cm3 Wt (kg) vol.(cm3) 

  2.11 6081.9 2.366 54279 0.19 6281.6     
  1.22 2705.4 3.4 10540 0.611 1108     
  2.7 21038 3.33 10220 0.71 1341.6     
  3.32 11813 2.98 57340         
  3.32 53279 3.03 12344         
  3.47 10407 2.7 21033         
  2.9 25003 3.66 40736         
  1.9 10247 4.1 40536         
  3.01 30450             
  3.7 40736             
  3.4 44610             
  2.2 6166.3             
  4.7 44809             
  2.67 5989             
  2.9 11273             
  3.1 30091             
  1.4 34292             
  2.8 1719.4             
  2.4 57389             
  2.4 57389             
  3.1 90513             
  1.9 13189             
  2.45 58784             
  2.47 74598             
  2.3 61818             
  2.99 2611             
  2 5978             
  2.38 62813             
  1.98 10450             
  2.5 19123             
  2.32 52240             

Total  82.01 957605 25.566 247028 1.511 8731.2 109.087 1213364.2 
Sample  size 31 31 8 8 3 3 42 42 
mean  2.645 30890.5 3.20 30878.5 0.50 2910 2.597 28889.624 
Grand mean  2.645  0.031m3 3.20  0.03m3 0.50  0.003m3 2.597 0.03m3 
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4.2.   Solid waste generation rate by Weight  
 

Total solid waste generation rate by weight per attendant per day per institutional 

(educational) center in Kolfe Keranyo Sub City. 

   Table4.2. 1: Institutional solid waste generations in kolfe Keranyo Sub City per 
institutional (educational) center and per attendant/student. 
 
Group Total no of 

institutions in 

Kolfe keranyo 

Sub City in each 

group 

Average no of 

Attendants 

(student+ staff ) 

Mean weight of 

solid waste 

generation per 

day per 

educational 

center  in Kg 

Mean weight of 

solid waste 

generation per 

day per attendant 

in Kg 

Total solid 

waste 

generation per 

day  in  kg 

A  (1-8) 62 1055.39 2.64 0.0025 163.68 

B  (9-12) 15 878.53 3.19 0.0036 47.85 

 C Colleges 6 494 0.5 0.001 3 

Total 83 809.30 2.59 0.001 214.53 

 

As shown in Table 4.2.1.  The mean daily solid waste generation per institution per day 

in colleges and primary schools is less than that of secondary schools (group B) 

population, whereas the mean weight of solid waste generation per day per institution is 

higher in secondary school population (3.19kg) than that of primary and colleges 

population which is 2.64kg and 0.5kg respectively.  The results collected from the 

selected institutions were analyzed using ANOVA (analysis of variance) and the results 

so obtained are indicated in the ANOVA table below . 

 
Table4.2. 2: The Analysis of variance (ANOVA) of mean generation rate by weight. 
 

Source of 
variation 

Sum of 
square 

df Mean 
square 

F-
calculated 

Sig F-tabulated 
(5%) 

Between 
groups 

16.08 2 8.04 18.33 0.00 3.23 

With in 
the group 

17.11 39 0.44    

Total 33.2 41     
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 The analysis of variance in Table 4.2.2 has shown that there is a significant mean 

difference (P< 0.01) between the three types of learning institutions in their waste 

generation rate.  

 

 F-calculated is greater than F- tabulated at �  = 0.05. This shows that there is a significant 

difference between the groups mean weight of waste generation. The difference might be 

created due to the different nature of the institutions under investigation. Colleges have 

generated the smallest amount of waste and this may be due to either small number of 

students and staffs or their better resource utilization and better solid waste management 

practices as compared to primary and secondary school students (since college students 

use less waste generating devices such as CDs, Flash, Floppy discs and laptops). 

 
Table4.2. 3:    Mean and standard deviation rate by weight  
 
 

95% C.I for 
mean Group  No,  Mean S.d S.E 

Lower 
Bound 

Upper 
Bound 

Minimum Maximum 

Primary 
(A) 

31 2.65 0.70 0.13 2.39 2.90 1.22 4.70 

Secondary 
(B) 

8 3.19 0.55 0.19 2.74 3.65 2.37 4.10 

College 
(C) 

3 0.50 0.28 0.16 -0.18 1.18 .19 0.71 

 
Total 

 
42 

 
2.62 

 
2.01 

 
0.31 

 
2.31 

 
2.88 

 
0.19 

 
4.70 
 

 

 The analysis for the 42 sampled institutions at 95% confidence interval level   showed 

that an average waste generation rate in kilogram is 2.62kg as shown in table 4.2.3. The 

standard deviations of the total samples as shown in the table is 2.01.The highest standard 

deviation is observed in primary school (0.70), and this could be due to the sample size in 

primary schools which is very high (31) and the large number of students in primary 

schools.  The least standard deviation is observed in college (0.28) whose sample size is 

very small (3).  The presence of small standard deviation in college (0.28) shows that the 

deviation of individual value from the mean in college is very low. Similarly, the 

presence of high standard deviation in primary schools (0.70) shows that the deviation of 

individual value from the mean in primary school is very high. 
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Figure 1: The mean solid waste generation rate by weight of each category  
 

  
Table4.2. 4:   The Least Significant Difference (LSD) Generation Rate by Weight  
  

 Treatment (I ) Treatment (J )    m. diff(I-J)   S. E Sig. 
B -0.5503* 0.2627 0.043 A 
C 2.1418* 0.4005 0.000 
A 0.5503* 0.2627 0.043 B 
C 2.6921* 0.4485 0.000 
A -2.1418* 0.4005 0.000 C 
B -2.6921* 0.4485 0.000 

 
* The mean difference is significant at the .05 level. 

 
Table 4.2.4 showed that there is significant mean difference between the groups’ mean of 

primary and secondary school, and primary school and college. The mean difference 

between primary and secondary schools is negative. This indicated that the mean 

generation rate of primary school is lower than that of secondary school: on the other 

hand the mean difference between primary and college is positive, which is due to the 

fact that the mean generation rate of primary schools is higher than that of the colleges. 

As indicated in the methodology the total number of educational institutions in kolfe 

keranyo sub city is 83. The total mean weight of solid waste generation per day per 

educational institution is 2.59kg. By multiplying the total mean solid waste generation 

per day per educational institutions with the total number of educational institutions in 

the sub city, the overall solid waste generation by weight per day from the educational 

institutions becomes 214.53kg.  
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4.3. Solid waste generation rate by Volume 
 
Table 4.3.1 is extracted from Table 4.1 in order to measure mean volume of solid waste 

generation per day per student in cm3, and the total volume of solid waste generation per 

day. 

 
Table 4.3. 1: Total solid waste generation rate per student per day per institutional 
center in kolfe keranyo Sub City. 
 

Group Total no of 

institutions 

in K.K  Sub 

City in each 

group 

Average no of 

Attendant (student 

+Staff) 

Mean volume of 

solid waste 

generation per 

day per 

educational 

center in cm3 

Mean volume 

of solid waste 

generation per 

day per 

attendant in 

cm3 

Total solid 

waste 

generation 

per day 

in cm3 

Primary A  62 1055.39 30890.4 29.27 1915204.8 

Secondary B 15 878.53 30878.5 35.15 463177.5 

Colleges C 6 494 2910.4 5.89 17462.4 

Total 83 809.30 28889.63 35.69 2395844.7 

 

As shown in Table 4.3.1.  The total mean volume of solid waste generation per day per 

educational center is 0.03m3. The mean volume of solid waste generation per day per 

attendant of primary, secondary, and college is 29.27, 35.15, and 5.89 respectively. The 

mean volume of solid waste generation per day per educational center of primary and 

secondary is almost similar (0.031 m3 and .030 m3). This similarity might be due to the 

proximity of the average number of students and staff members. 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 



 29 

 
Table 4.3 2: Analysis of variance (ANOVA) for volume 
  

Source of 
Variation 

Sum of Squares df Mean Square   F-     
calculated 

    Sig.    F-Tabulated 

Between 
Groups 

2180511907.79 2 1090255953.89 1.995 0.150   3.15 

Within 
Groups 

21316105822.20 39 546566815.95   

Total 23496617729.99 41   

 

Analysis of the data of unequal mean generation rate by volume of different groups of 

educational center is presented in Table 4.3.2.The result shows that there is no significant 

mean variation with in the groups than between the groups. 

 

As shown in Table 4.3.2, F - calculated is less than F - tabulated at 5% significant level. 

This implies that there is no significant difference between the groups mean volume of 

solid waste generation in educational centers.  
 

Table 4.3. 3: Mean and standard deviation of generation rate of volume. 
 

95% Confidence Interval 
for Mean 

Group  N Mean 
  

Sd.   S. E 
  

Lower 
Bound 

Upper Bound 

Minimum 
  

Maximum 
  

A 31 30890.48 24886.34 4469.72 21762.09 40018.87 1719.40 90513.00 

B 8 30878.50 19709.03 6968.19 14401.33 47355.66 10220.00 57340.00 

C 3 2910.40 2921.88 1686.94 -4347.95 10168.75 1108.00 6281.60 

Total 42 28889.62 23939.26 3693.90 21429.62 36349.62 1108.00 90513.00 

 

As shown in Table 4.3.3 at 95% confident level interval the standard deviations of 

primary, secondary and college is 24886.34, 19709.03 and 2921.88 respectively. The 

least standard deviation is observed in college. This would be ascribed to the sample size 

of college, which is very small (3). 
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Table 4.3. 4: the least significant difference (LSD) for volume 
 

95% C.I Treatment (I) Treatment (J) M Diff (I-J) S. E Sig. 

Lower Bound Upper 
Bound 

A B 11.98 9271.03 0.999 -18740.44 18764.41 
 C 27980.08 14135.77 0.055 -612.21 56572.38 

B A -11.98 9271.03 0.999 -18764.41 18740.44 
 C 27968.10 15827.50 0.085 -4046.04 59982.24 

C A -27980.08 14135.77 0.055 -56572.38 612.21 
 B -27968.10 15827.50 0.085 -59982.24 4046.047 

·  The mean difference is significant at the .05 levels. 
 

As shown in table 4.3.4 there is no significant difference in the mean volume of solid 

waste generation between primary, secondary and colleges. This implies that all of them 

generate comparable amount of solid waste that are not significantly different 

statistically. 

  
As shown in Table 4.3.4 the analysis at 95% confidence interval, the mean volume solid 

waste generation per day from total sample is 2395844.7 cm3. And also in Table 4.3.3 the 

mean volume of solid waste generation per day per educational centres is 28889.63 cm3 

and the mean volume of solid waste generation per day per student is 35.69 cm3.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 2: Mean Solid Waste Generation Rate by Volume of each category 
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4.4. Physical composition 
 
Table 4.4. 1: Institutional solid waste physical composition of kolfe keraniyo –sub 
city. 
 

Type 
 

% by volume 
 

% by weight 
 

Paper 94.22 84.86 
Plastic 0.88 1.50 
Glass 0.0037 0.25 
 Metal 0.01 0.70 
Food waste 3.98 5.5 
Textile/leather 0.021 .50 
Rubber 0.012 0.24 
Wood 0.14 2.00 
Yard waste 0.72 3.00 
Inorganic 0.0057 1.00 
Electronics 0.0054 0.0073 
Special waste 0.0033 0.60 
Total 100 100 
<50mm   

 

From the Table 4.4.1 .it can be seen that the highest portion by weight is paper (84. 86%) 

followed by food waste (5.5%), yard waste (3.0%), plastics (1.5%), and inorganic (1.%). 

Similarly, if we compare the collected waste composition in terms of volume, paper has 

(94.22%) followed by food waste (3.98%), yard waste (0.72%) and plastics (0.88%). 

 

According to unpublished data from Addis Ababa city trade and industry bureau, there 

are three paper recycling companies/ industries so called Wonji pulp and paper factory, 

Argoba soft paper factory and Bezalem paper factory.  

 

These factories are currently buying a kilo of paper around two birr and fifty cents. This 

study manifested that the educational centers in Kolfe Keranyo Sub City generate 215 kg 

of paper every day. When we convert the amount of paper into money 215.kg x 2.5 Birr 

equal to 538.38 Birr. When we consider the whole Sub City in Addis Ababa, the whole 

institutions lose a considerable amount of money around five thousand birr every day 

from educational centers. 

 

According to the findings of this study: 

·  The total weight of waste generated from the schools is 215 kg/day 
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·  Total mean generation of waste generated per center is 2.6 kg/day 

·  The total volume of waste generated from schools is 2.4m3/day 

·  Density of the solid waste generated in the schools of the sub-city is 89.5 kg/m3 

4.5 Waste handling and storage at sources 
 
 Beside the qualitative data, the study tried to gather information on the current status of 

waste handling and storage at sources. During the survey; prepared questionnaire were 

distributed for the sampled educational centers. And different people from same 

organization were asked the same questions. The responses are summarized in Table 

4.5.1. 

                           Table 4.5.1:Type of solid waste storage 
 
 

Type of storage No of educational centers (frequency) Percentage 

Basket and open field 37 88 

 Container 5 12 

Basket bin 42 100 
Total 42  

 

As shown in Table4.5.1 all the educational centers stored the solid waste temporarily in 

the basket bin, eighty eight percent of the educational centers use basket for temporary 

storage and open field for storage of the waste for burning purpose. This implies that 

there is no well-established storage system in educational centers in the Sub City. Only 

12% of the educational centers use containers for storage purpose until the municipality 

unloads the containers. One typical example is shown in plate 4.  
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      Plate 5: Temporary storage container 
 

In the similar survey various people from the institutions were asked which institutional 

solid waste is reused. The responses are summarized in Table 4.5.2. 

 
 Table 4.5.2: Reuse of different materials in the institution of Kolfe keranyo sub city 
 

Type of solid waste No of educational 
centers (frequency) 

Percentage 

Desk (wood& metal)  42 100 
Wood boards 9 21 

Computer 
accessory 

14 33 

No reuse at all 6 14 

Total 42  

As indicated in Table 4.5.2, all the educational centers in the Sub City reuse wood and 

metal pieces for maintaining furniture like desks. Twenty one percent of the educational 

centers recycle the wood boards for maintaining different materials. Thirty three percent 

of the educational centers have the potential to use recyclable materials from computers. 

Only fourteen percent of the educational centers in the Sub Cities don’t practices 

utilization of recyclable materials.  
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Table 4.5.3:  Incineration and their correspondent frequency. 
    
 

Incineration system  No of  
Responses 

Percentage 

Incineration with prepared place 35 83%   

Incineration with out prepared place 5 12% 

No Incineration practice 2 5% 

Total 42  

 

 The selected respondents from each institutions were interviewed whether their 

organizations have practiced incineration or not, and if there is incineration, is it practiced 

at secured place or not. As shown in Table 4.5.3 from the respondents, eighty three 

percent respond yes there is incineration at secured place. However, they consider the 

secured place mean prepared holes with out any external lid coverage during incineration. 

This practice was shown in plate 6. 

      

               

    
 
 
 
 
 
 

 

 
   Plate 6: Collected waste in the incineration hole 
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4.6 Field observation 
 

During collecting primary and secondary information, some of physical observations, 

which can reinforce the study, were included.  Most of the educational centers do not 

give much attention to store the waste on the storage containers; they simply throw the 

waste indiscriminately on the open spaces which is shown in plate 7. As shown in plate 8, 

some of the educational centers have the access for storage containers although   the 

wastes are spread on the field. This situation exposes the waste for fire and can cause 

damage for the campus and result in poor aesthetic environment.  

 

 

 

 

 

 

 

 

 
 
 
 
 
 
Plate 7:  Over flowing waste                                Plate 8: Dumping waste to incineration hole    
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Plate 8:   
 
 
 Plate 8; Sorting  collected  waste                                         Plate 9: Coding and labeling              
  

 

 

 

 

Plate 9: Sorting collected waste          Plate 10:  coding and labeling plastic bags  

 

�

�
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Plate 11: Weighing and recording                              Plate 12: Volume measuring wooden boxes  �

�

�

�

�
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5. Conclusion and Recommendations 
�

 Based On the findings and of this study the following conclusion and recommendations 

are made:       

                                                                                                                                                      
5.1 Conclusion 
The total volume of solid waste generated from educational centers in the sub city is 

2,397,839.3 cm3 (2397.84 lit) and 215 Kg by weight.  

Paper has the largest proportion of the solid waste by weight and volume from the 

schools in the sub city followed by food and yard waste. This observation gives the idea 

that there is a high potential for recyclable and compostable solid waste. This shows that 

if recycling and composting are to be implemented, the problem of solid waste from 

schools could be resolved significantly instead of burning in an open field. 

 

The educational centers in the sub city generate 183 kg of paper (85%) of the total, which 

can be recycled. There are four pulp and paper factories that are used to recycle paper; 

wonji, Argoba, Bezalem and ETHARSO. These factories used to buy a kilo paper for birr 

2.50. Hence sorting of paper at the source of generation could generate money besides to 

reducing the amount of waste significantly. 

 

The study also showed that 88% the educational centers use basket and open field for 

temporary storage of waste prepared for burning. This implies that the schools used to 

burn their solid waste to avoid it from their surrounding by implementing poor waste 

management practice. 

 

All of the educational centers (schools) in the sub city utilize and reuse broken metals and 

wood for the maintenance purpose of black boards and desks. This justifies that there is a 

good practice of reusing woods & metals.    

Eighty three percent of the educational centers incinerate their waste at what they call 

“Secured Place”. These pre-prepared holes are without coverage (lid) and environmental 

pollution like smoke and soot are common. There is also a high risk of propagation of fire 

and incidence of damage to both human and the environment due to such unsafe 

incineration practice. 
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5.2 Recommendation 
 

�  The Addis Ababa city Administration Education Bureau should institute a 

citywide network of paper collection program which is to be driven by policy on the 

basis of the current structural organization of educational centers (school) so that 

effective isolation of paper would be done at the school level. If such kind of program 

is implemented it would result in isolating 85% by weight and 94% by volume of paper 

from the total waste generated by schools.    

�  The reduction of waste at the school level provides raw materials for recycling 

factories that demand low energy for their processing, saves the rate of the virgin raw 

material consumption rate besides to keeping the environment clean.  

�  The bureau of education should promote the concept of reusing, recycling and 

other alternative waste management systems to schools so that they may develop better 

waste management practice to keep the health of themselves, the society and the 

environment in general. 

�  All the stake holders: the municipality, the bureau of education and the schools in 

the city should promote and accelerate the isolation and sorting program of the waste 

especially paper at the source and create link with the recycling companies that are 

currently functional in the city. 

�

�

�

�

�

�

�

�

�

�

�

�
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     ANNEXES 

   ANNEX 1: The English version of the questionnaire  
 

 Questionnaire: - Institutional (Educational centers) Solid Waste Collection  

    Name of Educational Center ______________________________________ 
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      Address: - Sub city ________________ Kebele___________ 

                 Phone No.________________Status of the Center: ____________             

         Primary School _____________________________________________ 1- 8   �   
    Secondary School  ___________________________________________  9 - 12 �    

College_________________________________________________  �  
1. Total number of staff members of the institution /School/ ___________________ 

2. Total number of students in all Shifts.___________________________________ 

3. Total number of printers, photocopiers and /or duplicating machines __________ 

4. What are the common & major components of the solid waste generated in your 

firm?  ____________________________________________________________ 

5. If any other, name it _________________________________________________ 

      5.   Do you reuse your waste?       Yes   �   NO   �  
      If yes, which type & for what purpose  _________________________________ 

             Type: ____________________________________________________________                 

           Purpose: ___________________________________________________________ 

6.   Do you have a trend of separating and selling your wastes?  Yes   �   NO   �  
   If yes, which type of waste? __________________________________________ 

      For whom do you sell your waste?______________________________________ 

      For what purpose does your customer use it?______________________________     

 

      For what purpose do you use the money from the sell of the waste? 

_____________________________________________________________________  

7. Where do you keep your daily- generated wasted wastes temporarily? 

__________________________________________________________________

__________________________________________________________________ 

8. Do you burn your institutional solid wastes?    yes    �   No  �  
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If yes which type of waste?   

__________________________________________________________________

Have you prepared a secured place for this purpose?       Yes     �       No  �   

9. How far is the disposal site or container from your firm 

institution/?________________________________________________________

__________________________________________________________________

________ 

10. Who is responsible for the disposal of the collected solid wastes at the disposal 

site? 

_______________________________________________________________ 

Why   ? _________________________________________________________ 

11. Is there any governmental and/or non-governmental body that supervise or   

            monitor whether your institutional solid waste is properly collected & disposed at  

            the appropriate place or not ?          Yes    �    NO      �  
     If yes, who is that?  _____________________________________________ 

            and what   kind   of  measure is taken upon those who do not collect and dispose    

            their   institutional   solid waste properly ?  

          __________________________________________________________________ 

    12.  What would you   suggest as a better alternative for the collection and disposal of               

           your institutional solid   waste?      

________________________________________________________________________

________________________________________________________________________  

 

  

Annex 2: The Amharic version of the questionnaire  
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ANNEX 3: WASTE CHARACTERIZATION ANALYSIS DATA 
SHEET 
Name of Educational center______________________________________________________________ 

 Address_______________________________________________________________________________ 

Sampling date:__________________________________________________________________________ 

Group  code:___________________________________________________________________________ 

 Weight and volume of sample collected:________________________________________ 

 

No waste 
Categories  

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 

  W V W V W V W V W V W V W V W V 
1 

PAPER 
 

                

2 
PLASTIC 
 

                

3 
GLASS 
 

                

4 
METAL 

 

                

5 FOOD WASTE 

 

                

6 TEXTILES/LEA
THER 

 

                

7 RUBBER 
 

                

8 WOOD 

 

                

9 YARD WASTE 

 

                

10 
INORGANIC 
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11 
ELECTRONICS 
  

                

12 PHW                 

13 
SPECIAL 
WASTE 
 

                

14 
Less than 50mm 
size 
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                                                Annex 5; List of Sampled Institutions 

 
A) primary Schools 

 
1. Jemmo     Primary School 
2. Abune Basleous Primary School 
3. Bright Hope    Primary School 
4. Rappi     Primary School 
5. Karakore    Primary School  
6. New Hope    Primary School  
7. Woira     Primary School  
8. Keranyo     Primary School 
9. Selam Ber    Primary School 
10. Philipos    Primary School 
11. Efoita     Primary School 
12. Bisrat     Primary School 
13. Kale     Primary School 
14. Habtegiorgis    Primary School 
15. Addis Fanna    Primary School 
16. Yemanebirhan    Primary School 

 
 

17. Meseret Edget     Primary School 
18. Abeboch Fire      Primary School 
19. Ewiket Wogene  Primary School 
20. Berhan Ber     Primary School 
21. Gulele Fanna     Primary School 
22. Success     Primary School     
23. Alpha- Keranyo  Primary School 
24.  Hope Enterprise Primary School 
25. Atlas                    Primary School 
26. Asere Haymanot Primary School 
27. Abadir                 Primary School   
28. Beshewam           Primary School 
29. Bete-Fikir            Primary School 
30. Kokeb                  Primary School 
31. Awolia                 Primary School

 
 

            B) Secondary Schools 
 

1. Ayer Tena   Secondary School 
2. kolfe  Secondary School 
3. Kokeb  Secondary School 
4. Asco  Secondary School 
 

 
5. Alpha Keranyo Secondary School 
6. Abadir  Secondary School 
7. Awolia  Secondary School 
8. Millennium  Secondary School 

 
                                      
                                                     C) Colleges 

1. Kunuz   College 
2. Awolia  College 
3. Addis Ababa IT and Commerce 

College 
 

 
 

 
 
 
 


