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 Abstract 
 

Characterization of municipal solid wastes as well as projection of waste generation and 

disposal rates are needed to plan and implement disposal and recycling activities. The 

objectives of this study were to assess and determine the composition and generation rate 

of household solid waste along with determination of moisture content and calorific value 

in some components of the waste stream in Hawassa town.  

 

Samples have been randomly selected from various households and analyzed for the solid 

waste generation rate per capita and composition. Questionnaire survey has been carried 

out to collect data from inhabitants including solid waste collection frequency, access to 

communal bins for primary collection, waste reuse and recycling. The households 

surveyed were categorized in to low, medium and high income groups.  

 

Results of the survey showed that a substantial proportion consists of various putrescible 

materials (59.7%) with ash/dust or “fines” forming another significant proportion (31.3%), 

paper (2.7%), plastics(2%), miscellaneous(1.6%), textiles (1.1%), rubber (0.5%), metals 

mostly old cans and bottle corks (0.48%) and glass (0.46%) form only minor proportion 

of the total HHSW generated. The solid waste generation rate was 0.95 kg/cap/day for 

high income households while for low and medium income households the rates were 0.1 

and 0.36 kg/cap/day respectively. The over all average HHSW generation rate was 0.2 

kg/cap/day and the total quantity of HHSW has been estimated as 39.7 tones per day.  

 

The study also revealed that only 24 percent of households have access to regular waste 

collection services, energy recovery from the combustible fraction of the waste is feasible, 

the non compacted HHSW density is 342.36 kg/m3 .The waste needs to be sorted at the 

source as much as possible to reduce the amount that needs disposal, markets for recycled 

materials needs to be encouraged, waste dumped along roads, drainage channels and open 

spaces need to be cleaned.  
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1. INTRODUCTION  
1.1. Background of the Study  
The environmentally acceptable management of municipal solid waste has become a global 

challenge due to limited resources, ever increasing population and rapid urbanization world wide.  

Statistics shows that the world population reached 6 billion in 2001 with 46% of this population 

residing in urban area (Pokhrel and Viraraghavan, 2005). The same source indicated that the 

urban population in developed nations was 75% of the total population in those countries, where 

as the urban population in developing nations accounted for 40% of the total.  

 

The critical and most immediate problems facing developing country cities are the health 

impacts of urban pollution that derive from inadequate water, sanitation, drainage and solid 

waste services, poor urban and industrial waste management and air pollution, especially from 

particulates collectively doubled the “brown agenda”. This set of problems disproportionately 

affects the urban poor and takes a heavy toll on urban health and productivity (Bartone et al., 

1994). 

 

Currently developing countries generally show a remarkable high rate of urbanization. The rate 

urbanization in Africa is estimated at 3.5% per annum and this is the highest as compared to the 

average of 0.5 and 2.6 percent for developed and other developing regions respectively. This is 

also true of Ethiopia, where the projected rate of urban growth is 5.54% has estimated to be the 

highest amongst to the most developing countries of the world. However in spite of the rapid 

urban growth, there seems to be a mismatch in the way in which urban environmental issues are 

being managed. 

 

According to UN- Habitat studies (2000) urbanization rate in developing countries is very rapid, 

especially in sub- Saharan Africa countries with the growth rate of 5% per year. On the other 

hand the economic development of those countries is lower relative to the rate of urbanization. 

Hence, to cope with the challenges and fulfill the infrastructure demands of the residents is very 

difficult.  
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 Solid waste composition studies are essential to the proper management of waste for a variety of 

reasons, including the need to: (1) estimate material recovery potential; (2) identify sources of 

component generation; (3) facilitate design of processing equipment; (4) estimate physical, 

chemical and thermal properties of wastes; and, (5) maintain compliance with local, state and 

national regulations( Mccauley-Belly and Reinhart, 1997). The composition of the generated 

waste is extremely variable as a consequence of seasons, life style, demographic, geographic and 

local legistilation impacts. These variations make defining and measuring the composition of 

waste more difficult and at the same time more essential.  

 

The characterization of solid waste streams and the estimation of solid waste generation rates are 

critical data needed to seek alternative solutions to problems created by rising solid waste- 

disposal costs, increasing public opposition to new landfills and the growing interest in recycling. 

In Ethiopia, like developing countries, the increasing of solid waste generation is resulted from 

rapid urbanization and population booming. The amount of solid waste in Addis Ababa and other 

fast growing areas of the country has been increasing over time, largely attributed to rapid 

population growth rate. From the total solid waste released by the population in the city, about 

50-60% was collected and the rest was unattended (Dawit Walelign and Alebel Bayrau, 2003).  
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1.2. Problem statement and justification 
Hawassa town is situated at the Eastern shore of Lake Hawassa and located 275 km southwest of 

Addis Ababa and it is the capital city of southern nations, nationalities and people’s regional 

government (SNNPRG). The town is one of the country’s cities experiencing rapid urbanization 

rate. It is common to see people throw litter from cars or motor vehicles into streets while 

traveling and to see people in parks leave litter on park benches even though rubbish bins are 

available within the parks. Illegal disposal is common in the city. Piles of solid waste are often 

found along roads, in drainage channels and other open spaces. These have a serious impact on 

human health and environment since there is no comprehensive plan in the filed of SWM. Most 

of the time the only way to dispose of the waste is to find a place for dumping regardless of its 

ecological and socio- economic potentials. The amount, type and composition of the waste 

generated in the town are unknown. Therefore characterization of the waste stream to determine 

the waste composition and generation rate per capita per day and per household per day is 

important in planning, development and monitoring of waste management strategies 

 

                                
Open dumping of solid MSW at  

Hawassa Lake side.                                                                                   Open dumping of MSW at Hawassa                     

                                                                                                                                              airport side. 
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1.3 Scope of the study 

Municipal solid waste management encompasses all waste streams from various sources such as   

households, commercials, institutionals etc. It also comprises of all activities including waste 

generation rate and composition identification to waste collection, storage, transfer, waste 

processing, transportation, and disposal.  The scope of this study focuses only on the generation 

rate and composition analyses of households waste and to determine the calorific value and 

moisture content in some components from household wastes. 

 

1.3.1. General objective 

The general objective of the study is to enhance solid waste management of the town by 

generating information about household waste composition and generation rates. 

 

1.3.2. Specific objectives     

- To assess and identify the types and the composition of household wastes.  

- To identify the household solid waste generation rate of the town by assessing the volume 

and weight of the waste per capita per day. 

- To determine the calorific value and moisture content in some components from 

household wastes. 

- To evaluate the cost effectiveness of household solid waste composition analysis based 

on manual sorting approach 

- To recommend possible alternatives of waste management methods based on the 

characteristics of the waste. 
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2. LITERATURE REVIEW  

2.1. Solid Waste and its sources 

Cointreau (1982) has stated that the entire concept of waste is subject to the value judgment of 

the primary owner or potential consumer. Broadly, waste can exist in any of three forms namely, 

solid, liquid, and gases or in all of the three intermingled. In the specific case of solid waste, this 

can exist in either solid or semi-solid (i.e. sludge) forms. Solid waste refers to the leaves/twinges, 

food remnants, paper/cartons, textile materials, bones, ash/dust/ stones, dead animals, human and 

animal excreta, construction and demolishing debris, biomedical debris, household hardware 

(TVs, electrical appliances, furniture etc.) plastic materials, bottles and other glass, leather and 

such materials as are discarded as useless (Sha’Ato et al., 2007). These are generated by 

domestic, commercial, industrial, institutional, construction and demolition, municipal services, 

agricultural and mineral extraction activities and accumulates in streets and public places.  

 

2.2. Risks and problems associated with solid waste (Impacts on the environment 

and public Health).  

Environmental impacts of poor solid waste management lead to the deterioration of ground and 

surface water quality, as well as air and land pollution. The impact depends on the waste 

composition and disposal practices. The traditional landfill practice produces various land fill 

gases such as methane, Carbon dioxide, carbon monoxide, nitrogen, hydrogen sulfide and 

ammonia. The percentage of green house gases (methane and carbon dioxide. 40-60%) is high. 

Some of these gases have pungent odor (ammonia and hydrogen sulfide) and are poisonous. If 

proper collection or venting system is not provided these hazardous fumes can create a health 

risk for the population near the landfill. Some of the most important negative impacts that may 

result if solid wastes are not managed properly are ; 

 

 Uncollected wastes often end up in drains, causing blockages which result in 

flooding and in sanitary conditions.  

 Flies bread in some constituents of solid wastes, and flies are very effective 

vectors that spread diseases. 
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 Mosquitoes breed in blocked drains and in rain water that is retained in discarded 

cans, tyres and other objects. Mosquitoes spread disease including malaria and 

dengue 

 Rats find shelter and food in waste dumps. Rats consume and spoil food, spread 

disease damage electrical cables and other materials and inflict unpleasant bites.  

 The open burning of waste causes air pollution; the products of combustion 

include dioxins which are particularly hazardous.  

 Uncollected waste degrades the urban environment, discouraging efforts to keep 

streets and open spaces in a clean and attractive condition. Solid waste 

management is a clear indicator of the effectiveness of a municipal administration. 

If the provision of this service is inadequate large numbers of citizens (voters) are 

aware of it. Plastic bags are a particular aesthetic nuisance and they cause the 

death of grazing animals which ate them.  

 Waste collection workers face particular occupational hazards, including strains 

from lifting, injuries from sharp objects and traffic accidents.  

 Dumps of waste and abandoned vehicles block streets and other access ways.  

 Dangerous items (such as broken glass, razor blades, hypodermic needles and 

other health care wastes, aerosol cans and potentially explosive containers and 

chemicals from industries, may pose risks of injury or poisoning, particularly to 

children and people who sort through the waste.  

 Heavy refuse collection trucks can cause significant damage to the surface of road 

that were not designed for such weights.  

 Waste items that are recycled with out being cleaned effectively or sterilized can 

transmit infection to later users (examples are bottles and medical supplies).  

 Polluted water (leachate) following from waste dumps and disposal sites can 

cause serious pollution of water supplies. Chemical wastes (especially persistent 

organics) may be fatal or have serious effects if ingested, inhaled or toughed and 

cause widespread pollution of water supplies.  
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2.3. Impacts of local conditions  

There are many factors that vary from place to place and that must be considered in the design of 

a solid waste management systems, amongst them are 
 

2.3.1. The waste it self  

Typical domestic waste from industrialized countries has a high content of packaging made of 

paper, plastic, glass and metal, and so the waste has a low density (in other words one person can 

lift a typical bin when it is full). The large amount of paper and the use of pre-processed food 

result in low proportions of moisture in the waste. In many developing countries there is a high 

proportion of sand (because of the materials used for paving and construction, and climate 

factors) which makes the waste very dense (If the waste is dense it means that two people may 

have difficulty in lifting a typical bin when it is full). In addition, the waste may contain large 

amount of moisture because of the high usage of fresh fruit and vegetables.  

 

2.3.2. Access to waste collection points  

Many sources of waste might only be reached by roads or alleys which may be inaccessible to 

certain methods of transport because of their width, slope, congestion or surface.  

 

2.3.3. Public awareness and attitudes to waste 

This can affect the readiness to carry waste to a shared container, the willingness to segregate 

waste to assist recycling, the frequency at which waste should be collected, the amount of litter 

and animal excreta that are left on the street, the willingness to pay for waste management 

services, the opposition to the sitting of waste treatment and disposal facilities, gender issues 

with regard to waste recycling and collection activities, and the social groups from which waste 

management staff can be drawn. 

 

2.3.4. Selection of equipment  

In addition to the factors already mentioned, the selection of waste collection vehicles should be 

influenced by the types of vehicles and chassis that are already widely used and for which spare 

parts and maintenance expertise are available. Taxes, duties and import restrictions should also 

be considered.  
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2.3.5. Institutional issues include the current and intended legislation and the extent 

to which it is enforced:  

Standards and restrictions may limit the technology options that can be considered. The policy of 

the government regarding the role of the private sector (formal and informal) should also be 

taken in to account. The strength and concerns of trade unions can also have an important 

influence on what can be done.  

 

2.4. Municipal Solid Wastes  

Municipal solid waste includes all wastes collected by municipal authorities including that from 

household, commercial and industrial premises. It generally implies all wastes generated in a 

community with the exception of industrial process wastes and agricultural solid wastes. 

Municipal solid waste also called urban solid waste is a waste type that includes predominantly 

household waste (domestic waste) with some times the addition of commercial wastes collected 

by the municipality with in a given area. They are in either solid or semisolid form and generally 

exclude industrial hazardous wastes. According to Kum et al. (2005) the sub decree on solid 

waste management prescribes that the collection, transport, storage, recycling, minimizing and 

dumping of waste in the province and cities is the responsibility of the authorities of the 

provinces and city.   

 

2.5. Categories of municipal solid waste 

There are many categories of MSW such as food waste, rubbish, commercial waste, institutional 

waste, street sweeping waste, industrial waste, construction and demolition waste and sanitation 

waste. MSW contains recyclables (paper, plastic, glass, metals, etc), toxic substance (paints, 

pesticides, used batteries, medicine), compostable organic mater (fruits, and vegetable peels, 

food waste) and soiled waste (blood stained cotton, sanitary napkins and disposable syringes. 

(Jha et al., 2003; Reddy and Galab, 1998; Khan, 1992). 

 

2.6. Solid waste management  

MSWM encompasses the functions of collection, transfer, resource recovery, recycling and 

treatment. The primary target of MSWM is to protect the health of the population, promote 

environmental quality, develop sustainability and provide support to economic productivity. To 
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meet these goals, sustainable solid waste management systems must be embraced fully by local 

authorities in collaboration with both the public and private sectors. Although in developing 

countries the quantity of solid waste generated in urban areas is low compared to industrialized 

countries, the MSWM still remains in adequate. (Henry et al., 2006).  

The best approach to solving a community’s solid waste problem is integrated solid waste 

management- using a combination of techniques and programs to manage the municipal waste 

stream (US EPA, 1994). An integrated system is designed to address specific set of local solid 

waste management problems and its operations are based on local resources, economics and 

environmental impacts. The idea behind integrated solid waste management (ISWM) is that a 

combination of approaches can be used to handle targeted proportions of waste stream. Local 

officials should consider a series of activities, each of which is designed to complement the 

others. For example, a recycling program can have positive impacts on the development of a 

waste-to-energy facility, source reduction, recycling, combustion and land filling can have 

positive impacts on the local municipal waste management problem. To reduce waste 

management problems at the national level most effectively, states, municipalities and the waste 

management industry should first consider source reduction- reducing the amount and the 

toxicity of solid waste generated. Recycling of useful waste materials is the next most desirable 

approach. Finally composting, incineration and land filling complete the solid waste hierarchy. 

Suitable combination of these alternatives is considered an integrated solid waste management 

program.  

 

The implementation of the integrated solid waste management (ISWM) systems depends on 

several important factors such as the country statutes, environmental requirements, the strategies 

in environmental management, energy policy, economic and technological feasibility, and the 

education and environmental awareness of the people (Hui et al., 2006). Some advanced 

industrial countries, such as Germany, Sweden, Japan and the United States have achieved 

remarkable results in resource comprehensive utilization and solid waste management. As shown 

in Finger 2.1, there have been a lot of changes in the strategies of solid waste management in 

these countries during the period of 1960-2004. One revolutionary change was that the solid 

waste management begins with reduction- using less to begin with and reusing more- and 
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recycling. In addition incinerating and composting organic waste become dominant methods of 

solid waste treatment instead of disposal by land fills.  

   1960-1975                      1975-1990 

                                     Land filling  

 

  

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

Fig.2.1 Solid waste management – revolutionary changes in strategies in the advanced industrial 

countries during the period of 1960-2004 (Adopted from Hui et al., 2006).  
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2.6.1. Onsite handling, storage and processing  

2.6.1.1. On site handling  

On site handling refers to the activities associated with the handling of solid wastes until they are 

placed in the containers used for their storage before collection. Depending on the type of 

collection service, handling may also be required to move the loaded containers to the collection 

point and to return the empty containers to the point where they are stored between collections.  

The residents or tenants of lowrise dwellings are responsible for placing solid wastes that are 

generated and accumulated at various locations in and around their dwelling in the storage 

containers and in many locations hand carts are used to transport loaded containers to the pickup 

point (Tchobanoglous et al., 1977).  

Handling methods in most medium rise apartment building are similar to those used for low rise 

dwellings and high rise apartments, or various combinations of the two. The methods vary 

depending on the age and location of the buildings. In some of the older medium- rise apartment 

buildings, it is still common practice for the tenants to place containers out side their doors and to 

have the waste collector pickup wastes from each floor.  

2.6.1.2. Onsite storage  

According to Tchobanoglous et al. (1977). Factors that must be considered in the onsite storage 

of solid wastes include: types of container to be used, the container location, public health and 

aesthetics, and collection method to be used. To large extent, the types and capacities of the 

containers used depend on the characteristics of the solid waste to be collected, the collection 

frequency, and the space available for the placement of containers. Because solid wastes are 

collected manually from most residential low-rise detached dwellings, the containers should be 

light enough to be handled easily by one collector when full. Temporary and disposable 

containers are commonly used when curb service is provided and the home owner is responsible 

for placing accumulated wastes on the curb for collection, paper bags, cardboard boxes, plastic 

containers and bags, and wooden boxes are routinely used as temporary and disposable 

containers. Under normal circumstances, temporary containers are removed along with wastes.  
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2.6.1.3. Onsite Processing of solid wastes  

Grinding, sorting, compaction, shredding and composting are all onsite processing methods used 

to reduce the volume, alter the physical form, or recover usable materials from solid wastes. 

 

2.6.2. Collection and transport  

The functional element of collection includes not only the gathering of solid waste and 

recyclable materials, but also the transport of these materials after collection to the location 

where the collection vehicle is emptied. This location may be a materials processing facility, a 

transfer station or landfill disposal site.  

 

Source separated collection of house hold generated MSW is one of the key steps for ISWM. 

Source – separated collection means that the MSW is first classified as several different parts 

such as composting material (food waste), combustible materials (fiber and paper) and recyclable 

materials (metals and glass). Once classified, these different, waste types are then collected and 

forwarded to the appropriate users. (Hui  et al., 2006).  

 

2.6.3. Transfer  

Collected solid wastes are delivered either to a transfer station or directly to disposal facilities. 

Transfer stations are centralized facilities where waste is unloaded from several small collection 

vehicles and loaded in to large vehicles, the large vehicles then transports waste to the disposal 

facility. In addition operations of a transfer station can be integrated with other waste 

management options such as recycling programs. Because of its high capital and operating costs, 

however, you will need to perform a careful cost- benefit analysis when evaluating the use of 

transfer stations. By sharing a regional transfer station, communities that use the same disposal 

facility can substantially reduce their individual costs (US EPA, 1994).    

 

2.6.4 Treatment  

Treatment refers to the practice of processing the material to recover resources (usable materials), 

to improve the efficiency of solid waste management systems, and to recover conversion 

products and energy. The processing techniques used are (1) mechanical volume reduction 

(compaction), (2) chemical volume reduction (incineration), (3) mechanical size reduction 
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(shredding) (4) component separation (manual and mechanical) and (5) drying and dewatering 

(moisture content reduction). Of these the first two have been used for the processing of solid 

waste since the turn of the century ( Tchobanoglous et al., 1977).  

 

The problems facing developing countries in handling of municipal solid and liquid wastes are 

not impossible to solve but they need concerted effort from all sectors of the society. MSWM is 

the responsibility of every resident. An all inclusive approach should be adopted in order to 

achieve any meaningful and lasting solution. (Henery et al., 2006). Important areas which might 

bring about this are discussed below.  

 

2.6.4.1. Source reduction and reuse  

Source reduction is an approach that changes the way products are manufactured, purchased, and 

used so that less solid waste is generated. Source reduction of MSW involves measures such as: 

(a) product design and packaging to make them easy to reuse; (b) use of existing packaging 

materials as opposed to producing new ones; (c) lengthening usage life of products to minimize 

the frequency of replacement, (d) developing alternatives to disposal such as composting of grass 

and food wastes and other compostable solid wastes from farms or markets; (e) eliminating 

unnecessary packaging and (f) Avoiding disposable products if reusable items are available (such 

as razors and batteries). Similarly town government should consider leading example, revising its 

purchasing practices to follow the same principles listed above. Your community could also 

consider using “pay-as-you-through” rates for garbage collection to reduce the amount of 

garbage (US EPA, 1994 and Henry et al., 2006). Reuse has worked well with packaging of 

drinks where reusable glass bottles and cans instead of non-reusable plastic or paper packaging 

are being used for bottling. This strategy, however, may need change in industrial technology 

and in consumer choice and preferences, as well as taste.  

 

2.6.4.2. Recycling  

With the increasing cost of raw materials, recycling provides a cheaper source of raw materials 

for manufacturing industries. This has given value to the otherwise worthless MSW and has 

encouraged a second look at it before making a decision to dispose. Sorting and separation of 

MSW is gaining importance in various sectors. A visit to a MSW dumpsite reveals intense 
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scavenging for recyclables in the disposed waste. Scavenging initially was driven by poverty and 

desire to earn a living. But emergence of recycling industries have given a boost to search for 

recyclable materials in dumpsites.  

For example in Nairobi, Kenya a number of non governmental organizations (NGOS) and 

community based organizations (CBOs) such as the undugu society among others have gotten 

involved in project aimed at improving the livelihood of unemployed street children through 

mobilization towards self employment groups (Gathuru, 1994). These groups are engaged in 

collecting recyclable materials such as paper, metal scraps and plastics, which are sold to 

generate some income. Other groups are involved in composting of organic solid wastes (food 

wastes). Which are sold to urban farmers or landscapers? Some of these groups include the city 

garbage recyclers (CGR)- Nairobi- Kenya, Mbolea Meupe (white fertilizers). Recycling 

collection programs range from simple, low- technology drop off centers to complex separation 

at material recovery facilities. Critical to the success of recycling programs is the availability of 

markets for collected materials. Without proper markets, sorting, transporting and disposing of 

the recyclables that have been collected can result in significant costs (US EPA, 1994). You will 

need to identify marketable materials and the potential volume of each, and find potential buyers 

for the materials. In general, marketable recycling materials include 

 Aluminum cans  

 Glass bottles 

 High grade office paper 

 Cardboard 

 Wet cell batteries (such as car batteries)  

 Other metal cans  

 Some plastic bottles  

 News paper and magazines and metals.  

 

For the recycling process to go full circle, the recyclable materials that have been collected must 

actually be reused. Communities can help “close the loop” by purchasing products with recycled 

content and encouraging citizens and local industries to do the same. This helps create markets 

that ensure collected recyclables are reused. Recycling alone will not solve a community’s solid 

waste problems, but it can divert a significant portion of the waste stream from disposal in 
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landfills or combustion facilities. For a community of 1,000 people, recycling the materials listed 

above would typically reduce the amount of waste disposed of in a landfill by about 5 percent 

(US EPA, 1994).  

 

2.6.4.3. Composting  

The composting of solid waste is one of the sustainable ways of managing it if a large fraction of 

the waste is organic in nature. If the organic waste is left unattended, it will tend to decompose 

by natural process giving rise to odors, hosting and feeding a variety of insects and pests, which 

intern, form the carriers of disease creating sever health problems. (Sharholy et al., 2008). The 

segregation, decomposition and stabilization of the organic waste by biological action forms the 

basis of recycling through different natural processes.  

 

2.6.4.3.1. Aerobic composting  

The bacterial conversion of the organics present in MSW in the presence of air under hot and 

moist conditions is called composting, and the final product obtained after bacterial activity is 

called compost (humus), which has very high agriculture value. It is used as fertilizer and it is 

non odorous and free of pathogens .As a result of the composting process, the waste volume can 

be reduced to 50-85% (Sharholy et al., (2008). 

 

2.6.4.3.2. Anaerobic digestion (biomethanation)  

If the organic waste is buried in pits under partially anaerobic conditions, it will be acted up on 

by anaerobic microorganisms with the release of methane and carbon dioxide; the organic 

residue left is good manure. This process is slower than aerobic composting and occurs in fact 

naturally in land fills. However, hemophilic digestion for biomethanation is much faster and has 

been commercialized. Anaerobic digestion leads to energy recovery through biogas generation. 

The biogas which has 55-60% methane can be used directly as a fuel or for power generation. It 

is estimated that by controlled anaerobic digestion, 1 ton of MSW produces 2-4 times as much 

methane in three weeks in comparison to what 1 ton of waste in landfill will produce in 6-7 years 

(Ahsan, 1999 and Khan, 1994).  
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2.6.4.4. Solid waste disposal  

2.6.4.4.1. Incineration  

Incineration is the process of control and complete combustion for burning solid wastes. It leads 

to energy recovery and destruction of toxic wastes, for example, waste from hospitals. The 

temperature in the incinerators varies between 980 and 2000oC. One of the most attractive 

features of the incineration process is that it can be used to reduce the original volume of 

combustible solid waste by 80-90%. In some newer incinerators designed to operate at 

temperatures high enough to produce a molten material, it may be possible to reduce the volume 

to about 5% or even less (Sharholy et al., 2008).  

 

2.6.4.4.2. Land filling  

Sanitary land filling is an acceptable and recommended method for ultimate disposal of MSW. It 

is necessary component of MSWM, since all other options produce some residue that must be 

disposed of through land filling. It involves placing of wastes in a large specially designed cavity, 

then covering them with soil (or approved alternative materials) each day. The daily cover 

prevents attraction of animals and insects. Federal law mandates many specific requirements for 

landfills, including that the bottom of the landfill be lined with more than one layer of 

impermeable materials (synthetic plastic and natural clay) to prevent the contamination of 

ground water by liquid leaching from the landfill.  

2.6.5. Involving the private sector 

In many countries there is great interest in the participation of private companies in solid waste 

management. Sometimes this is driven by the failures of municipal systems to provide adequate 

services, and sometimes by pressure from national governments and international agencies. 

Arrangements with private companies have not all been successful and as a result some 

opposition to private sector involvement is now in evidence.  

 

An important factor in the success of private sector participation is the ability of the client or 

grantor- usually a municipal administration to write and enforce an effective contract. Many 

municipalities do not know what it has been costing them to provide a service, so they cannot 
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judge if bids from the private sector are reasonable. The contract document must be well written 

to describe in quantitative terms what services are required and to specify penalties and other 

sanctions that will be applied in case of short comings.  

Monitoring and enforcement should be effective. It is also important that the rights of both 

parties are upheld by the courts. Three key components of successful arrangements are 

competition, transparency and accountability. Alternative to large (often international) 

companies that can provide most or all of the solid waste services in a city, micro enterprises or 

small enterprises (MSEs) can be involved. They often use simple equipment and labour-intensive 

methods, and therefore can collect waste in places where the conventional trucks of large 

companies can not enter. These MSEs may be started as a business, to create income and 

employment; or they may be initiated by community members who wish to improve the 

immediate environment of their homes. A recurring problem with collection schemes that 

operate at the community level is that the community scheme generally takes the waste a 

relatively short distance to a transfer point, from where the waste is supposed to be collected by 

another organization- often a municipality. Problems of co-ordination and payment often result 

in the waste left at transfer points for along time. Another solution is to recycle as much of the 

waste locally so that there is very little need for on- going transport of collected waste. 

 

2.7. Municipal solid waste characteristics and composition  

The composition and the quantity of MSW generated form the basis on which the management 

system needs to be planned, designed and operated. The composition of MSW at the generation 

sources and collection points can be determined on a wet weight basis. The physical and 

chemical characteristics MSW changes with population density. The differences in the MSW 

characteristics indicate the effect of urbanization and development. In urban areas, the major 

fraction of MSW is compostable materials (40-60%) and inert (30-50%). The relative percentage 

of organic waste in MSW is generally increasing with the decreasing socio- economic status; so 

rural households generate more organic waste than urban households (Sharholy et al., 2008). 

Information on the composition of solid wastes is important in evaluating alternative equipment 

needs, systems and management programs and plans. For example if the solid waste generated at 

the commercial facility consists of only paper products, the use of special processing equipment 

such as shredders and  balers, may be appropriate. Evaluation of the feasibility of incineration 
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depends on the chemical composition of solid wastes (Tchobanoglous et al., 1977). The 

composition of solid waste varies with cities and countries depending on the standard of living, 

life style, social and religious traditions and eating habit of people.  

 

2.7.1. Physical Composition  

Information and data on the physical composition of solid wastes are important in the selection 

and operation of equipment and facilities, in assessing the feasibility of resources and energy 

recovery and in the analysis and design of disposal to facilities.  

 

2.7.1.1. Density  

Density data are often needed to assess the total mass and volume of waste that must be managed. 

Unfortunately there is a little or no uniformity in the way solid waste densities have been 

reported in the literature. Often no distinction has been made between uncompacted or 

compacted densities. Because the densities of solid wastes vary markedly with geographic 

locations, season of the year and length of time in storage, great care should be used in selecting 

typical values. MSW as delivered in compaction vehicles have been found to vary from 300 to 

700 lb/yd3 ( Tchobanoglouse et al., 1977). 

 

2.7.2. Chemical Composition  

Information on the chemical composition of solid wastes is important in evaluating alternative 

processing and recovery options. For example consider the incineration process. Typically 

wastes can be thought of as combination of semimoist, combustible and noncombustible 

materials. If solid wastes are to be used as fuel the four most important properties to be known 

are (1) proximate analysis, (2) fusing point of ash, (3) ultimate analysis and (4) heating values. 

 

2.7.3. Calorific Value (heating value).  

 Calorific value or heating value of a substance, usually a fuel or food, is the amount of heat 

released during the combustion of a specified amount of it. Calorific value is a characteristic for 

each substance. It is measured in units of energy per unit of the substance, usually mass such as 

kcal/kg, J/mol, Btu/m3. Heating value is commonly determined by the use of bomb calorimeter.  
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3. MATERIALS AND METHODS  

3.1. Descriptions of the study area 

Hawassa town is surrounded by Lake Hawassa in the west, Hawassa Zuria woreda in the south 

and east part and Oromiya Region in the north and it is the capital city of Southern Nations, 

Nationalities and People’s Regional Government (SNNPRG). Geographically it lies between 07o 

05’ latitude North and 38o 29’ longitude east. The altitude of the town is 1697m above sea level. 

The climate is warm with mean annual temperature 20.9oC and mean annual rainfall 997.6mm. 

The highest maximum temperature scored in 2005 G.C and its value is 34.5 0C and lowest 

minimum temperature scored in 2003 G.C and its value is 10.40C. The land form is plain with 

reddish volcano soil which is ideal for construction. The relief features of any region can affect 

its physical, social and economic characteristics.  
 

 

The town has a total area of 50 square kilometers. Divided into seven sub towns and each sub 

towns divided into kebeles. These seven sub towns are Tabore, Hayek Dar, Menaharia, Misrak, 

BahaleAdarash, Addis ketma and Mehale Ketema. The town has a population of 259,803 (CSA, 

2007).  

 

Immigration of people from the near by zones and woredas for seeking job, development of 

infrastructures such as roads (Asphalt and all whether road), water supply, opening of Hawassa 

University and various private colleges and foundation of different industries and big market 

made great contribution for the increment of the size of the city population.  
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Fig. 3.1. Hawassa Town Administrative Division Map. 
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3.2. Sample size determination  

For the public survey, a sample size (n) of house holds those to participate in the study was 

determined using the sampling technique (formula), which was developed by Cochran (1977) 

with the desired degree of precision for general population. In this case population variable (p) is 

house unit variable, and is given as:  

                
pQZNd

pQNZn 22

2

)1( +−
=  

Where n = Sample size of housing units  

           P = housing unit variable (residential houses)  

           Q = Non- residential houses (offices, schools, etc) = 1 – p 

           N = Total number of housing units  

           Z = standard normal variable and its value that corresponds to 95% confidence interval 

equals 1.96 

           d= Allowable error (0.05)  

 

According to the data obtained from Hawassa Town Administration Socio-economic Profile 

(2007) and Hawassa Town Municipality, there are about 44088 housing units (N). Out of these 

more than 90% (p) are residential and the rest 10% (Q) is non residential such as commercial 

activities, offices and institutions.  
 

Hence 
pQZNd

PQNZn 22

2

)1( +−
=  

          
(0.1) (0.9) (1.96)  1)-(44088 )05.0(

(0.1) )9.0( * )96.1( 44088
22

2

+
=  

          138  8.137 ≈=  

n= 138 is the minimum sample size of housing units for reliable results. To be safe; in cases of 

non- cooperativeness of households and inconsistency during the survey, the sample size was 

increased to 165 households. However, only 155 households were actually surveyed. Collection 

from the other 10 households were not consistent (residents were not always available during the 

survey, because they went to job, church and other places) and so was disregarded. The 155 

households surveyed involved 901 persons.  
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3.3. Identification of households  

 To select the individual households those participated in the study, two kebeles from two sub 

towns were randomly selected and a list of house numbers with corresponding householder’s 

name (head of household) were taken from each kebeles that were selected. Then the sample size 

of 165 determined above was proportionally allocated for both kebeles, 90 and 75 households 

from Leku and Addis Ababa kelele respectively were included in the study. Individual household 

that was participated in the study was drawn by systematic sampling method. If the selected 

housing units were changed to non residential house or just demolished for other purposes, the 

next housing which serves as residential house was selected. The selected households were 

informed about the purpose of the study that it is for scientific purpose and to generate base line 

data for the solid waste management of the town.   

 

The representative households identified above were grouped into three.  111 households 

(71.6%), 28 households (18.1%) and 16 households (10.3%) were categorized under low, middle 

and high income groups respectively based on CSA household expenditure and income level 

report (2004/2005) of Hawassa town.  
 

Table1. Distribution of households and persons monthly income per capita in 2004/05 for Hawassa town.  

Variables 
Low income 

group 

Medium 

income group 

High income 

group 
Total 

Households 

 % 

904 

27.2 

10034 

30.2 

14161 

42.6 

33236

100

Person 

% 

29729 

21.2 

39008 

27.8 

71662 

51 

140399

100

Monthly income 

Per capita(birr)  

212.30 329.67 390.60  

 
Source: CSA household expenditure and income survey of 2004/05. 
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The distribution of households, persons and monthly income per capita in Hawassa city is shown 

in Table 1. According to Table1.  27.2% households and 21.2% persons are in the category of 

low income group (monthly income per capita 212.30 birr), 30.2% households and 27.8% 

persons are in the category of medium income group (329.67 birr monthly income per capita) 

and 42.6% Households and 51% persons are in the category of high income group (monthly 

income per capita  390.60birr).  

In this study households with monthly income per capita less than or equal to 212.30 birr were 

categorized under low income group, households with monthly income per capita 212.31-390.59 

birr were categorized under medium income group and those having monthly income per capita 

greater than or equal to 390.60 birr were categorized under high income groups. 

 

3.4. Socio- economic data Collection  

Questionnaire was prepared and administered to randomly selected 165 households using door-

to-door surveying in order to obtain data about, family size, family income, types of their energy 

source, waste handling practice, access to solid waste collection services and communal bins 

(shared containers), and willingness to pay for improved solid waste service, collection 

frequency and the house hold’s solid waste disposal methods from the selected households.  

3.5. Waste collection  

Plastic bags of three color categories, yellow, black and red having the same size were supplied 

to the low, medium and high income group households (165) respectively. Persons in each 

surveyed households were instructed to use the plastic bags normally i.e. they were to store the 

daily solid waste generated at their home without attempts to do any thing unusual, for example, 

like inviting their neighbors to use the bags or “sourcing” for waste to dispose of and not to 

change the color and type of the bags. The plastic bags were collected every morning according 

to the work plan with replacement of plastic bags with the same color and the same house 

number for the next day collection (Plate 1). The collected plastic bags were identified with their 

respective colors, weighed and recorded separately for each groups by their corresponding house 

numbers. This was done for eight days, however the waste collected on the first day of the 

survey was disregarded assuming that it was composite of waste stored for more than one day’s 

solid waste generated. The collection was done by five hand push carts. One person was assigned 
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to collect waste from 33 house holds. 5 waste collectors, 5 waste sorters and 2 numerators were 

well oriented and participated during the survey. 

 

 

 

 

 

 

 

 

 
                         Plate 1.Sample waste collectors. 

 

 

3.5.1. Sorting by waste type  

After all the wastes collected from each surveyed households were weighed before sorting to 

determine the total waste colleted from consistent individual household in seven days survey and 

total waste collected per day, the composite waste samples from each types of plastic bags were 

spread and have been sorted into different types of waste components on clean plastic sheet 

stretched on the floor in sorting hole (Plate 2 and 3). Then the volume of each component of the 

waste stream was measured with appropriately sized wood bucket (not calibrated) (Plate 5). The 

weight of each component of the waste was measured with weighting scale (Plate 4). The target 

waste categories include: 

 Putrescible materials (Food remnants, leaves, grasses etc), 

 Plastics 

 Paper (cartons and other paper to be separated) 

 Metals ( ferrous and non ferrous to be separated) 

 Glass 

 Textiles 

 Fines ( Ash, dust  etc ) 
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 Miscellaneous (wood, discarded hardware, discarded shoes, and other footwear, dry cells, 

batteries etc.).The waste separated was then weighed accordingly. 

 

 

 

Plate 2 and 3 sorting by waste types 

                      
 Plate 2                                                                                Plate3 

  

                   

   

 

 

 

 

 
 Plate4: Weighing.                                                               

                                                                                                                      Plate5: Measuring volume. 
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3.6. Proximate analysis 
On the last day of the survey 200-500gm of each samples of eight waste stream components 

(Food, yard, wood, paper, cardboard, textiles, Rubber, and leather waste) were taken for 

proximate analysis and calorific value (heating value) determination to geological survey of 

Ethiopia, central geological laboratory, hydrocarbon division. 

For moisture content analysis, samples of food and yard wastes were dried in pre-weighed 

receptacles in an air oven maintained at 105oC for 24 hours. and subsequently weighed to 

constant weight. For other waste components the drying time was 1 hour because the wastes 

were dry. The moisture was determined in three replicates the results obtained are the average of 

the three replicates.  

 

For volatile matter determination additional loss of weight on an ignition at 950oC in covered 

crucible was measured after 6 minutes of ignition. Ash content was determined after burning 

each of the solid wastes for 3 hours. at 750oC. The calorific value (heating value) was determined 

using bomb calorimeter (adiabatic calorimeter). 

 

3.7. Materials  

Materials used for the survey were obtained partly from local materials, some of these were 

wood buckets for volume measurement which were designed at home and made from wood and 

plywood by wood worker (Plate 6). These were designed to measure 0.5L, 1L, 16.25L and 125L. 

Scales with sensitivity of 100kg and 3 kg were used for weight measurement (Plate 7 and 8). 

Clean plastic sheet and hand pull cart were also used for sorting and collection respectively. 
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Plate6: Containers.                                                   Plate7: Small scale. 

       

 

 

 

                                
Plate8: scale 
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3.8. Limitation of the study  

Major limitations in this study were lack of relevant socio-economic data on population of the 

town, for example total number of housing units in Hawassa is not exactly known, regarding 

socio-economic status of the population no survey was conducted. Since finding households 

categorized into different income levels as low, medium and high income group is difficult, the 

method adapted by CSA that is the household expenditure which is the indirect estimation of 

household’s income was used in this study.  

Another problem encountered during the survey was that some households were not willing to 

give reliable information, however explanation was given to the selected households  about the 

usefulness of the study, some household assumed that as they might be asked financial 

contribution based on their income and the waste they generate. 

 Regarding the variations between days in solid waste composition and generation rate, only 

seven day sampling and sorting was conducted, however due to lack of financial resources and 

time, seasonal variations was not considered.  

In general since, HHSW composition and generation rate study has not been conducted so far in 

the town, lack of references and baseline data on solid waste generation rates and composition 

were also among the major problems. 

 

3.9. Data analysis  

The range, average (mean) and standard deviation for the total waste collected from consistent 

individual households and total waste collected per day for low, medium and high income groups 

were calculated. The per capita solid waste generation rate for each income group was also 

calculated and the results were compared. The individual components of the household solid 

waste stream and their relative distribution based on percentage composition was presented using 

tables and charts. The relationship between solid waste generation rate and household income 

levels was described with correlation. Moreover the data obtained from solid wastes and 

questionnaire was analyzed using SPSS.  
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 4. RESULTS AND DICUSSTIONS 

4.1. Household solid waste generation  

The estimate of the quantity of waste generation to be handled is crucially important to design 

collection services and disposal facilities. A grossly in accurate recording of the amount of waste 

could lead to over or under provision of collection services or disposal facilities (Kum et al., 

2005). Up to know there has not been any rigorous estimate of the waste generation per capita in 

the Hawassa town. According to Hawassa town environmental protection team leader, the value 

of waste generation per capita 0.15-0.25 kg/capita/day is an assumed value based on the data 

available in other cities with similar socio- economic situations.  

 

Results of solid waste collected from households in this study over the survey period (seven 

days) are summarized in Table 2. The daily household total for the entire population (over all 

household) ranged from ∼141 to 212 kg with an average of 171.18 kg (S =24.1kg) with the 

higher contribution from the high income households (Table 2 Column 6). For the entire survey 

period a total of 1198 kg or 1.2 tones of solid waste were collected involving a population of 901. 

This translates to over all daily per capita rate of 0.2 kg for the entire group. On the individual 

household basis the total waste collected over the survey period was in the range 2.2-34.34 kg 

per household, with the value at the upper end occurring more in the high income households 

and residents. That is one household contributed a total of about 2.2 kg and another about 34.34 

kg during the seven days survey. The wide range (Table 2) and high deviations (S) of the mean 

(Table 2) for specific waste generation group is a reflection of a wide variation in the quantity of 

waste generated in households with varying socio-economic status.  
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Table2. Summary of solid waste collected from households over a seven days survey period 

(March, 2009).  

Waste 

generator 

For the 7 day survey period a 

(kg) 
Total 

generation 

(kg) 

Daily total  

generation b (kg) Per capita 

generatio

n per day Range 
Average 

per type
S 

   

Range 

Average  

S 

LIHH 2.20-4.39 3.2 0.7 350.86 41.07-

58.83 

50.1  6.01 0.1 

MIHH 10.04-16.40 13.2 1.1 370.16 44.52-

66.92 

52.9  7.63 0.36 

HIHH 25.32 -34.34 29.83 2.7 477.26 55.36-

85.92 

68.2  10.7 0.95 

Overall 

HH 

2-34 7.7 2.3 1198.28 140.95-

211.6 

171.2  24.1 0.2 

 

LIHH= Low income households (monthly income per capita ≤ 212.30 birr). 

MIHH =Medium income households (monthly income per capita 212.31- 390.59 birr). 

HIHH = High income households (monthly income per capita > 390.60 birr). 

a  the data represents total waste collected from consistent individual households (HHs) in 7 days. 

b total waste collected per day from each waste generator group.  

 
 

 

 

 

 

 

  

 

 



 31

 

 
 
 
 
 
 
 
         
 
 
 
 
 
 
   
                                                                                    
 
 

Fig.4.1a. The average daily total weight in percentage of solid 
waste collected from  households over the seven days survey. 

 
         
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.4.1b.The average daily total volume in percentage of solid waste 
collected from households over the seven days survey. 
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Fig.4.2. Per capita solid waste generation in relation to waste generator type (income level) 

in Hawassa town. 

 

OV.HH is overall household. 

 

Fig.4.2. depicts the per capita waste generation of HH with different income level. The results of 

the study indicated that 71.6% of the low income HH generates 0.1 kg of solid waste per capita 

per day and 18.1% and 10.3% of medium and high income HH generate 0.36 and 0.95 kg of 

solid waste per capita per day respectively and the over all average per capita generation is 

0.2kg/day. This indicates that the daily HHSW generation per person increases with increased 

economic status of households and standard of living. 
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Households were categorized into three groups depending on their monthly per capita income of 

their family members. Per capita income level and solid waste generation rates have direct 

relationship (Wells, 1996 cited in Lama Asfaw, 2007). Households that have better life standard 

use more consumption materials than low- income households do, through which they generate 

greater amounts of wastes. As indicated in Table 3, a household generates 0.45 kg/day for low 

income families, where as middle and high income households generate 1.89 kg/day and 4.26 

kg/day respectively. Similarly, per capita generation rate of a person is 0.1kg/day, 0.36 kg/day 

0.95 kg/day for low, middle and high income groups respectively. 

Regarding the volume of the waste generation in low- income families, a household generates 

2.63 L/day, where as middle and high- income households generate 4.5 L/day and 4.46 L/day 

respectively. This indicates that solid waste generation rate has direct relation ship with income 

level. Similar trends were observed in Adama town (Lema Asfaw, 2007), Arada sub city, Addis 

Ababa (Yitayal Beyene, 2005) and Makurdi, Nigeria (Sha’ Ato  et al., 2007).  

 

As it was shown in Table 3 the per capita generation rate of low income families is 3.6 times less 

than that of middle income families and 9.5 times less than high income families. This indicates 

that the waste generation rate is highly dependent on life standard of the family and especially 

there is a great difference between low and high income families. In general the volume of the 

HHSW generated per household per day and per capita per day by middle and high income 

households (4.5 and 4.46 L/HH/day and 0.87 and 0.99 L/cap/day respectively are similar, 

However there is a great difference between low and middle, or low and high income levels. But 

the weight of the HHSW generated per household per day and per capita day increases with 

increasing income level that is (0.45, 1.89 and 4.26 kg/HH/day and 0.1, 0.36 and 0.95 kg/cap/day 

respectively for low, middle and high income households. 
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Table 3 Household solid waste generation rate of Hawsassa town.  

Descriptions Low income Middle income High income 

Monthly income 

(per capita)  

< 212.30 birr 212.31-390.59 birr > 390.60 birr 

Number of 

households 

111(71.6%) 28(18.1%) 16(10.3%) 

Average family size 6.1 5.2 4.5 

Kg/HH/day 0.45 1.89 4.26 

L/HH/day 2.63 4.5 4.46 

Kg/capita/day 0.1 0.36 0.95 

L/cap/day 0.43 0.87 0.99 

Density (kg/m3) 172.8 419.68 960.30 

 

 

4.2. Total generation rate  

Total generation rate of household solid waste can be calculated from the average per capita 

generation rate (0.20 kg/cap/day) of the studied household, average family size of Hawassa town 

(4.5) and total number of housing units (44088).  

 

Calculating total generation rate of the Household solid waste enables us to estimate the total 

solid waste that can be generated in a day, month, or in a year, which in turn help to plan 

accordingly for better solid waste management of the town. Table 4 shows household solid waste 

generation rates of an individual and total population of Hawassa town in day, week, month, and 

year. 
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Table4. Estimated Household solid waste generation rates in a year in Hawassa town.  

Generation 

rate 

Day Week Month Year 

Wt. 

(tons) 

Vol. 

(m3) 

Wt. 

(tons) 

Vol. 

(m3) 

Wt. 

(tons)

Vol. 

(m3) 

Wt. 

(tons) 

Vol. 

(m3) 

 

Per capita 

 

0.00020 

 

0.00054 

 

0.0014

 

0.00378

 

0.006 

 

0.0162

 

0.073 

 

0.1971 

 

Total  

 

39.7 

 

107.13 

 

277.9 

 

749.9 

 

1191 

 

3213.9

 

14190.5 

 

39102.45

 

 

4.3. Comparison with other countries  
Comparing the SW generation rate of Hawassa town with other countries that have similar socio-

economic situation enables us to estimate the magnitude of the solid waste problems of the town. 

In Arada sub city of Addis Ababa 17,885 tones of domestic waste is being generated in a year 

(Yitayal Beyene, 2005). Adama town generated 12,856 tones of HHSW in a year (Lema Asfaw, 

2007). Hawasssa town generates 14490.5 tones of HHSW in a year as indicated in Table 4. This 

is less than that of Arada sub city but greater than Adama town.  

The daily generation rate of HHSW in Hawassa town varies from 0.1 to 0.95 kg/cap/day. A 

similar survey conducted in Adama town indicates that it varies from 0.11 to 0.57 kg/cap/day 

(Lema Asfaw, 2007), in Arada sub city it varies from 0.075 to 0.163 kg/cap/day (Yitayal Beyene, 

2005). And in Makurdi, Nigeria it is about 0.54 kg/cap/day (Sha’Ato et al., 2006). Table 5 below 

shows per capita SW generation rates of some African and Asian developing countries. The 

MSW generation rates of countries indicated in Table5 are from all sources of MSW. But the 

above calculated (Table 4) generation rate of Hawassa town is only for HHSW.  

HHSW constitutes the larger proportion of MSW. For example a survey conducted by Sufian et 

al. (2006) indicated that HHSW constitutes 44.2% of the total MSW in Dhaka city. In Addis 

Ababa HHSW constitutes the largest proportion of MSW (76%) (Lema Asfaw, 2007). If other 
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MSW sources were included the per capita generation rate of SW in Hawassa town would 

increase to 0.263 kg/cap/day. 
 

Table 5. Solid waste generation rate in some African and Asian cities. 

    Country City Municipal pop. 
Sold waste generation, 

kg/cap/day. 

  Nigeria Makurdi            - 0.54 

   India Himachal 82,054 0.427 

     “ Meghalaya 223,366 0.157 

     “ Migoram 155,240 0.296 

     “ Pondichery 203,065 0.295 

     “ Tripura 157,358 0.210 

Source: Status of MSW generation, collection, treatment and disposal in class I cities, India 

(CPCB, 2002)  and Sha’Ato et al. (2007). 

 

4.4. Bulk density  

The bulk density of the waste was determined by assessing the volume of the waste composite 

using containers. The daily total average volume and weight of the generated waste for the entire 

household were 489.17L (≈0.5m3) and 171.18kg respectively. Therefore the bulk density of non 

compacted (initial) HHSW in Hawassa town is about 342.36 kg/m3. This value falls within the 

range for low- medium income countries generally (Contrieau, 1982). For example in Phnom 

Penh city, Cambodia the non compacted (initial) waste density is in the range of 350-400 kg/m3, 

in Dhaka city it is 350 kg/m3. In developed countries the compacted density of MSW density is 

about 350-500 kg/m3 from initial density of 100-150 kg/m3 (Flintoff, 1984). As mentioned above 

the non compacted HHSW density in Hawassa town is 342.36 kg/m3. These means that the 

benefit from compactor trucks (which are specifically designed for waste volume reduction) for 

the transport of waste as means of enclosing waste during transport may not be necessary. So the 

waste collectors should carefully cover the waste during transportation. As it is indicated in Fig 

4.3 typical domestic waste from industrialized countries has low density. This is because of the 

high content of packaging made of paper, plastic, glass and metal. The large amount of paper and 

the use of preprocessed food result in low proportion of moisture in the waste. In many 
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developing countries there is a high proportion of sand (because of the materials used for paving 

and construction, and climate factors) which makes the waste very dense. In addition the waste 

may contain large amount of moisture because of the high usage of fresh fruit and vegetables 

 
. 

 
Fig.4.3.Comparison of the bulk density of Hawassa town HHSW with developed countries. 

 

DCC is developed country compacted. 

DCNC is developed country noncompacted. 

NC is noncompacted. 
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4.5. Composition of Household solid waste in Hawassa town 

The composition of waste is as much an important consideration as its quantity in planning 

SWM (US EPA, 1989). The results of this study indicated that the Household solid waste in 

Hawassa has a higher content putrescible matter (59.7%). The higher concentration of organic 

waste is related to the eating habits of the residents, like other population in other plarts of 

Ethiopia and other developing country population, people in Hawassa town prefers their food 

unprocessed with little packing. The proportion of Ash/sand/dust or “fines” in the waste was also 

higher (31.3%) ranking  second in the HHSW. The high content of the “fines” fraction of HH 

solid waste is obviously related to the physical environment of this area and living standard of 

the HH. Most of the roads in the study area are not paved and most premises have open grounds 

that are swept daily bringing in much of the dust. Similarly  considering the HH source of fuel in 

Hawassa town more than 72.3% of the HH surveyed use fire wood, charcoal, cow dung and yard 

wastes as their main energy sources (Fig.4.10). About 140 HH contributed to generation of ash 

waste, further considering the season of the survey (dry season) these “fines” materials come in 

to the premises by winds, from where they enter the waste stream. Generally, therefore solid 

waste generated from HH in the Hawassa town is predominantly made up of putrescible matter, 

ash/dust or “fines”, plastics and paper and low content of glasses and metal (each less than 1%) 

of the total HHSW.  

These composition profiles agree well with what is obtained in low/medium income countries 

world wide. For example in Makurdi- Nigeria, Putrescible matter accounts 36-57%, ash/dust or 

“fines” accounts 32-41% in the HHSW. In Indian cities, the MSW consists 40-60% organic 

fraction, 30-40% ash and fines and glass and metals each less than 1% (Sharholy et al., 2007). 

Plastic and paper content in Hawassa town HHSW (2% and 2.7% by weight respectively) is low 

because as discussed under waste burning (section 4.2.8.1) these materials are used as igniting 

agent for firewood by the Households. Further the composition of glass and metals (0.5% each) 

by weight is very low because metals are recycled by informal buyers. Glass (especially bottles) 

are either reused or recycled by itinerant buyers through house to house collection. The metals 

observed during the survey were soft and alcoholic beverage bottle corks, old cans and nails and 

the plastics are in small pieces making it difficult to be recycled and the glasses were broken.  
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Table 6. Household Solid waste composition of Hawassa town. 

No Waste category W(Kg) S2   S V(l) % wt % volume 

1 Putrescibles  102.21 70.30 8.39 315.79 59.7 64.6

2 Plastics 3.43 0.29 0.54 26.42 2 5.4

3 Paper 4.55 0.15 0.39 36.00 2.7 7.4

4 Metals 0.83 0.01 0.10 0.85 0.48 0.2

5 Glass 0.78 0.015 0.12 1.48 0.46 0.3

6 Textiles 1.84 0.079 0.28 9.21 1.1 1.9

7 Fines (ash, dust) 53.82 21.62 4.65 91.64 31.4 18.7

8 Rubber 0.85 0.025 0.16 2.89 0.5 0.6

9 Miscellaneous 2.87 0.106 0.33 4.63 1.6 0.9

 Total  171.18   489 100 100

 

 

S is standard deviation. 

S2 is variance. 
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Fig 4.5. Composition by weight in percentage of HHSW of Hawassa Town. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 4.6. Composition by volume in percentage of HHSW of Hawassa Town. 
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4.6. Waste Storage  

A key aspect of effective waste management is proper waste storage on the premises where the 

waste is generated (Oluwande, 1984). Generally no system for sorting waste in containers at the 

source of household waste generation has yet been introduced in Hawassa town. As shown in 

Table7, 44.5%, 36.8% and 3.2% of Households use sacks, plastic bags and barrels respectively 

for on site storage of waste and 15.5% of households dispose of their waste daily by throwing on 

the streets, drainage channels and open spaces. Standardized system of bins and containers that 

could be mechanically loaded into collection trucks does not exist.  

The municipality has placed public bins made of baskets and galvanized metals along some of 

the major roads for temporary storage of waste to be used by the public to put small amount of 

waste such as paper or wrappings, in order to avoid littering, and to improve the cleanliness and 

appearance of these areas. Unfortunately, the places where the bins have been put become points 

where people throw their households wastes more critically, Chat residues “Garaba”. This 

shows that the public awareness is still very low. Moreover, though the storage bins are available 

at some places the number of bins is far below the number required. As a result, the waste is 

always seen spilled over and scattered around the bins. 

 

                                            

                         Table7. Containers used for the onsite storage of solid wastes.  

Waste handling Households Percent 

Trash bags (sacks) 69 44.5 

Plastic bag 57 36.8 

Barrels 5 3.20 

Other  24 15.5 

Total  155 100 
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4.7. Collection and Transportation.  

The sub decree on solid waste management prescribes that the collection, transport, storage, 

recycling, minimizing and dumping of waste in the provinces and cities is the responsibility of 

the authorities of the provinces and city (Kum et al., 2005). Therefore the Hawassa town 

municipality has responsibility for solid waste management of the city. The municipality 

provided collection services for solid waste by placing 31 communal bins with a capacity of 8m3 

each and made of galvanized iron in some places and collecting and disposing 48 m3 (waste 

stored in 6 full containers) daily until 1999 E.C (2007 G.C). But due to lack of appropriate 

collection vehicles, human resources and less concern of higher officials, the collection and 

disposal service was contracted by Yohanis solid waste cleaning enterprise since 2000 E.C (2008 

G.C). At present this single domestic private sector is providing house-to-house collection 

service, typically between one and two times a month depending on the availability and 

conditions of his vehicles. Waste collection service is available only in some place such as 

residential areas with good standard roads, shopping centers, restaurants and hotels. According to 

the result of the survey, it was estimated that about 76 percent of the households (Fig.4.7) is with 

out regular and adequate collection service and the coverage, efficiency and frequency of 

collection vary substantially from one area to another or even from one street to another street. 

 

 As indicated in Fig.4.8 the formal waste collector (Yohanis solid waste cleaning enterprise) 

provide service for 37 HH (24%) once in two or three days and 53HH (34.1%) ,45HH(29 % ) 

and 20 HH (12.9%) weekly, fortnightly and monthly respectively. None of the households 

surveyed have access to daily waste collection service.  More over, the transportation of waste to 

the dump site has not been properly managed. Wastes such as plastic bags and other light 

materials are clearly seen flying from the trucks during transport. This also contributes to the 

litter on the streets.  

 

Informal sector collection workers also operate house-to house collection services using animal 

pull carts. They often separate out recyclable materials and dump unwanted degradable waste 

around the area or open spaces.  

Source separated collection of household generated municipal solid waste is one of the key steps 

for ISWM. Source separated collection means that the municipal solid waste is first classified as 
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several different parts such as compositing material (food wastes), combustible materials (fiber 

and paper), and recyclable materials (metals and glass). Once classified, these different waste 

types are then collected and forwarded to appropriate users. Unfortunately, source separated 

collection at household level has not yet been implemented successfully in Hawassa town.  

 

It seems that the collection service in the city at present is deteriorating rather than improving. In 

many areas the collection frequency has dropped from once a week to once every two weeks or 

once a month. In addition the collection times are variable. Residents must wait for the truck to 

sound their trump to signal that they are one the street. However, with irregular collection times 

peoples are not always at home or ready to deliver the waste. Consequently, more and more 

households place their waste out side their houses along the curb or road side. The waste bags are 

subject to being torn by scavenging animals that search for something to eat or by waste 

scavengers who search for saleable materials. These activities usually scatter the waste that is 

ready for collection and this makes the job of the collection worker even more difficult as they 

have to collect the loose and scattered waste from ground in to the collection vehicles. This leads 

to un acceptable low collection efficiency and too much waste is left on the streets.  

 

 
Plate 9: HHSW placed at the curb for collection. 

 

 

.                                            
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Fig.4.7 and 4.8. Households access to waste collection services and frequency of collection 

by the formal private waste collector in Hawassa town.                

 
Fig.4.7. HH access to solid waste collection service. 

 

 
Fig.4.8. Frequency of solid waste collection service. 
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4.8. Resource recovery and recycling  

The only recycling in Hawassa town is carried out by informal sector- limited amount of cans, 

metals and bottles are sorted in homes and sold to itinerant buyers or “korallew” and house-to 

house collection of these materials has significant potential for expansion. Most recycling has 

been carried out by segregation from mixed waste. Such sorting is under taken by the informal 

sector collectors from their carts, by the collection workers from waste vehicles and by 

scavengers, both from street bins, and dump site.  

As show in Table 10, out of the households consistently surveyed, 45.2% of households 

exchanged clothes with other material (“Lewach”) and 41.9 percent sold glass and plastic bottles. 

Further the survey indicated that fruit juice bottles, soft drink bottles, cans and mineral water 

bottles are reused for different purposes by the households.  

 

Table 10. Waste sold or exchanged.  

Waste type        Household          percent 

Cloths 70 45.2 

Glass and plastic bottles 65 41.9 

No response  20 12.9 

             Total               155 100 
 

 

4.8.1. Recycling  

In recycling, waste materials are processed for industrial use and reformed into new or similar 

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

greater return for many products in energy saving. The recyclable materials in Hawassa town 

solid waste are paper, plastics, metals and bottles. These recyclable materials are often collected 

at the source or in the waste bins by scavengers and reusable waste collectors patrolling different 

residential areas. Packing of drinks such as glass bottles and cans are reused commonly.  

 

Source separation is sorting out individual waste types into separate storage containers at the 

point of generation. Primarily wet organic waste is separated from dry waste. Dry waste can be 

further separated into glass, paper plastics depending on the availability of markets for recovered 

materials. Recovery of materials from the waste stream for reuse or recycling takes at various 
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stages from individual households to final disposal site. The majority of materials are recovered 

at household level before entering into the municipal solid waste stream. 

 

 

 

                
    Plate 10.Scavengers working in the dumpsite         Plate 11.Plastic bottles and old trays for reuse                    

                 and researcher                                                                          

 
          .                                                                               
                 

      
Plate 12.Metals collected for recycling “ Korallew”      Plate 13.Old tyre recycling in Hawassa. 
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4.9. Waste disposal  

A persistent problem for local government is inadequate collection and disposal of household 

garbage. Although most municipal government spend between 20-50 percent of their available 

operating budgets for solid waste service, typically only half of the urban households benefit 

from collection services (Contreau,1982. Washington DC.). Most wastes that are collected end 

up in open dumps, threatening both surface water and ground water and causing flooding which 

provides a breading ground for disease carrying pests. The situation is not different in Hawassa 

town, like in many developing countries the focus of municipal solid waste management is on 

waste collection, with lack of consideration for waste treatment or disposal. While collection 

would help to remove waste from the generators, collected waste is often disposed of in open 

dumps without concern for environmental degradation and human health impacts. Local 

residents that were interviewed blamed the in appropriate disposal of MSW in paths, river sides 

and road reserves on the failure of local authorities to provide appropriate collection services. 

Some common causes for poor waste management services in Hawassa town are lack of 

appropriate government policy and legislation, lack of public commitment, inadequate technical 

expertise, and insufficient financial resources or in appropriate allocation of available resources.  

Despite the good intention of the master plane, there is no sanitary landfill or controlled disposal 

site in Hawassa town for waste disposal. Solid waste from the formal collection system is 

transported to a single formal dumpsite which is located around Debub teachers college. It is in 

close proximity to residential houses, government and private industries and one private college. 

Illegal disposal is also common in Hawassa. Piles of solid wastes are often found along roads, 

underneath bridges, in drainage channels and in other open spaces. The most critical case is the 

solid waste disposal inside of Hawassa airport which is nearer to Hawassa University main 

compass along the international road to Kenya, Moyale.  
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Plate 14: An informal open dump site along Hawassa University main campus. 
 

   
Plate 15: Plastic wastes disseminated at  the residential area around the formal dump site. 



 49

  Effective SWM depends up on appropriate distribution of functions, responsibilities, authority 

and revenue between national, provincial and local government, as well as infra urban entities 

such as wards or communities (Henry et al., 2006). 

Administration of urban areas in the SNNPRG is the responsibility of local government and the 

regional urban development sector. The local authorities and municipalities are providing 

services including road construction, water supply and sewerage, housing drainages and solid 

waste management. The problems plaguing the management of Hawassa town services can be 

traced to both local and regional government. Staffs at both areas suffer from a lack of decision- 

making authority, lack of experience, lack of accountability and heavy burdens of work due to 

under staffing. In addition, local authority is granted to manage all related affairs and in 

particular to collect and employ user charges and other revenue for the purposes of SWM, 

However, there is high manpower deficiency. According to the department head of the 

Environmental Protection and Social Affairs of Hawassa town, the duties of this department are 

waste collection, environmental cleaning and health, protection of recreation areas, planting of 

trees that can also adds to the beauty of the town. But the service provided by this department is 

still not sufficient.  

The man power allocation of the department has a significant problem on its performance, 

similarly overlapping of duties and responsibilities between departments causes conflict between 

the departments. Due to capacity problems in the municipality, the municipality is unable to take 

measures on residents that do not obey the rules and regulation of the municipality. At the same 

time there is no full support from other bodies that could assist in this regard, there are few 

employees responding to the demand of 259,803 inhabitants of the city concerning solid waste 

services.  

According to Cointreau (1982) on an average there are 2000 waste workers for every million 

inhabitants in developing countries. In Hawassa one waste worker has to serve 8000 people 

(Gehano, 2007). This is due to the fact that low social statues of waste workers, low salaries the 

job within this department are not attractive for qualified personnel that also aggravate the 

condition. Moreover, as it is cited in the town proclamation 51/2002, the kebele has 

responsibility to keep its district clean, have obligations such as penalizing households throwing 

their garbage to campaign and clean the areas and supervise households to construct toilet 
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facilities. However they are not in position to penalize those who disobey, because this is done 

during the night when no one is around. 

Poor collection and inadequate transportation are responsible for the accumulation of MSW at 

every nook and corner. Unscientific disposal cause an adverse impact on all components of the 

environment and human health. MSWM involves activities associated with the generation, 

storage, collection, transfer and transport, processing and disposal of solid wastes. But in 

Hawassa town the MSWM system comprises only four activities that are waste generation, 

collection, transportation and dumping. Representative diagram regarding HHSW management 

system in Hawassa town is given in Fig.4.9. From the figure it is clearly seen that there is no 

transfer and processing station. Except those who are the client of the formal private solid waste 

collection enterprise, other residents have no access to the collection sites, which are controlled 

by the enterprise. More over the households have no access to shared containers. Therefore with 

the current situation of open dumping and large amount of litter in the town and the use of small 

capacity collection trucks, it is advisable to have centrally located transfer stations and provide 

the informal solid waste collectors with space at this station to sort saleable materials and the 

residents with shared containers for temporary storage before collections. Further, Fig. 4.9 

indicates that resource recovery and recycling from the waste stream in Hawassa town is carried 

out only by informal groups. 
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Fig 4.9. Current HHSW management systems in Hawassa town. 
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                      . 

                          Source: Hawassa Town Administration, Finance Department (2007 

 

The population of Hawassa town is growing rapidly from year to year (Fig.4.10a); it is almost 

more than double in 2007, as compared to what was estimated in 2006. This shows that there 

may be a rapid population inflow into the town perhaps because of job opportunity, opening of 

Hawassa University and other private colleges or other attractive factors. However more people 

mean more resources needed for waste management. So the rapid population inflow should be 

considered in designing waste management plan of the town. 
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Fig.4.10a. Municipal population growth in Hawassa town. 
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 4.9.1. Waste burning 

A large number of households surveyed (85%) burn waste in their gardens or by road side to 

dispose of their green waste during the dry seasons (Table 11). For those surveyed who burn 

waste 12.12 (16HH) said they burned once every two or three days. 68.2% (90 HH) said weekly, 

8.33% (11 HH) fortnightly and 11.36% (15 HH) monthly.  

Weekly burning is the most common as many households clean up their gardens during the week 

end.  Waste burning by households mainly includes paper, plastics and yard wastes. The use of 

plastics and papers as igniting agent for fire wood in kitchen is common practice in Hawassa. 

Public awareness of impacts of burning plastic on health is poor. This explains why 79% of the 

sample household in this survey stated that they have no difficulty in disposing plastics. 

                       Table11. Waste burning practice of Households.  

Frequency of burning Households 

Once every two or three days 16(12.12%) 

Weekly  90(68.1%) 

fortnightly 11(8.33%) 

Monthly  15(11.36%) 

Total  132 
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Plate 16: Households waste burning. 

  
 Plate 17:  Waste burning at the dump site. 
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4.9.2. Composting  

When the organic fraction is removed from the waste stream, the resulting leachate is of low 

strength. According to Vidagrarachchi et al. (2006) study done in SriLanka has shown that the 

BOD, of the leachate is reduced remarkably from about 11,000 mg/L to about 1600  mg/L if the 

organic waste is separated from the waste stream and sent for composting.  

The high organic fraction and high moisture content of Hawassa town HHSW are suitable for 

producing good compost. The survey indicated that 3HH (2%) currently undertake home 

composting, 7HH (4.5%) have shown interest and 145HH (93.5%) have no interest (Table12). 

According to the Hawassa town environmental protection team leader, plans are underway by 

Hawssa town municipality to start composting as an alternative to sending wastes to disposal site. 

A lack of knowledge and experience seems to be the biggest drawback.  

The composting of solid waste is one of the sustainable ways of managing it if a large fraction of 

the waste is organic in nature. Since more than 59.7% of the solid waste generated in Hawassa is 

of organic origin, composting is one of the best ways to manage solid waste. 

                  Table 12: Households SW composting practice in Hawassa town.  

Households Frequency  Percent 

Currently undertaking 

home composting  

3 2 

Have interest  7 4.5 

Have no interest  145 93.5 

          Total 155 100 

 

 

4.10. Public awareness and attitude to waste 

Public awareness and attitude to waste can affect all stages in solid waste management process. 

This has an impact on household waste storage, waste segregation, recycling, collection 

frequency, littering and willingness to pay for waste management services (Imam et al., 2008). 

According to the data obtained from formal and informal waste collectors, street sweepers and 

others, in general people in Hawassa Town have a poor attitude towards waste management. 

People who handle waste are regarded as poor and inferior, carrying household waste to bins is 

often regarded as duty of children and the poor. Therefore, efforts should be made by both local 

government and private sector to increase public awareness of solid waste management issues. 
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65.8% of the residents (Table 22) that were surveyed do not appreciate that environmental 

quality is not just only the responsibility of the local government and that the individual also has 

an important role. 

 

4.11. Public Participation  

In Hawassa town it is common to see people throw liter from cars or motor vehicles into streets 

while traveling and to see people in the parks leave litter on park benches even though rubbish 

bins are available within the parks. This is really a lack of responsibility and has negative impact 

on the cleanliness of the town in general. In more serious case, in some area in the town, people 

deliberately dump their waste into drainage channels thinking that it will be carried away with 

the rain water, not understanding the clogging and pollution problem this causes. Some times 

they burn their excessive waste in the streets creating health risks and environmental problems. 

In some areas people leave their plastic bags of household waste along the streets where the 

waste becomes scattered by scavengers. The private sector providing the collection service of 

MSW complains about this. According to the operation manager of the formal private sector 

enterprise the reason why there is still so much waste along the streets in the town,  is that the 

general public does not understand and respect the waste collection schedule of the enterprise 

and that there is a lack of co-operation from the public to make the city clean. But the question is 

whether people are well-informed about the waste collection schedule, are there enough 

communal bins so that people can dump their waste? If not where can the public put their 

garbage- on their premises and wait for the irregular schedule waste collection? Does the private 

enterprise really understand this? However, activities of the residents such as throwing the waste 

into the streets, dumping in to open drains or burning it in the streets are the responsibility of the 

general public. This also shows that the general public has not been motivated to participate 

actively in waste management issues. So there is a need for greater public participation for better 

SWM in the Hawassa town. The increased public participation may be carried out by means of 

all sources of media, such as television and radio networks to increase the public awareness.  

 

 



 57

 
                          Plate18: SW dumped in to drainage channel in Hawassa town. 

                     

4.12. Moisture content and calorific value  

Incineration involves the burning of solid waste at high temperatures. If incineration is to 

become an economical method for solid waste disposal, useful materials and energy must be 

recovered by the process. The heat so recovered can be utilized for generating electricity or for 

space heating purposes. In general solid waste has about one- third the heating value of coal, but 

unlike coal it has very low sulfur content (Sufian and Bala, 2007). All types of incinerators 

produce air pollution. The contribution to global warming by incineration is less than those of 

landfill but comparable to those by composting (Sonesson et al., 1997, 2000). Heating value of 

solid wastes depends on the types of the wastes and moisture contents of the wastes. Themelis et 

al. (2002) reported that the heating value of the different types of wastes decreases as the 

moisture content increases. As indicated in Table13, moisture content, volatile matter, fixed 

carbon, ash (residues) and calorific value (heating value) of 8 waste stream components were 

analyzed. 

 

 Food wastes are the animal, fruit, or vegetable residues resulting from the handling, preparation, 

cooking and eating of foods (also called garbage). The most important characteristics of these 

wastes are that they are highly putrescible and will decompose rapidly, especially in warm 

weathers. Often, decomposition will lead to the development of offensive odors. In many 

locations, the putrescible nature of these wastes will significantly influence the design and 

operation of the solid waste collection systems. The over all rate at which the organic material 

decompose depends on their characteristics and to large extent on moisture content. If moisture 

is not added to wastes in a well compacted landfill it is not uncommon to get materials in their 

original form years after they are buried (Tchobanoglous et al., 1977). The results of the analysis 

showed that (Table 13) the moisture content of food wastes 69.05% is high and this agrees with 

that of Contreau’s estimation of moisture content for developing countries, 40-80% by weight 
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(Contreau, 1982). High moisture content inhibits incineration, creates difficulty in waste 

handling and reduces the calorific value of the waste component. The high moisture content of 

household generated food waste in Hawassa town  may be due to the high usage of fresh fruits 

and vegetables, and un processed food by the residents.  

Rubber has the highest calorific value of 9513.35 cal./gm amongst the waste component 

analyzed. This is because the calorific value (heating value) increases with decreasing moisture 

content. The high calorific value of rubber indicates the feasibility of energy recovery from this 

waste component. For example in Pakistan cities resalable waste collectors collect rubber waste 

and sell it to brick production factories. 

 

Ash: Materials remaining from the burning  of wood, coal, coke and other combustible waste  in 

homes, stores, institutions and industrial and municipal facilities for the purpose of heating, 

cooking and disposing combustible waste are categorized as ashes and residues. As it was 

discussed under waste incineration section, one of the most attractive features of the incineration 

process is that it can be used to reduce the original volume of combustible solid waste by 80-

90%. In some newer incinerators designed to operate at temperature high enough to produce a 

molten material, it may be possible to reduce the volume to about 5% or even less (Sharholy et 

al., 2008). From Table 13 the ash content after combustion for textiles (39.11%) is high when 

compared to other waste components. This indicates the burning of textile wastes to reduce its 

volume for disposal is less efficient with respect to the other waste components. Therefore, as it 

is practiced in Pakistan cities, it is advisable to collect textile wastes from waste stream and wash 

and recycle for car cleaning services. 

The volatile matter (loss on ignition at 9500C) for paper (79.8%) is higher than the other waste 

components.  In general incinerating the combustible fractions of the waste stream to recover 

energy highly reduces the volume of waste for final disposal. This in turn saves the durability of 

disposal areas and cost of disposal processes. 
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Table 13. Proximate analysis of some domestic solid waste components of Hawassa town.  

Waste 

component 
Moisture % 

Volatile 

matter % 

Fixed 

carbon% 
Ash % C.V cal/gm 

Food  69.05 64.83 14.37 14.28 3431.56 

Yard 51.2 65.58 18.20 11.62 4032.02 

Cardboard 3.25 76.63 12.19 7.92 3916.34 

Wood 10.85 71.64 19.37 5.14 4272.78 

Paper 2.25 79.8 7.31 10.62 4202.78 

Rubber 0.20 73.20 20.01 6.6 9513.35 

Leather 4.4 61.98 12.29 21.3 363.93 

Textiles 1.62 48.28 10.99 39.11 3504.21 

 

 

4.13. Socio economic conditions  

The income level of the households consistently surveyed (155) is indicated in Table 14. 

households were categorized into three groups depending on their family income. Thus 

households who earn less than or equal to 212.30 birr per month 111 (71.6%) HH were 

categorized under low income, those who earn 212.31 – 390.59 birr per month 28(18.1%) HH 

were categorized under middle income and Households that earn greater than or equal to 390.60 

birr per month 16 (10.3%) HH were categorized under high income groups. 

 Although the household solid waste compositions were not treated separately for low, medium 

and high income groups in this study due to budget and time constraints, a study conducted by 

Sharholy et al. (2008) in Indian cities indicated that the relative percentage of organic waste  

generally increases with decreasing socio-economic status, so low income households generate 

more organic waste than high income households. For example, in south India the extensive use 

of banana leaves and steams in various functions results in large organic content in the MSW. 

The same author reported that the percentage of recyclables (paper, glass, plastics and metals) is 

very low in solid waste stream generated by low income households because of rag pickers who 

segregate and collect the materials at the generation source, collection points and disposal sites.  
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According to CSA, 2004/05 report on household income, consumption and expenditure survey, 

42.6% of the households in Hawassa were categorized under high expenditure group (high 

income group), 27.2% and 30.2% Households were categorized under low and middle income 

groups respectively (Table1). For different socio economic survey conducted in Adama only 

16% of households were categorized under high income group whereas the rest 84% households 

were categorized under middle or low income groups (Lema Asfaw, 2007). In Addis Ababa 

91.5% of the population is low, 5.6% middle and 2.9% are high income groups (Yitayal Beyene, 

2005). 

According to Central Statistics Authority of Ethiopia, domestic expenditure of households is 

indirect indicator of households income level. When monthly income of household is distributed 

to its respective family members, majority of households come under low income level. This is 

may be due to most households supporting large family sizes with low income source. As 

indicated in Table 14, one hundred eleven households surveyed (71.6%) in Hawassa town were 

categorized under low income group, whereas middle and high income groups accounted for 

18.1% and 10.3% respectively.  

              

                    Table 14.Income levels of Households sampled and covered.  

Monthly income in birr Households Percent 

< 212.30 111 71.6 

212.31 -390.59 28 18.1 

>390.60 16 10.3 

      Total  155 100 

 

 

Economic status of households is one of the major factors which have direct impact on domestic 

solid waste generation rate. The Gross National Product (GNP) is strongly associated with the 

increasing volume of solid waste, but population is weakly associated with generation of solid 

waste (Wells, 1996 as cited in Lema Asfaw, 2007). 
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 Table15. Per capita income and average family size of households sampled and covered.  

Variables  Low income Middle income High  

Monthly income per capita  ≤212.30 Birr 212.31-390.59 birr ≥390.60 Birr 

House holds 111 (71.6%) 28(18.1%) 16(10.3%) 

Average family size  6.1 5.2 4.5 

 

 

Table16. Shows family size of consistently surveyed households. Households with family size of 

six persons accounted 15.5% (24HH) and family size of three accounted 13.5% (21HH) ranking 

the second. Households of family size of one and the largest family size twelve have the least 

proportions 2.5% (4HH) each. The average family size is about 5.8 which is slightly higher than 

that of over all family size of urban population of SNNPRG  that is 4.5 (CSA, 2007). 

 

The average family size for low, medium and high income groups are 6.1, 5.2 and 4.5 

respectively (Table 15). The household solid waste generation rate for low income group is 0.1 

kg/cap/day and for medium and high income groups it is 0.36 and 0.95 kg/cap/day (Fig. 4.2). 

This indicates that the waste generation rate is weakly associated with family size but strongly 

associated with household income and there is a big difference in waste generation rate between 

the income groups, especially between the low and high income groups. Regarding the volume 

of the waste generated by households, a household generates 2.63 L/HH/day for low income 

groups and 4.5 and 4.46 L/HH/day for medium and high income groups (Table 3). The volume 

of the waste generated by the medium and high income group is similar.  
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Table16. Family size of households sampled and consistently surveyed.  

Number of persons(n) Households (f) Percent nf 

1.00 4 2.5 4 

2.00 10 6.5 20 

3.00 21 13.5 63 

4.00 17 11 68 

5.00 19 12.3 95 

6.00 24 15.5 144 

7.00 18 11.6 126 

8.00 19 12.3 152 

9.00 9 5.8 81 

10.00 10 6.5 100 

12.00 4 2.5 48 

            Total 155 100 901 

 

 

As it was shown in Fig. 4.10, the source of energy for most households is wood, charcoal, cow 

dung, paper and yard. The use of electricity for most of the households is for light purpose. This 

is due to the lack of capacity to afford the cost of appliances working with electric power and 

service charges. Hence majority of the households build their kitchen (traditional kitchens) in the 

way that is suitable for them to use the above mentioned energy sources. Further the results of 

the survey showed that 112 households (72.3%) use wood, cow dung, yard trimmings, and 

charcoal as their main source of fuel. Only 15 households (9.6%) use kerosene and electricity. 

Ash is a common solid waste in majority of households. 

From Fig.4.11 about 120 households (77.4%) have traditional kitchens which use wood and 

other materials as sources of energy, which generate large amounts of ash, only 20 households 

(12.9%) have modern kitchen with suitable appliances installed in it and the remaining 15 

households (9.7%) have no kitchen they either use their living rooms or open spaces in their 

premises. These households also use wood, dung, yard and the like consequently contributing to 

the generation of ash waste.  
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As indicated in Fig.4.12. Of the surveyed households 83.5% have private toilet, 9.7% have 

shared toilet between households, 2.6% use public toilet and 3.8% have no toilet and use open 

spaces contributing to the sanitation problem of the town 

 

Fig.4.10, 4.11, 4.12. Socio-economic conditions contributing to household solid waste 

generation in Hawassa town. 

 
Fig. 4.10. Households sources of fuel for energy. 

 
Fig.4.11. Types of kitchen. 
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Fig. 4.12. Toilet facilities of households. 

 

4.2.14. Private Sector Participation  

There is now only one formal private waste management collection sector operating in Hawassa 

town. Private sector participation requires significant technical backup, especially in the areas of 

capacity building. An important factor for the success of private sector is the ability of the state 

government to support, enforce and sustain written contracts (Imam et al., 2007). These 

describes the service required and state penalties and other sanctions that would be applied in the 

case of failure to deliver. The solid waste service has been provided in Hawassa town by 

Yohanis Solid Waste Cleaning Enterprise, this private sector has the sole right to collect and 

dispose of all municipal waste from the town. The enterprise is also requested to collect user fees, 

from households, enterprises, hotels, shops and others to recover its operational cost. The role of 

municipality at present is protection of recreational areas and main roads from littering and 

supervising the performance of this private sector.  

 

According to the results of the survey only about 24% of the household surveyed have access to 

regular waste collection services (Fig.4.7) and except those who are the clients of the Enterprise 

non of the households surveyed have access to the collection sites, this shows that the over all 

coverage is low and needs urgent expansion. The biggest problem in improving waste collection 
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is the wastes are manually loaded and unloaded from vehicles, and animal pull carts, which takes 

long time for collection services. Private MSW handling may be an expensive venture which can 

be only sustained by high monthly charges (10 times those charged by city council) (Henery et 

al., 2006). For more affluent communities this is a wellcome. A large number of households 

surveyed 93 HH (60%) are paying for solid waste collection services. For those surveyed who 

are paying for solid waste collection services, 40HH (43%) said they are paying 2 birr per month, 

23HH (24.7%) said 5 birr per month, 20 HH (21.5%) and 10 HH (10.8%) 7 and 10 birr 

respectively (Table 20). Those households paying 5, 7 and 10 birr per month are willing to pay 

up to 7, 10 and 15 birr per month respectively for improved solid waste collection services. This 

shows the eagerness of the residents to have a cleaner environment. This is however not practical 

in suburban areas where incomes are too low, with privatization of MSW services in upper to 

middle income areas, local authority has to divert some of the services to the poor suburban areas 

communities where private service may not be affordable. Therefore local authority in Hawassa 

town has to provide service through training and hiring of qualified personals to improve the 

management of MSW and disposal. Further the local government has to approve the involvement 

of private sector through privatization of some of the services. 
                

                                     Table 20. Households paying for solid waste collection services in Hawassa town.  

Birr per month Households Percent 

2 40 43 

5 23 24.7 

7 20 21.5 

10 10 10.8 

              Total 93 100 
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5. CONCLUSION AND RECOMMENDATION: 

5.1. Conclusions 

 The average amount of HHSW generated in Hawassa town is about 0.2 kg/day per capita. 

Putrescible (biodegradable) wastes represents a significant proportion of the total HHSW 

and accounts for about 59.7% of the total HHSW production. So composting is a good 

method for the treatment and production of soil amendments. The remaining waste is 

made up of plastic (2%), paper (2.7%), metals (0.48%), rubber (0.5%), textiles (1.1%), 

glass (0.46), and Ash/dust or “fines” (31.3%). The high concentration of organic 

(putrescible) waste is related to the eating habit of the residents, like other parts 

population of Ethiopia, people in Hawassa prefer their food unprocessed with little 

packing.  

 

 Consideration of the composition of MSW can help to make the correct choices in 

importing MSW handling equipments. For example there is no need to import compactor 

trucks which are suitable to less dense MSW, dense MSW which needs no compaction 

but just needs hauling trucks which might be cheaper. There is a general lack of public 

awareness or concern regarding the waste issues, and wastes are taken to single poorly 

engineered land disposal (open dump) site. Other management issues that need to be 

taken in to account include creating a sense of clean environment through clean 

community awareness programs. These can help people to keep the environment clean. 

Regular activities such as clean up of the neighborhoods, schools, parks and road sides 

can help in changing attitudes even among the poor communities. 57.4% of HH in 

Hawassa town are in low to middle income group (CSA, 2004/5). This factor may affect 

the ability of the public to afford the solid waste services to be offered by private sector.  

 Currently at the HH level of waste generation and collection, there is no source 

segregation of compostable waste from other non-biodegradable and recyclable waste. 

Proper segregation would lead to better option and opportunities for recycling and reuse 

of waste, recycling and reuse of waste could lead to several advantages such as saving of 

valuable raw material resources of the country, reducing the need for landfill space, a less 

energy-intensive way to produce some products and employing labour in recycling 

industries. 
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 Organizing the informal sector and promoting microenterprises are an effective way of 

extending affordable services.  

 Promotion and development of recycling is a means of upgrading living and working 

conditions of itinerant waste buyers and other marginalized groups. The MSW in 

Hawassa is dumped on land in an uncontrolled manner, such disposal practices leads to 

problems that will affect human and animal health and result in economic, environmental 

and biological losses.  

 An open dump or an un controlled waste disposal sits  should be rehabilitated  

 It is advisable to move from open dumping to sanitary land filling in phased manner. 

 Land filling should be restricted to non-biodegradable, inert waste and other waste that 

are not suitable either for recycling or for biological processing.  

 The increase of the service demands combined with the lack of resource for the 

municipality of Hawassa town is putting huge strain on the existing MSWM systems. 

 . In general, the proper MMSW is determined by the attitudes of people towards waste, 

such as the ability to refrain from indiscriminate dumping. Socio-economic 

characteristics may determine attitudes such as the ability /willingness to recycle MSW. 

These attitudes however may be positively influenced by awareness building programs 

and educational measures. In another word it is the desire of the people that can keep the 

city clean. 
 

 Solid waste characterization using manual sorting is a costly approach, and it may cost 

more than 6530.40 birr per ton of waste sorted using some locally available materials 

(This does not include the cost of video camera and scale which were rented during the 

study and personal computers). 
 

 . Hawassa town has no sanitary landfill. Solid waste is collected by various informal 

sectors and only one formal private sector, transported to the dumpsite, and occasionally 

openly burnt to reduce the volume. This creates pollution problems for the environment 

through the release of particulate matter and harmful gases into the atmosphere.  
 

 MSW recycling in Hawassa is not well practiced, just like in other towns of the country 

(Ethiopia), recycling and resource recovery as the forms of waste management have not 

received the attention of the local government and the waste management authorities 

neither in the past nor in the present, Also there is no officially known material recovery 
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facility (MRF) in the region or in Hawassa town. Presently only glass and metals have 

high market values in the town. These are separated from the wastes either at the source 

or at the dumpsite by the scavengers and then sold to the itinerant buyers or “korallew”  
  

 The food waste contain large amount of moisture because of the high usage of fresh fruit 

and vegetables in Hawassa town.  

 

5.2 Recommendations 

A number of recommendations are made here, aimed at the improvement of the current MSWM 

in Hawssa town based on the discussions as presented in previous sections.  

 An improved waste storage and collection system is required. Each HH should use 

waste bins that are placed out side for ease of collection. In areas where this not 

appropriate, centrally located waste collection points should be established that are 

shared by a number of households.  

 The capacity of the private sector to provide effective waste collection services and of 

the municipal authority to supervise them should be strengthened.  

 . Wastes need to increasingly be sorted at sources, to separate materials that can be 

recycled and to reduce the amount of wastes requiring collection and disposal. 

Moreover introduce privatization of waste collection services in medium to high 

income households, and divert some of the public services to the poor sub urban 

residents.  

 Markets for recycled materials need to be encouraged both in Hawassa town and 

nationally.  

 All waste dumped along roads, in drainage channels, open spaces and other public 

places in Hawassa town need to be cleaned as a matter of urgency and the dump site 

should be fenced to protect grazing animals from eating plastics and other hazardous 

substances.    

 Study should be conducted on other waste generators to have a complete picture of 

the solid waste composition and generation rate of the town.  

 Regulations regarding littering and improper disposal of solid waste should be 

formulated and penalties should be imposed on violators.  
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 The Hawassa town municipality and the regional state government should allocate an 

adequate budget for WM so that the Hawsassa town WM department can perform its 

task appropriately. 

 Additional studies should be conducted in different seasons to compare the results of   

HHSW composition and generation rate with this study to establish the patterns and 

variability of solid waste characterization data collected by sorting wastes. 

 The waste collection workers should carefully cover the waste during transportation. 

 

 More effective involvement of the private sector and greater integration of the formal 

sector are recommended. Compositing of biodegradable wastes and increased waste 

recycling and resource recovery are identified as areas for further development 
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ANNEX 1 
Questionnaire for municipality 

 

1. Name _______________________  Position _________________ 

    Sex _________________________  Qualification _____________ 

1. Current population of the town _____________________________________ 

2. Total number of housing units ______________________________________ 

      Residential houses---------------------------------- 

      Non-residential houses----------------------------- 

3. The existing technical arrangement of SWM system of the town?  

___________________________________________________________________________

_______________________________________________________________ 

4. Is there private agency that is involved in the solid waste management of the town?  

Yes _________________  No ________________ 

5. If yes what is the responsibility and actual practice of this agency?  

___________________________________________________________________________

_______________________________________________________________ 

6. What are the challenges for proper management of the solid waste of the town? 

_________________________________________________________ 

____________________________________________________________________ 

7. Vehicles or trucks for collection and disposal service 

                     Owned by municipality                owned by private secter 

Existing unit______________                       ______________ 

Operational______________                         ______________ 

In demand______________                           ______________ 

Type__________________                            ______________ 

Capacity_______________                      

8. Estimate of solid waste generated  

Daily __________________ 

Weekly ________________ 

Annually _________________ 

9. Quantity of solid waste collected daily by  
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Municipality __________________ 

Private agency ________________ 

Total _________________________ 

10. Is there centralized composting of SW in the town?  

Yes _____________  No ____________ 

11.  Number of shared containers (community bins) for temporary storage (primary collections)  

____________________________________________________________ 

12. Manpower for collection and disposal services  

                              Municipality                                    private                                      

    Currently available __________                              ________ 

      In demand __________________                          ________ 

         

13. Are the collection and disposal services covers all corners of the town? Yes   _____________     

No __________________ 

14. Frequency of collection and disposal service provided by the municipality  

   Daily _______________________ 

   Once every two or three day’s _________________ 

   Once a week ________________________ 

15. Is there house-to-house collection service by the municipality?  

Yes ____________________  No ______________ 

16. Willingness of the residents to pay to have clean environment  

  __________________________________ 

17. How many public bins are there along the major roads for control of littering? 

______________________ 

18. Is there a problem in using these bins? Yes ______ No _____  

       If yes what type of problem? ______________________ 

19. What are the plans to improve SWM problem of the town?  

___________________________________________________________________________

_____________________________________________________ 
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ANNEX 2 

Table17. Households source of fuel for energy. 

Types of fuel Households Percent 

Wood, cow dung, yard, paper, charcoal 112 72.3 

Kerosene, electricity and charcoal 28 18.1 

Kerosene and electricity  15 9.6 

               Total  155 100 

 

                            Table18. Types of kitchen.  

Variables Households Percent 

No kitchen 15 9.7 

Traditional  120 77.4 

Modern 20 12.9 

     Total  155 100 

 

                               Table 19.Toilet facilities of consistently surveyed HH. 

Variables Households Percent 

Public toilet 4 2.6 

Shared toilet 

between HH 

15 9.7 

Private toilet 130 83.9 

No toilet 6 3.8 

      Total  155 100 
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            Table 8. Access to waste collection service by formal waste collector.  

Households Frequency Percent 

Regular  37 24 

Irregular and inadequate  118 76% 

      Total  155 100 

 

         

 

 Table 9. Frequency of waste collection service provided by the formal waste collector.  

Households Frequency Percent 

  Daily 0 0.0 

Once in two or three days 37 24 

Weakly 53 34.1 

Fortnightly 45 29 

Monthly 20 12.9 

Total  155 100 

 

  Table 22 Public attitude towards MSWM 
   

Responsible body Households Percent 

 Municipality 102 65.8 

Residents or individuals 31 20.0 

Both municipal and 

residents 

22 14.2 

             Total  155 100 
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ANNEX 3 
 

Questionnaire for socio- economic data collection from households  

 
1. Householder’s name __________________       Sex _______ 

 

House number _____________    Age _____         Education _____ 

2. Family size: Male ________________ 

                        Female _____________ 

   Total ________________ 

3. Income per month, (Birr) 

     ≤ 212.30 ___________________________,  

     212.31 – 390.59 _______________________, 

      ≥ 390.60 __________________________ 

4 Kitchen type: Modern ____________, Traditional  

5. Toilet facility   Yes________,              No________. 

Private_____________, shared_____________, dry pit___________ 

Public_____________, water flushed________. 

6. Source of energy ___________________________________ 

        Electricity________ 

        Electricity and kerosene____________ 

        Charcoal, wood, paper, dung ________ 

        Electricity, Charcoal and kerosene________ 

7. Do you have container for temporary storage of solid waste at your home?  

8. If yes, what type of container? 

9. Access for shared container (Community bins).  

     Yes_________ 

     No _________ 

10. If yes, Frequency of transporting solid waste to the container.  

    Daily ___________________  

    Once in two or there days __________________ 

    Weakly ___________________  
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11. In what way do you transport solid waste to the container?  

 By member of the household   __________________ 

            Paying for micro enterprise _____________________. 

12. Is there problem in using this container?  

 Yes __________________ 

 No __________________ 

13. If yes, what type of problem? ________________________ 

14. If your answer is no, for question number 8 where do you dispose of your solid waste?  

 On river bank _________________ 

 On the street __________________ 

 In abandoned fields _____________   

 In the drainage lines ___________ 

 Other _________________ 

15. Do you use waste for fuel?  

 Yes ___________  No ________________ 

16. If yes what type of wastes?  

_____________________________________________________________________ 

_____________________________________________________________________ 

17. Did you make compost at your home (use sold waste as soil fertilizer)? 

 No, have no interest _______________________ 

 No, have interest __________________________ 

 Yes _______________________________________ 

18. If yes, what type of waste?  

_____________________________________________________________________ 

_____________________________________________________________________ 

19. Did you sell household wastes?  

 Yes ______________   No _______________ 

20. If yes, what type of wastes and to whom?  

___________________________________________________________________ 

___________________________________________________________________ 

21. Access for house-to- house collection and disposal service. 

 Yes __________________  No __________________ 
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22. If yes by whom?  

 Municipality _________________ 

 Private agency _______________ 

23. Do you burn solid waste? 

 Yes _________________      No ______________ 

24. If yes, the frequency of burning  

 Daily _____________________ Monthly ______________________ 

 Weekly ____________________  once in two or three day’s ______ 

25. Do you reuse solid waste? 

 Yes _______________  No ___________ 

26. If yes, what type of waste and for what purpose? __________________ 

27. Willingness to pay to have clean environment  

 Yes ________________  No __________________ 

28. The collection and disposal services provided by the municipality or private agency.  

 Poor ______________ 

 Satisfactory ______________  

 Good _____________________ 

29. If your answer is poor, what is your suggestion to improve these services?  

 _________________________________________________________________________

____________________________________________________________ 
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ANNEX 4 
Data sheet for waste collected from individual household. 

House 

number 

Day 

1 2 3 4 5 6 7 Total 

W V W V W V W V W V W V W V 
W V 

                 

                 

                 

                 

                 

                 

                 

                 

                 

Total                  
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                                                                                ANNEX 5 

Data sheet for composition (weight kg and volume) for the waste collected from all income groups. 

 

 

No Waste category  

Day 

1 2 3 4 5 6 7 Total 

W V W V W V W V W V W V W V 
W V 

1 Puterscible                  

2 Paper                 

3 Textiles                 

4 Plastics                 

5 Rubber                 

6 Metals                 

7 Glasses                 

8 Ash/dirty                 

9 Miscellaneous                  

 Total                  




