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Characterization of Municipal Solid Waste Composition and Disposal 

System at Transfer Stations and Landfill Sites in Dilla Town, Ethiopia 

ABSTRACT 

Municipal solid waste is defined as discarded items from households, including bulky waste, 

waste from commerce and trade, institutions, small businesses, yard and garden, street 

sweepings, and market cleansing. Expansion in generation rate and quality of solid waste 

composition in municipalities coupled with ineffective management has led to severe 

environmental problems. This research was initiated to characterize the physicochemical 

property of municipal solid waste (MSW) in Dilla town. The extensive field investigation for 

data collection and laboratory analysis were used for quantification and analysis of the 

physicochemical property of MSW in selected transfer stations and landfill sites. A simple 

random sampling technique was applied to select the representative transfer stations from 

each sub-city, and purposively landfill was selected. The solid waste weight analysis method 

was applied for waste quantification, field observations, and key informant interviews were 

also used for data collection. The result of the study shows that the dominant solid waste of 

the municipality at transfer stations was organic which accounts (70%), followed by others 

(13%), textiles (7%), plastic (5%), paper (3%), medical (1%), and glass (1%) which gives 

us the direction of how we will try to reduce indiscriminate disposing of the waste to the 

landfill site. The percentage of organic waste at the landfill site is relatively low (36%), 

others (23%), demolish (13%), plastic (7%), textile (6%), stone (5%), shoes (4%), glass 

(3%), paper (2%), medical (1%). The municipal did nothing to organize the private sector 

to invest in recycling and reusing the waste. As a result, the waste is disposed to landfills, 

roadside, and open areas.  The result showed that a large proportion of the generated wastes 

is compostable and recyclable from which bio-manure can be reclaimed. Therefore, the 

municipality has to reduce the waste that goes to a disposal site through composting. It is 

better to organize the private sectors and enterprises to share the burden of the municipality 

in waste conversion to energy sources.  

Keywords: Dilla town, Landfill, Municipal, Physicochemical, Solid waste, Transfer station 

         



 

 

 

1. INTRODUCTION 

Municipal solid waste is defined as discarded items from households, including bulky waste, 

waste from commerce and trade, office buildings, institutions and small businesses, yard 

and garden, street sweepings, contents of litter containers, and market cleansing (Herat, 

2009). Municipal solid waste management (MSWM) is a complex issue that requires a large 

sum of money, manpower, and materials. The uncontrolled disposal of solid waste created 

a nuisance and contamination of water and soil. The limited knowledge and awareness 

regarding contamination, waste reduction techniques, and other solid waste management 

aspects magnified the problem in developing countries (Sharholy et al., 2008). 

The waste generation of municipal solid waste has increased radically, due to population 

growth, lifestyle, and technological development (F. Ayaa et al., 2014). The world’s urban 

population is increasing tremendously at a rate of 2.035% yearly (World Bank 2016a, 

2016b). This increment of population, urbanization, economic growth, and rise of the 

community living standards have significantly accelerated the municipal solid waste 

generation throughout cities which causes serious issues regarding public health, 

environmental degradation, and natural resources exhaustion (Mohammadi et al., 2019; 

Minghua et al., 2009). Human activities generate solid waste due to improper utilization of 

energy and resources (Laohalidanond et al., 2015).  

Countries with higher GDP produce more waste with a higher proportion of paper and 

packaging waste while countries with lower GDP produce more biodegradable waste 

(Shekdar, 2009). According to Sharma and  Jain, (2019), as the countries grow their solid 

waste management condition also grows, however rapid urbanization and population growth 

make the collection, disposal, and treatment of waste more and more problematic. In many 

developing countries Solid waste management (SWM) has become a serious challenge.   

The generated waste by urban residents is expected to get nearly double from 3.5 million 

metric tons/day in 2002 to more than 6 million metric tons/day in 2025, and $375 billion 

will be expected to be spent for its management in 2025 (World Bank, 2012). Moreover, 

treatment, processing operations, and transportation-related activities within SWM systems 

have adverse environmental, atmospheric, and social impacts. Efficient and timely 

management of solid waste throughout cities is imperative due to the inherent pollutants 
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which can seriously risk human health, ecosystems, soil, water, and atmosphere (Edalatpour 

et al., 2018).  

One of the challenges that the city authorities in the world and the major concern of every 

nation of the world regarding environmental development face is the management of solid 

waste (Miezah et al., 2015). The issue of solid waste management has become a vanguard 

to the global environmental agenda at an increasing frequency and it is an issue mostly 

witnessed in urban areas (Al-Khatib et al., 2010). The substantial increase in the amount of 

solid waste being generated and variation in solid waste composition as a result of 

population expansion, urbanization, economic growth, intensive use of packaging goods, 

informal settlement, urban agriculture, improvement of living standard and food habit which 

are a challenge of cities (Ezeah and Roberts, 2012), and makes continue increasing SWM 

more challenging in urban areas (Hoornweg et al., 2013).  

The rapid urban population growth has resulted in land use and infrastructural challenges, 

including municipal solid waste management. As a result, the current municipal solid waste 

is increasing in both quantity and composition throughout the world (Ma and Hipel, 2016). 

However, the effectiveness of SW collection and disposal is declining (EMEGHSHW, 

2013). To find substitutes for unsustainable practices and to integrate action plans that 

sustain waste management, understanding the challenges is very important (Ikhlayel, 2018).  

The central idea of SWM is to preserve natural resources, protect the environment, and 

safeguard the health of the population (Munala and Moirongo, 2011). The choice of waste 

management systems depends on decisions by city leaders as well as strategic structures 

related to the nature, quality, and quantity of waste produced. However, waste management 

is a challenge that local authorities and researchers address using multidisciplinary 

approaches ranging from the humanities to exact sciences (Francois et al., 2006).  

The level of development of a country has an impact on its waste management choices (Hefa 

Cheng et al., 2007). Mostly, developed countries utilize various methods for waste 

management which give way to renewable energy forms and the emergence of new products 

such as compost (Riber et al. 2009). Whereas the collection rate in developing countries 

ranges between 30% to 50% and the collected waste is disposed of through an uncontrolled 

landfill (Tan, 2012).  As Hazra and Goel (2009), indicated the collection, transfer, and 
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transport practice are affected by inappropriate bin collection system, poor route planning, 

lack of collection schedule, and insufficient infrastructure (Moghadam et al., 2009), poor 

roads, and the number of vehicles for waste collection (Henry et al., 2006). However, as 

indicated by Sharholy et al. (2008) organizing the informal sector and increasing micro-

enterprise are effective ways of extending affordable waste collection services.  

Estimating the quantity and composition of generated waste with fast urbanization and 

population growth helps local governments to select appropriate SWM technology and plan 

for future demands. According to Parrot et al. (2009), there are insufficient studies focused 

on waste characterization in waste management planning in African cities which hinders 

their decision-making in regards to adapting waste management as a tool of environmental 

protection. However, waste characterization is the prerequisite for developing management 

strategies and for maintaining up to date data.  

Municipal solid waste in urban areas contributes to 70 percent of the total waste generated 

in Ethiopia (Kneeland and Knutson, 2012). The Ethiopian government has begun taking 

steps to address environmental and social challenges associated with municipal waste 

management, which remains a great deal of inefficient, and environmental degradation due 

to the current waste management system (Asmamaw, 2015). To improve the effectiveness 

of SWM, the government has tried to decentralize waste management responsibility to the 

local authorities.  As Palcyzynski (2006), indicated a lack of sufficient budget, limited 

investment, and administrative weakness have hampered the municipalities to deliver the 

expected responsibility. 

All the chartered cities and the certified smaller urban centers are mandated to provide, 

maintain, and supervise environmental health services along with other activities in their 

areas (Tadesse, 2004). Besides their routine administrative duties, the sanitarians assigned 

to the regional health departments and environmental health centers can only afford to attend 

to emergency cases especially water pipe outbursts and toilet flooding.  

One of the most intimidating challenges of urban centers in developing countries like Ethiopia is 

proper waste management (Regassa et al., 2011). Currently in Dilla, solid waste is increasing beyond 

the management of the municipal governors, this fact can be observed by strolling on the street of 

Dilla town, where residents might not find it strange to see overflowing garbage skips often rendered 
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for their decomposed smell. Despite, government's procedural mechanisms put in place to cope with 

the problem, the matter of solid waste disposal seems far from being resolved due to the lack of 

technology, technical know-how, financial capacity, institutional structure, and understanding of the 

community required to properly manage solid wastes by the service providers (Tesema, 2010). The 

basic factors which have hindered the management of solid waste in Dilla town consequently 

escalated to an inefficient and ineffective means of SWM capacity. This gap directed the 

researcher to examine the physicochemical properties and current solid waste management 

practice. To verify the composition of the solid waste municipality and current solid waste 

management effectiveness and recommendation for the problem remedial. 

A considerable percentage of solid wastes generated in Dilla town are either deposited on 

the roadsides, a drainage system, and open areas that adversely affect environmental 

hygiene. Inappropriate collection and disposal of solid waste poses various threats to public 

health and adversely affects flora and fauna. Dilla town seems to be accustomed to dirt which 

indiscriminate discharge of garbage into drains and roadside have seen every day. The major 

effects of poor solid waste management in Dilla town include the blocking of drainage, 

unaesthetic, and indiscriminate dumping site.  

Most of the solid wastes that are generated in the town dumped in open areas. So far, there 

is a lack of design and implementation of sustainable municipal solid waste management 

systems which propose alternative management strategy rather than dumping the wastes and 

document waste composition to have the necessary data to propose a better handling system. 

The general objective of the study was to characterize the municipal solid waste of Dilla 

town at the transfer stations and landfill sites. Specifically, two objectives were formulated. 

✓ To characterize the types and composition of solid wastes at the transfer stations and 

dumping sites.  

✓ To assess the current practices of solid waste management of Dilla town. 
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2. LITERATURE REVIEW 

2.1. Solid Waste Concept 

Solid waste is used to describe non-liquid waste material arising from domestic, trade, 

commercial, and public services. It comprises countless different materials Dust, food 

wastes, packaging in the form of paper, metal, plastics or glass, discarded clothing, garden 

wastes, pathological waste, hazardous waste & radioactive waste (Modak and Nangare, 

2011). The properties of solid waste produced differ in different countries. A country with 

a higher GDP produces more waste with a higher proportion of paper and packaging waste 

while countries with lower GDP produce more biodegradable waste (Shekdar, 2009).  

Solid waste is unwanted or useless solid materials generated from combined residential, 

industrial, and commercial activities in a given area. It may be categorized according to its 

origin (domestic, industrial, commercial, construction, or institutional); according to its 

contents (organic material, glass, metal, plastic paper, etc.); or according to hazard potential 

(toxic, non-toxin, flammable, radioactive, infectious, etc.). Management of solid waste 

reduces or eliminates adverse impacts on the environment and human health and supports 

economic development and improved quality of life. Several processes are involved in 

effectively managing waste for a municipality. These include monitoring, collection, 

transport, processing, recycling, and disposal.  

Hazardous wastes are solid wastes which either exhibit a hazardous characteristic 

(ignitability, corrosivity, reactivity, or toxicity), whereas solid (non-hazardous) waste is 

defined as any garbage, refuse, sludge from a waste treatment plant, water supply treatment 

plant, or air pollution control facility and other discarded material, including solid, 

liquid, semi-liquid, or contained gaseous material resulting from industrial, commercial, 

mining, and agricultural operations and community activities, but does not include solid or 

dissolved material in domestic sewage (Benny, 2005).  

According to the UN (2014), 54% of the world population lives in urban areas which are 

estimated to increase up to 66% or more by 2050, while the world population is expected to 

add 2.5 billion people to the urban population. This rapid urban population growth has 

resulted in land use and infrastructural challenges, including municipal solid waste 

management. The current municipal solid waste is increasing in both quantity and 
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composition throughout the world (Ma and Hipel, 2016). Even though the world cities' 

amount of waste generation is increasing, the effectiveness of its collection and disposal 

system is declining (EMEGHSHW, 2013).  

Solid wastes are wastes that arise from human and animal activities, including the 

heterogeneous mass of garbage from the urban community as well as more homogenous 

accumulation comprising of many different materials such as food wastes, packaging 

material such as paper, metals, plastic, glass, construction wastes, pathological wastes, and 

hazardous wastes. Rapid population growth and urbanization in developing countries have 

led to the generation of enormous quantities of solid wastes and, consequently, 

environmental degradation. 

In urban areas, solid waste is generated by domestic households, commercial and industrial 

enterprises, and health care and institutional activities, as well as on the streets. Street refuse 

contains a mixture of rubbish from many sources because roads are used as dumping ground 

by all generators of waste. Where sanitation facilities are lacking, and a large animal 

population roams the streets, street refuse contains a lot of human fecal matter and manure. 

Roads are also often used for extensive dumping of construction, and demolition debris 

attracts further dumping solid waste. 

2.2. Sorting of waste 

Waste sorting makes its management easy and simple, which is a kind of activity separating 

various types of wastes in their respective nature (Poon et al., 2001). It takes place at various 

levels in the waste management process such as the first-level at household, second-level 

street boys, private-sector enterprise, and scavengers at the landfill (Mata-Alvarez et 

al.,2000). According to (Amiga, 2002) segregation of solid waste at the sources is not carried 

out, out of the amount of waste generated 80% is dumped, the low percentage being reused, 

or recycled at the household level (Amiga, 2002). The purpose of separated waste is different 

for different areas and income groups. Households give the waste to their neighbors who 

use it for various purposes. The manure is used to plaster walls and floors and for fuel when 

dried up, whereas the grass and matt leaves are fed to domestic animals in rural kebeles 

(Basha, 2007).  
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The type of container, location of the container, and the contamination of waste components 

affect the storage of putrescible materials which decompose rapidly and hence must be 

collected quickly (Solomon, 2011). The collection of SW involves the process of picking up 

wastes from collection points, loading them into a vehicle, and transporting them to the 

disposal site. Disposal of SW is the condition of municipal solid waste management services 

in different towns of Ethiopia is also becoming a challenge for municipalities. For instance, 

according to Birke's (1999) cited in Degnet's (2003) study of municipal solid waste 

management practices of 15 regional cities of Ethiopia, a controlled solid waste disposal 

system was practiced in only two of them. That means small proportions of the urban 

dwellers are served and a large quantity of solid waste is left uncollected. 

2.3. Waste Generation, Treatment, and Disposal 

Increment of waste generation rate due to fast urbanization, population growth, changing 

lifestyles, and consumption patterns contribute to the challenges facing solid waste 

management (Sharholy et al., 2008). The generation rate of waste is influenced by family 

size, education level, and monthly income (Sujauddin et al., 2008). According to Ekere et 

al. (2009), gender, peer influence, land size, and location of households explain household 

waste utilization and separation behavior.  As a result, solid waste management is considered 

a big environmental and public health concern in many developing countries. Solid waste 

management is often characterized by low spatial coverage, inefficient collection, lack of 

appropriate technology and infrastructure, improper disposal, and limited data on waste 

generation (Njoroge et al., 2014). Due to the complexity of SWM, managing such a huge 

quantity of waste sustainably is one of the biggest challenges of the world. 

There is a positive correlation between the quantity of waste generated with the economic 

growth of the nation, population increment, urbanization, and industrialization (Rana et al., 

2015). The majority of human activities inevitably result in the generation of waste, due to 

the imperfect utilization of energy and resources. It seems that the production of waste 

cannot be avoided and its generation is closely related to economic, population growth, and 

changes in consumption patterns. There are numerous definitions of what exactly constitutes 

waste, and many classifications, which attempt to categorize waste flows. According to the 

European Environmental Protection Act (1990), “waste is any substance which constitutes 
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scrap material or any effluent substance arising from the application of a process, or any 

substance which requires to be disposed of as being broken, worn out, contaminated”.  

Urban waste generation increases 5% per year which makes the collection of municipal solid 

waste a key part in supporting public health (Desta et al., 2014). Moreover, in urban areas 

of Ethiopia, solid waste management is becoming a key public and environmental concern 

where only 2% of the population get the services (Kassa, 2010). In developing countries, 

30% to 60% of the generated solid wastes are left uncollected (Ngoc et al., 2009), which is 

true in Ethiopia in general and Dilla as well particularly.  

Anthropogenic activities in society generate large quantities of wastes posing a problem for 

their disposal (Chandra and Devi, 2009). Almost all human activities create some amount 

of waste. The rapid increase in volume and types of solid and hazardous waste as a result of 

continuous economic growth, urbanization, and industrialization is an up and coming 

problem for national and local governments to ensure effective and sustainable management 

of waste. Knowing waste generation rates and waste composition is essential for proper 

waste management planning. 

Understanding the factors that influence waste generation can help save millions of dollars 

and promote greenhouse gas mitigation (Statistics Canada, 2005). Based on the concept of 

the “3Rs,” a waste hierarchy was first introduced into a European waste management policy 

in1975, which showed that waste should be handled differently based on its characteristics 

(Association of Municipalities of Ontario, 2005). This hierarchy of waste management 

options is an established framework that deals with two fundamental requirements. First, 

produce less waste and then implement an effective system for managing the trash that is 

still produced (McDougall et al., 1999). Second, jurisdictions that integrate this waste 

hierarchy in their solid waste management plans have had more success in diverting waste 

from landfills (Association of Municipalities of Ontario, 2005).  

Waste treatment techniques seek to transform the waste into a more manageable form, 

reduce the volume or reduce the toxicity of the debris thus making the waste easier to dispose 

of. Treatment methods are selected based on the composition, quantity, and form of the 

waste material. Some waste treatment methods being used today include subjecting the 

waste to extremely high temperatures, dumping on land or landfilling, and the use of 
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biological processes to treat the waste.  It should be noted that treatment and disposal options 

are chosen as a last resort to management strategies reducing, reusing, and recycling waste. 

The Waste Management Hierarchy which is minimization, recovery, and transformation, 

and disposal, has been adopted by the most industrialized nation as the menu for developing 

solid waste management strategies. The extent to which anyone's option is used within a 

given country varies depending on several factors such as topography, population density, 

and transportation infrastructure, socioeconomic, and environmental regulations (Pharino, 

2017). 

Waste disposal is the final stage in solid waste management, and all the wastes whether they 

are residential, commercial, or from any other sources, are collected and transported to a 

final distention. It may be a landfill site or an incinerator or some different mode of disposal. 

In most of the third world countries solid wastes are disposed of around cities and towns 

along the roads, which gave rise to several problems like pollution due to smoke, water 

pollution due to leachate, blockage of drains and sewers due to plastics, and health hazards 

to workers and rag pickers and humans living nearby areas. Due to these reasons, the safe 

disposal of solid waste is essential for safeguarding public health, the environment, and 

wildlife as well.  

It is the most critical management activity which needs carefully planned. Open dumping in 

low-income countries is used as their formal disposal system (Guerrero et al., 2013). 

Likewise, in Dilla town, all the solid waste collected by the municipality is brought to an 

open dumping site which is found in the Walleme landfill site of the town. 

2.4.  Collection, Storage, and Transport  

Solid waste management is a complex procedure comprising waste collection, transfer 

station, treatment approaches, and energy recovery (Dewi et al., 2010). In many developing 

countries like Ethiopia, solid waste management is one of the major challenges. Solid waste 

collected from households, agro-industries, and food industries dumped in open lands and 

open dumping sites is the challenge Ethiopian cities face. A study conducted in Ethiopian 

cities indicated that inadequate solid waste management has resulted in the accumulation of 

solid waste in open lands, waterways, and drainage (Beyene et al., 2011). It is accepted 

worldwide solid waste disposal to landfills is not an efficient approach for the management 
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of solid waste due to the scarcity of land, especially in large cities where land values have 

increased as a result of population increment (Jin et al., 2006).  

Solid waste management systems in developing countries deal with many difficulties, 

including low technical experience and low financial resources, which often cover only 

collection and transfer costs, leaving no resources for safe final disposal (Collivignarelli et 

al., 2004). Agyepong (2011), estimated that a significant urban planning challenge is the 

inability of city authorities to design and settlements that will effectively deal with the issue 

of environmental sanitation, and cities have resulted in increased population coupled with 

increased socio-economic activities. 

The solid waste management chain requires intensive use of Environmental Sound 

Technology (EST) for its activities, which could be as simple as containers for primary 

collection to as complicated as incinerators for disposal of hazardous waste (UNEP, 2009). 

After the 1990s, as MSW policies became more complicated, the factors to be considered 

also increased; hence, several MSWM models with deeper analysis emerged. 

Municipal solid waste management is not only recognized as protecting human health but it 

plays a vital role in environmental sustainability, social and economic which know as triple 

bottom line (TBL) wellbeing (Cervantes et al., 2018). Social well-being, local resources, 

and the environment have been adversely affected by inadequate municipal solid waste 

management (Yukalang et al., 2017). However, the factors considered in MSWM models 

tend to be mainly economic (e.g., system cost and benefit), environmental (air emission, 

water pollution), and technological (the maturity of the technology) (Su et al., 2007; Vego 

et al., 2008; Tseng et al., 2008a; Tseng, 2009). 

During the past 20 years, there has been an increasing awareness in industrialized nations 

that the vast growing quantities of refuse are an indication of wasteful use of resources. 

Conservationists support the separation of valuable materials from refuse. In developing 

countries, everything of value is already separated for recycling. The refuse contains both 

putrescible and non-putrescible components. The putrescible components include food, 

wood, paper, leather, flower, vegetable, and ash. That non-putrescible is metal, glass, 

plastics, foils, hair, and bones. 
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Characterization of solid waste is important in evaluating alternative equipment needs, 

systems, and management programs and plans, especially concerning the implementation of 

disposal and energy and resource recovery options. It depends on several factors, such as 

food habits, cultural conditions, and socio-economic and climatic conditions. Refuse 

characteristics vary not only vary from city to city but within the city itself and also 

seasonally. 

In Africa, less than only half of the solid waste produced is collected, and 95% of that 

amount is indiscriminately thrown away at different dumping sites on the periphery of the 

urban center (Regassa et al., 2011)).  Several studies have been conducted on municipal 

solid waste management in many cities of developing country like Ethiopia, where the waste 

management is insignificant and dumped along roadsides and open areas, threatening health 

and attracting vermin, and posing a serious threat to the environment ((Fang et al., 2012; 

Tadesse et al., 2008). 

2.4.1. Collection of Wastes 

In many cities of Ethiopia, the municipality administration is responsible for waste 

collection. Though there is a wide variation in performance concerning waste collection in 

cities of Ethiopia, it has become a common business practice for household waste to be pre-

collected by individuals who are organized through formal or informal associations. The 

pre-collected waste is then transferred into containers which are then collected by 

municipalities. Nevertheless, in many cities, there are not enough containers to cover the 

population, and vehicles are typically under maintenance or out of service for long periods.  

The collection of SW involves the process of picking up wastes from collection points, 

loading them into a vehicle, and transporting them to the disposal site. Disposal of SW is 

the condition of municipal solid waste management services in different towns of Ethiopia 

is also becoming a challenge for municipalities. Small proportions of the urban dwellers are 

served and a large quantity of solid waste is left uncollected. 

Physical handling of solid waste and recyclables (storage, collection, transport, and 

treatment) is just one SWM activity. MSW collection schemes of cities in the developing 

world generally serve only a limited part of the urban population. The inhabitants who left 

without waste collection services are usually in the low-income population (World Bank, 
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2008). The collection of solid wastes is the costliest part of waste management and a proper 

collection system design can reduce the cost significantly. The collection system will be 

operated either by the public or by municipalities and corporations. Collection frequency is 

based on the cost as well as the requirements of the locality. The residential wastes usually 

contain food and other putrescible materials frequent collection of these wastes is desirable 

for health and aesthetic reasons.  

Operational inefficiencies, inappropriate technologies, or deficient management capacity of 

the institutions involved also give rise to inadequate service levels. Concerning the technical 

system, often the conventional collection approach developed and used in industrial 

countries is applied. As an alternative to large (often international) companies that can 

provide most or all of the solid waste services in a city, microenterprises, small enterprises, 

or community-based organizations (CBOs) can provide services at the community level 

(neighborhoods or the small city administrative zones). They use simple equipment and 

labor-intensive methods; therefore, they can collect waste in places where the conventional 

trucks of large companies cannot enter (Herrle et al., 2005). 

2.4.2. Storage Containers 

Appropriate storage containers are required to save energy and labor and increase the speed 

of collection and reduce the crew size. The containers must be functional to the type of 

materials and the collection vehicles used. Containers should also be durable, easy to handle, 

economical as well as resistant to corrosion, weather conditions, and metals, glass tips, etc. 

Usually, these are made up of thick plastics. When a mechanized collection system is used 

the containers are specially designed to fit the truck-mounted loading mechanisms. The type 

of container, location of the container, and the contamination of waste components affect 

the storage of putrescible materials which decompose rapidly and hence must be collected 

quickly (Solomon, 2011). 

2.4.3. Collection Crew 

Waste collection service is one of the chief components of municipal solid waste 

management. The survey showed that containers are placed in some neighborhoods. 

However, the numbers of containers are not enough for waste generated, and a portion of 

the neighborhoods are obliged to throw their garbage into an open area. Some of the 
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households, who are not enjoying municipal services, have their way of household waste 

disposal. Only 65% of the MSW generated in Addis Ababa is collected and disposed of by 

the municipal in the landfill, about 5% is recycled, 5% composted and the rest 25% is 

dumped in an uncontrolled environment like on/in streets, empty spaces, and river banks 

(AASBPDA, 2003). 

Detailed route configuration and collection schedules need to be developed for the selected 

collection system. Proper routing of collection vehicles can decrease the costs by reducing 

the labor spent on collection. The size of each route depends on the amount of waste 

collected per stop, the distance between the stops, loading time, and traffic conditions. If the 

disposal site is far from the collection area, a transfer station may be justified where smaller 

collection vehicles transfer their loads to larger vehicles, which further carry the wastes to 

longer distances. 

2.4.4. Collection Vehicle 

The collection vehicles may be small and simple or large, complex, and energy-intensive. 

The most commonly used vehicle is the dump truck fitted with a hydraulic lifting 

mechanism. The collection vehicle selected must be suitable for the terrain type and density 

of waste generation points. According to Dawit and Alebel (2003), the amount of solid waste 

in Addis Ababa and other fast-growing areas in the country has been increasing over time, 

largely attributed to the rapid population growth rate. They also indicated that from the total 

solid waste released by the population in the city, about 50-60% was collected and the rest 

was unattended. Moreover, the municipality has increased its coverage to about 85% 

(AACG-SBPA, 2005). 

2.4.5. Transfer Stations 

The transfer station is a solution to an area where the production amount of waste is not 

homogeneous and its transportation is costly, to minimize the number of uncontrolled waste 

disposal areas and facilitate a sustainable waste management process (Ağaçsapan and 

Çabuk, 2020). It is an integral part of waste management systems. In the transfer station, 

wastes are consolidated from multiple sources for more economical shipment to the final 

disposal sites (Bovea et al., 2007). While using transfer station greenhouse gas (GHG) 
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emissions from waste collection and the required number of waste disposal can be decreased 

(Rafiee et al., 2011). 

It is the centralized facility where waste is unloaded from a smaller collection vehicle and 

reloaded into a large vehicle for transport to a disposal or processing site. This transfer of 

waste is frequently accompanied by the removal, separation, or handling of wastes. In the 

areas where wastes are not dense, they may be compacted at the transfer station. A transfer 

station is needed because of the technical limitations of smaller collection vehicles and to 

lower the transport cost by using larger vehicles. 

The use of a transfer station is a sound practice when there is a need for vehicles servicing 

a collection route to travel a shorter distance, unload, and return quickly to their primary 

tasks of waste collection. However, establishing of transfer station will be a financial burden 

to the authority. The benefits of using the transfer station during the waste management 

process can be summarized as follow: energy efficiency, emission reduction, and social 

health.  To have these benefits, the transfer stations must be located in appropriate locations 

(Azadeh et al., 2018). 

2.5. Composition of municipal solid waste 

Waste composition varies depending on different socioeconomic factors such as level of 

economic development, culture and demography, and energy sources (Pharino, 2017). The 

waste sorted further segregated into different sub-fraction and analyzed by their weight as 

well as percentage composition as described by Pitchtel (2005) and ASTM D5231-92 (2008) 

such as organic, paper, plastic, metals, glass, rubber and leather, textile, ash, and others 

/miscellaneous (fraction of wastes not fit in the categories).  

Characterization of solid waste is important in evaluating alternative equipment needs, 

systems, and management programs and plans, especially for the implementation of disposal 

and energy and resource recovery options. Solid waste can be classified by source (e.g., 

residential, commercial, industrial, etc.) or by composition (e.g., organic, paper, glass, etc.). 

Accurate information about solid waste by source and composition is necessary to control 

existing waste management systems and to make regulatory decisions. In this study, MSW 

is characterized as having a residential, commercial, institutional, construction, or industrial 
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source and includes newspaper, durable and non-durable goods, wood, containers and 

packaging, food waste and yard trimmings, and miscellaneous inorganic wastes. 

The waste composition also varies with the socio-economic status within a particular 

community since the income determines the lifestyle, composition pattern, and cultural 

behaviors (https://ces.iiseernet.in /energy/ SWMTR/ TR85.html). Various factors influence 

the composition of the wastes. These include geographic location, seasons, collection 

frequency, population diversity, salvaging and recycling, public attitude and legislation, etc. 

The influence of geographical location is related primarily to different climates that 

influence both the amounts of solid wastes generated and the collection operation. The 

amount of garden and yard wastes collected in any country is related to the climate.  

The season of the year is also important. For example, in the rainy and summer seasons, 

food and vegetables will decay faster, than during the rest of the seasons. Based on the 

frequency of the collection, the composition also varies. The attitudes of the population also 

influence the waste composition. The amount of waste generated in terms of paper, plastics, 

and other recyclables are always more in the high-income groups than in low-income 

groups. The attitude of the public is another aspect, which influences the waste composition. 

Significant reduction in the solid waste is possible when the people are willing to change 

their own choice, their habits, and lifestyles to conserve the natural resources and reduce the 

economic burden associated with the management of solid wastes. 

2.6. Solid Waste Management Proclamation 

A wide range of policies could be available at the international, national, and local levels. 

At the international level, various multilateral and bilateral treaties and agreements, 

including basal conventions are available. National policies may have more than one 

perspective: they may help to improve SWM for local conditions and/or they may assist to 

comply with international treaties and agreements. Furthermore, local policies could have 

importance as in many countries, SWM is a local issue dealt with by local governments 

(UNEP, 2009). 

Municipalities play a central role in solid waste management activities in Ethiopia.  

Traditionally, solid waste collection and disposal has been the responsibility of the urban 

administrations. Moreover, Solid Waste Management Proclamations 513/2007 urges urban 
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administrations to establish a solid waste treatment facility. Article 14 of this proclamation 

states that urban administrations shall ensure that (Federal Negarit Gazeta, 2007): Solid 

waste disposal sites are constructed in conformity with the relevant federal environmental 

standard and are properly used, any new solid waste disposal site being constructed or an 

existing site undergoing any modification has had an EIA according to the relevant law. 

2.7. A modern form of landfills 

Municipal Solid Waste management is one of the most vital issues in contemporary urban 

environments; particularly in developing countries (Swati and Vikram, 2010). In many 

cases, municipal wastes are not well managed in developing countries, as cities and 

municipalities cannot cope with the accelerated pace of waste production and waste 

collection rates are often lower than 70 percent in low-income countries. More than 50 

percent of the collected waste is often disposed of through an uncontrolled landfill, and about 

15 percent is processed through unsafe and informal recycling (Chalmin and Gaillochet, 

2009). 

Sanitary Landfills are designed to greatly reduce or eliminate the risks that waste disposal 

may pose to public health and environmental quality. They are usually placed in areas where 

land features act as natural buffers between the landfill and the environment. It is essentially 

an earthen pit, where the environmental risk is controlled at an appropriate and acceptable 

level and where after disposal, land can be made available for other purposes. The purpose 

of landfilling is to bury or alter the chemical composition of the wastes so that they do not 

pose any threat to the environment or public health (Jones et al., 2006). Landfills are not 

homogenous and are usually made up of cells in which a known volume of waste is kept 

isolated from adjacent waste cells by a suitable barrier. Barriers between the cells commonly 

consist of a layer of natural soil or clay, which checks the downward or later escape of the 

waste components or leachate. If properly executed, it is a safer and cheaper method than 

incineration (Tamronglak, 2005).  

The feasibility of the land disposal of solid waste depends on factors such as type, quality, 

quantity, and characteristics of wastes, legal aspects, and soil and site characteristics. The 

microbial degradation process is the most important biological activity occurring in sanitary 

landfills. These activities also influence the physical and chemical changes in the waste 
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mass, which determine the quality of leachate and the quantity of landfill gas. Assumed that 

landfills mostly receive organic wastes, the microbial process will dominate the stabilization 

of waste. 

A Sanitary landfill is an engineered method of disposing of solid wastes on land in a manner 

that protects human health and the environment. Waste is spread in thin layers, compacted 

to the smallest practical volume, and covered with soil or other suitable material at the end 

of each working day (Tamronglak, 2005). 

2.8. Sustainable and Integrated Solid Waste Management 

The contribution of solid waste management in improving sustainable development has 

become apparent (Ikhlayel, 2018). However, the management failures that SWM is facing 

lead to resource loss and limited waste management approach to emergencies and response 

maintenance (Galante et al., 2010). The technical, sociocultural, ecological, and political 

problems are complex issues that SWM encompasses (Chang et al., 2011). Proper 

management of solid waste is a serious problem in developing countries due to high 

population growth, unplanned and rapid urbanization, and serious health problems due to 

inadequate public services (Guerrero et al., 2013).  

Inappropriate regulations, social control, low technical experience, and low financial 

resources that leave no resources for final safety handling must be addressed (Yukalang et 

al., 2017). As Aid et al. (2017) indicated, sustainable solid waste management is needed to 

reconsider such challenges as they drive unsustainability approaches and attitudes to 

developed and to realize these challenges. To avoid the short-term and long-term negative 

effects on the ecosystem and public health, sustainable MSWM can be implemented 

comprehensively by considering the triple bottom line (Tan et al., 2014).  

To find substitutes for unsustainable practices and to integrate action plans that sustain waste 

management understanding the challenges are very important (Ikhlayel, 2018). Highlighting 

these challenges is a significant step towards improving waste management consequences 

and implementing alternative solutions. An all-inclusive resource for a comprehensive, 

critical, and informative evaluation of waste management options in all waste management 

programmers need reliable waste management data (Hanc et al., 2011). 
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Unfortunately, fundamental statistics of solid waste are lacking in many developing 

countries (Buenrostro et al., 2001) and inconsistent due to it comes from different sources 

that cannot be validated and sometimes based on the assumption (Ranjith, 2012). The 

cumulative effect of these misleading data is often a source of confusion for an investor who 

may want to do business doubt. Ethiopia is no exception to this data deficit problem.  

Sustainable and integrated SWM recognizes that willingness to pay is affected by 

perceptions of the service quality received and by the involvement of stakeholders in 

decision making; it, therefore, places a high priority on keeping stakeholders informed about 

and involved in issues and proposals. Furthermore, it looks for ways to enable communities 

to be responsible and for individuals to take action in ways that build public cooperation 

with the service. Sustainable and integrated SWM is open to all viable parties, including 

women and microenterprises, which can contribute to the economic provision of services. It 

also allows for the flexible service levels and conditions desired by the residents and 

establishments receiving service.  

Sustainable and integrated SWM provides workers with uniforms and safe working 

conditions and defines clear collection routes and verifiable performance tasks and outputs. 

It establishes management information systems that enable cost-effective accounting and 

overall cost-related performance monitoring to ensure efficient and reliable waste 

management (Al-Khateeb et al., 2017). 

2.9. Conversion of Waste to Resources 

As Rockstrom et al. (2009), inefficient use of resources has stressed and surpassed safe 

operating conditions for humanity within the biophysical environment. Increment growth in 

resource utilization and consumption has resulted in a shortage of materials and sustained 

environmental impacts that are now adversely affecting human well-being (UNEP, 2016). 

The way we extract, process, use, and dispose of resources, has resulted in the dual crisis of 

waste generation and resource scarcity (Velenturf and Purnell, 2017). Negative impacts of 

unsustainable resource utilization on the environment, society, and economy, it is important 

to make a shift towards a sustainable economic system in which we make better use of 

resources (Macaskie et al., 2019). Resource recovery from waste indicates a transition stage 

towards a sustainable economy. The strategies in the circular economy include a design for 
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durability, reuse, recycling, and recovering materials, energy recovery, and controlled 

storage in landfills (Velenturf et al., 2019). 

The waste characteristics change slightly concerning different geographical regions and 

seasons however, the influence of seasonal variation is insignificant (Alamgir and Ahsan, 

2007). The organic content of this waste can be converted easily to bio-manure and other 

useful products. However, the design and implementation of Sustainable Municipal Solid 

Waste Management Systems (SMSWS) is a real challenge for developing countries. This is 

particularly in places with very high urbanization rates and very low public awareness 

(Njoroge et al., 2014). 

2.10. Waste-to-Energy Technologies 

As the World Energy Council (2016), report the generation of municipal solid waste is 

expected to double by 2025 to more than 6 million tons of waste per day. World Bank (2012) 

indicated “the economic development, local climate, industrialization, and public habits 

directly affect the MSW generation rate. The increased generation rate of waste needs to be 

tackled to minimize the environmental impact it imposes. However, the landfill is the least 

in the solid waste management hierarchy, it should be implemented only after all possible 

prevention, reuse, recycling, composting, and energy recovery (D. Zhang et al., 2015). The 

generation of a significant amount of greenhouse gas, negative impact on human health, air, 

and water pollution resulted in waste disposed of in landfills (Abushammala et al., 2016). 

Proper waste treatment is required to convert natural resources to protect the environment 

and public health.  

Waste-to-energy (WTE) technologies are available worldwide which can solve the problems 

arising from solid waste. These technologies are classified into two categories based on their 

operation. The first is thermochemical technologies (incineration, gasification, pyrolysis, 

hydrothermal carbonization), and the second is biochemical technologies (anaerobic 

digestion, and fermentation) (He et al., 2013; Walker, 2013; Gasification Technologies, 

2011; Ricardo Energy and Environment, 2016). Around 40 million tons of MSW has 

incinerated annually for thermal and electricity generation in Europe and 130 million tons 

of MSW has combusted worldwide annually (Nixon et al., 2013). Japan has one of the 

highest levels of sustainable waste management in the world as it treats 40 million tons of 
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waste through thermal WTE facilities out of 65 million tons of the total waste generated 

annually, while the rest goes out into recycling and only 2% in landfilled (Themelis and 

Mussche, 2013).  

The selection of WTE technology is complex, as the selected option should embrace all 

environmental, economic, and social impacts (Qazi et al., 2018a). The decision on suitable 

WTE technology not only save time and money but also contributes toward alleviating 

negative impact on the environment (Babalola, 2015). As the number and complexity of 

waste-to-energy technologies grow, strategic decisions required for the effective assessment 

and management of these sustainable energies become more complex.  
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3. MATERIALS AND METHODS 

3.1. Description of the Study Area  

The study was conducted in Dilla town, which is found in Southern Nations Nationalities 

and Peoples Regional State (SNNPR). It is a market town and separate woreda in southern 

Ethiopia. Dilla town is the administrative capital of the Gedeo Zone. The town is 

astronomically located at 6°24′30″N and 38°18′30″E, with an elevation of 1570 meters 

above sea level. It is located on the main road from Addis Ababa to Nairobi, approximately 

360 km south of Addis Ababa and 90 km from Awassa town. The main highway that 

connects Ethiopia to its southern neighbor, Kenya crosses the town. Apart from this 

highway, there is a good road network to connect the town with different local administrative 

areas. 

 

 

 

Figure 1. Map of the study area 
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Dilla town is characterized by the heart of the province where everyone hopes for a better 

job opportunity to improve their livelihoods. People migrate from various areas to Dilla 

town. Professionals buy properties around the city, and some become permanent residents. 

Some can afford to buy houses while others rent property within the town. 

The total area of the Dilla town is 14.3 square kilometers, based on the 2014 census data the 

town had a total population of 112,900. The climate of the town is Weyna-dega, with a mean 

annual temperature of 20 ℃ and average annual rainfall ranging from 850 mm to 1358.6 

mm. 

The landfill site is located at the northwestern outskirts of the town, far away from most of 

the populated areas. The area surrounding the site is an area designated for the industrial 

zone. The site is located around 1km from Dombosco Catholic School, 2 km from Walleme 

village which is part of the Dilla town and adjacent to Dombosco School, and 2.6 km from 

Dilla University. The north surrounds the site by Majage River (gorge) which is entirely 

covered by forest, to the south and south-waste by industrial zone, to the west by farmland 

adjacent to the industrial zone, and the east by trees and Dombosco fence.  

3.1.1. Administrative Setup 

Dilla town is an important center and administrative capital of the Gedo Zone. It is the largest 

urban center in the zone in terms of infrastructure. Dilla town is divided into three sub-city 

and nine administrative kebeles. The municipal authority carries out various activities 

related to engineering, health, finance, building, road, traffic, garden, public work, 

education, and fire services. 

3.1.2. Household character  

The household character analysis includes details on the size, structure, and distribution of 

populations, and spatial and or temporal changes in response to birth, migration, and death. 

The analysis helps in understanding the previous and present conditions of population 

growth, development, and use of natural resources.  
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3.1.3. Current population 

According to the national census projection of the year 2014, Dilla town had a total 

population of 112,900. There has been an almost doubled growth in the population in the 

last two decades from 59,150 in the 2007 year to 112,900 in the 2014 year. The decadal 

growth rate had been continuously increased in the town. The decadal growth rate for Dilla 

between (2007-2014) was 90.87%.  The population details of Dilla town since 1984 and 

decadal growth in the population are shown in Table 1.  

Table 1. Population details of Dilla town 

Year  Total population  Decadal change  Decadal growth rate  

1984 23, 936 - - 

1994 33, 734 9, 798 41% 

2007 59,150 25, 416 75% 

2014 112,900 53, 750 90.87% 

Source: National census (1984-2014) 

The average decadal growth rate of Dilla town from 1994 to 2007 had been 75%. The 

demographic growth trend shows more than 147% of the growth between 1984 to 2007. The 

rapid growth rate during this period was due to a change in the urban morphology and the 

rapid migration of the people from rural to urban areas.  

 3.1.4. Population density 

The overall livability of a place is dependent on the population density of the place. 

According to the 2007 census, the population density of Dilla town was 4, 136 

persons/sq.km (density 41 people per hectare). The population density of Dilla town has 

grown almost three times between the years1984 and 2007 due to a continuous increase in 

the population without any increase in the area of the municipality. The change in population 

density figures and land area in Dilla town from 1984 to 2007 have been given in Table 2. 

Table 2. Population density per sq. km in Dilla town 

Year  Total population  An area in sq. km  Density (persons/sq.km)  

1984 23, 936 14.3 1674 

1994 33, 734 14.3 2359 

2007 59,150 14.3 4136 

2014 112,900 14.3 7895 

Source: National census (1984-2014) 
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3.2. Source and data collection 

The data were obtained from the transfer station, landfill site, field observations, and key 

informants. The composition and type of solid waste at the transfer stations and dumpsites 

were analyzed. To obtain relevant and various forms of data concerning the current status 

of solid waste management of the study area key informants were asked and field 

observation was done.  At the landfill sites, solid waste was collected at three different layers 

(upper, middle, and lower at two meters interval each), we thought that if we take the sample 

from the upper part only it is not representative and thus why we have taken the sample from 

2m interval. The choice of the 2m interval is based on the workability in the landfill sites, if 

we use less or greater than 2 m it is difficult to dig deep and collect the sample at the bottom 

layer. The collected waste in each layer was separated into different categories and 

measured. 

3.3. Sampling technique 

To obtain accurate data while characterization, daily collection, and operations were 

performed at the transfer stations and landfill sites.  A significant portion of the waste 

received at the landfill site originates from the transfer stations. However, waste is dumped 

directly to the landfill site without going to transfer stations by institutions and individuals. 

To obtain a representative sample for the desired precision of analysis, stratified simple 

random and purposive sampling techniques were applied. Accordingly, two transfer 

stations from each sub-city randomly and one dumping site were selected. 

The samples were collected from each transfer station before the waste was loaded to the 

landfill site. To sort and sample representative solid waste, sampling activities for this study 

was performed on the specified days when waste was not being rerouted from the transfer 

station to the landfill. It was confirmed that all transfer stations were the overall 

representative of the typical waste stream disposed of each day. 
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Figure 2. Schematic representation of the study sample 

The waste samples were collected from six transfer stations in three sub-cities of Dilla town. 

The general procedure for waste sampling is presented in Figure 2. To collect the 

representative sample of waste from each transfer station, the samples of solid waste were 

collected purposively from four corners and the center of each identified station and mixed 

thoroughly to get a composite sample.  

The collected samples were separated into various major components, such as paper, plastic, 

grass, textile, food, demolish, stone, bone, etc., and are weighed to express as a percentage 

of the original sample. To develop the waste stream composition, a total of 51 samples of at 

least 5kg each day from each transfer station which is affordable to carry and sorted 

manually was collected. As a result, 42 samples (for 7 consecutive days from each transfer 

station) were collected from the transfer station at each sub-city, and the remaining 9 

samples were collected from the landfill site of each layer (upper, middle, and lower). For 

the chemical analysis, bio-degradable waste was separated manually. The collected 

degradable samples were air-dried, sealed in polyethylene bags, and taken to Dilla 

University chemistry laboratory.  
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3.3.1. Data Collection Methods 

The data was collected using a structured questionnaire through a face-to-face interview to 

assess the existing solid waste management in the town. The questionnaire was prepared in 

English and translated into the local language (Amharic). Hand pushcarts were used for a 

sample collection from each transfer station and landfill site. After the wastes were collected 

from each transfer station and landfill site, the plastic bucket contains waste was weighed 

with a calibrated suspension of a 20 kg scale and spread on a plastic sheet to sort and 

determine the type of waste collected from each station and landfill site. Finally, the total 

weight of each waste category was determined and expressed in kilograms and the 

percentage. 

3.4. Physical Composition 

The waste sample was analyzed for selected physicochemical properties; the composition 

represents the ratio of the weight of the components to the total waste for each participated 

transfer station. Waste characterization was adopted from various waste characterization 

methodology, mainly from ASTM standards (ASTM D5321-92). 

The percentage composition of each component was calculated by the formula. 

% composition of waste fraction =
Weight of separated waste 

the total of mixed waste sampled 
𝑋 100 

3.5. Chemical Composition 

The selected chemical properties of solid waste analyzed the moisture content, ash, fixed 

carbon, and volatile material which were used to predict the alternative solution for the 

disposal of solid waste of the municipality and recommend an environmental friend 

management system.  

3.5.1. Moisture content  

The moisture content of solid wastes is usually expressed as the weight of moisture per unit 

weight of wet/dry material.  In the wet-weight method of measurement, the moisture in a 

sample is expressed as a percentage of the wet weight of the material; in the dry-weight 

method, it is expressed as a percentage of the dry weight of the material. The percent 

moisture of the MSW samples was determined by weighing 1 kg of the samples into a pre-
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weighed dish and drying the samples in an oven at 105℃  for 2 hr. (ASTM D 3173). The 

percent moisture content (MC) was calculated as a percentage loss in weight before and after 

drying. 

Moisture content (%) = 
a b

a

−







100  

Where, a = initial weight of a sample as delivered 

b = weight of the sample after drying 

3.5.2. Volatile Matter Content 

The volatile matter of municipal solid waste is a vapor released when the waste is heated. 

The applicable ASTM standard E-872 (ASTM, 2013) for the determination of volatile 

matter was used. The previous sample used for moisture determination was again heated in 

a covered crucible to avoid contact with air during devolatilization. The covered crucible 

was placed into a furnace at 950℃ for two hours. Then the crucible was taken out, cooled 

in a desiccator. The weight difference due to devolatilization was referred to as a volatile 

matter.  

% VM= [(Dry sample weight−Ash weight)/Dry sample weight] 100% 

Where %VS = Percentage of Volatile Matter   

3.5.3 Ash content  

Ash is the inorganic solid residue left after the waste is completely burned. The procedure 

used to determine ash was using ASTM D1102 (ASTM, 2013). The remaining sample from 

the volatile matter calculation was placed in the furnace at 575℃  for an hour for combustion. 

All carbon was burnt, and the sample was cooled and reweight.  

𝐴(%) =
𝑊𝑒𝑖𝑔ℎ𝑡 𝑎𝑓𝑡𝑒𝑟 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 (𝑔)

𝑆𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡(𝑔)
𝑥100 

3.5.4. Fixed Carbon Content 

Fixed carbon is defined by carbon found in the materials which were left after the volatile 

test. Fixed carbon was determined by removing the mass of volatile from the original mass 

of the sample. The carbon content in the ash sample was calculated using the following 

equation. 
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• FC = 100 – (MC + ash + VM) 

• FC = Fixed carbon (wt% wet basis) 

 MC = Moisture content (Wt %),  

 Ash = ash (wt %),  

 VM = volatile matte 

 

3.6. Method to assess the practice of SWM in Dilla town 

A qualitative descriptive cross-sectional study design was applied to assess the practice of 

solid waste management. To examine the current practice of solid waste management of the 

Dilla town, key informants which are from the concerned authority, and field observations 

to crosscheck what is done regarding solid waste management were used as a source of 

information.  Accordingly, five-person from the Dilla municipal environment and 

beautification office and field observation at a different place of the town was performed. 

Close and open-ended questionary were asked to the key informant to collect the disposal 

and waste management system at transfer stations and landfill sites (Appendix B).  
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4. RESULT AND DISCUSSION 

4.1. Waste composition   

Based on the field study, the waste sampled from transfer stations and landfill sites were 

sorted manually into seven and ten categories respectively. The result of this study revealed 

that the waste categories include organic (compostable), paper, plastic, textile, medical, 

glass, shoes, stone, demolish, and others (Table 3).  

Organic waste represents the largest fraction in both transfer stations and landfill sites which 

accounts for 70% and 36% respectively. At transfer stations and landfill sites, the waste type 

that is named others is a collection of different wastes which is difficult to separate one from 

other accounted 13% and 23% respectively. Apart from stone, shoes, and demolish the rest 

of the waste composition (glass, paper, textile plastic, and medical wastes) were found in 

both transfer stations and landfill sites.  

Compared to the developed countries, wastes generated in the study area contain large 

volumes of organic matter. A comparative study by Asase et al., (2009), on the waste stream 

in Kumasi, Ghana, and that in Ontario, Canada, shows the clear difference between the 

compositions of waste in the two cities, with organic materials accounting for 63% of waste 

in Kumasi but only 30% in Ontario. However, the percentage of plastic (7%) and paper (3%) 

waste of this study is comparable to the reported by Mohamed et al. (2020) in Egypt, which 

is paper (3-6%) and textile (6-16%).  

Table 3. Composition of SW at transfer stations and landfill site 

No Type SW % at the Transfer 

stations 

SW % at the landfill 

sites 

1 Organic  70 36 

2 Plastic  5 7 

3 Paper  3 2 

4 Textile  7 6 

5 Glass 1 3 

6 Others  13 23 

7 Medical 1 1 

8 Stone  - 5 

9 Shoes  - 4 

10 Demolish  - 13 
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4.2. Composition of SW at the transfer stations and landfill sites  

4.2.1. Composition of MSW in Sessa sub-city transfer station  

The physical compositions of municipal solid waste were identified and the results were 

illustrated in Figure 3. It revealed the presence of degradable (organic) and non-degradable 

(plastic, textile, and glass) waste materials. The municipal solid waste in the first and second 

transfer stations of the Sessa sub-city is slightly different. In the first transfer station, the 

amount of organic waste is higher than the next by 9%. The percentage of textile waste in 

the first transfer station is lower than that of the second. This may be due to the lifestyle of 

the people in the study area. However, the percentage of others (i.e., the type of waste which 

is a mixture of everything and difficult to categorize in any type), plastic, and paper are the 

same. 

 

 

 

 

 

 

 

 

 

Figure 3. Sessa sub-city transfer station waste composition 

4.2.2. Composition of MSW in Bedecha sub-city transfer station 

The composition of organic waste in each transfer station was almost equal but there was a 

slight difference in other waste composition like waste paper, plastic, textile, and other waste 

but the basic difference was there is medical waste in station one but no in the second station 

rather there were glasses waste material. This may be the presence of a hospital in that area.  
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Figure 4. Bedecha sub-city transfer station waste composition 

4.2.3. Composition of MSW in Harowelabu sub-city transfer station 

The composition of solid waste in this sub-city was showed as there was a variation in 

organic waste composition, plastic, textile, glass, stone, and other waste in between the two 

stations but there was a similarity in waste paper composition in the two stations. 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Harowelabu sub-city transfer station waste composition  
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Finally, all the selected sub-city showed the highest percentage of organic waste, especially 

in the form of food waste.  This is supported by  Sha’ato et al. (2007) who reported that, the 

fraction of organic waste in other parts of African cities like Makurdi (49.2%) in Nigeria. 

However, the proportion of food waste in household solid waste is generally taken as an 

indication of living standards, but it also portrays the pattern of living and the high 

proportion of food waste also showed that in the study area people still maintain the 

traditional practice of food preparation at home, rather than the modern trend of 

consumption of packaged food.  

The composition of solid waste is a key determinant in decisions concerning the types of 

vehicles needed for collection and transfer, requirements for final disposal, and resource 

recovery alternatives (Bogale and Tefera, 2014). The overall waste component and its 

percentage presented in the graph above were showing us the major municipal solid waste 

of the town. As expected in developing countries, around 70% of the waste of the town was 

covered by biodegradable waste. In the study conducted by Regassa et al. (2011), 94% of 

the solid waste was organic. This gives us the direction of how we try to reduce the total 

amount of waste to be disposed of to the landfill site and reduce the existing pressure on it. 

Therefore, if we try to change the waste into valuable resources the burden over landfills is 

also dramatically reduced, and the life span of the landfill is prolonged.  

4.2.4. The average composition MSW at the transfer stations  

The average physical compositions of the municipal solid waste in 6 transfer stations from 

3 sub-cities were determined and the results were indicated in Figure-6. The results showed 

that a high percentage of organic waste which is 70%, followed by 13%, textile 7%,  plastic 

5%,  paper 3%,  glass1%, and 1% medical waste.  
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Figure 6. The average % of SW Composition at transfer stations 

The present study showed that 70% of organic waste, is maybe due to the presence of 

different types of organic solid wastes found in the transfer stations such as vegetable 

peelings, seed coats, kitchen and garden wastes, animal wastes, scarp of chat, papers, wood 

scraps, and bones, etc. In line with this, the study conducted in Jimma town revealed that 

the composition of organic waste takes a larger quantity compared to the other solid waste 

composition (Mekonnen, 2017). However, the composition of solid waste was deeply 

influenced by the financial status, living standards, food habits, rituals, literacy rate, type of 

energy source, climatic and topographical conditions ((Jin et al., 2006). 

Whereas non-biodegradable wastes of the 3 sub-cities were 30% which include different 

types of plastics, glass, cans, pieces of metals, textile scraps, discarded old shoes, packaging 

materials, etc. Apart from these, different types of medical waste such as syringes with and 

without needles, gloves, glucose bottles, etc. from hospitals, clinics, and other health care 

establishments are detected in different disposal areas of the city. Although, a study 

conducted in Debere Berehan town suggested (Abera Kebede, 2017) that glass, metal appear 

in negligible quantity because they are not discarded for disposal but are sold to recyclable 

material buyers locally called ‘korallio”. 
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The composition of Dilla municipal solid waste comprised of the above listed solid waste 

fractions, it was dominated by organic waste streams generated from households, markets, 

and commercial areas. The main reason may be about 70% of MSW of the city arises from 

residential areas and this source is dominantly characterized by organic solid wastes.  

4.2.5. Composition of SW in the upper layer of the landfill site  

The physical compositions of the waste were analyzed and the results were indicated in 

Figure 7. The results were revealed that 41% of the solid waste in the upper layer of the 

landfill site was demolished waste that comes from the constructions site and also there was 

4% hazardous waste like a syringe, 7% of waste composition was plastic and ash, 6% was 

old shoes and bone. Even though the number of hazardous wastes was less but its effect is 

comparatively very high when compared to other waste types that dispose to landfill. 

Because the site was exposed to scavengers who try to search for old shoes, cloth, and metals 

for sale. The existences of plastic waste in the layer reduce the biological degradation of 

organic waste which reduces the life span of landfill and decomposition of the waste. 

 

 

 

 

 

 

 

 

 

Figure 7. The physical composition of SW in the upper layer of the landfill site  

4.2.6. Composition of SW in the middle layer of the landfill site  

In the middle layer (Figure 8) of the landfill site due to the compaction of the upper layer, it 

is difficult to distinguish wastes especially the organic ones because of the decomposition. 

The highest percentage of soil and ash particles (29%) were observed in the middle layer as 

compared to other waste materials. However, in addition to this middle layer contain glasses, 
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plastic, and textile which have 6, 6 and 5% respectively, which harm landfill by shortening 

the life span of the landfill and hinder the decomposition of solid waste which reduces the 

burden on the landfill by decreasing the waste volume. 

 

 

 

 

 

 

 

 

 

Figure 8. The physical composition of SW in the middle layer of the landfill site  

4.2.7. Composition of SW in the landfill site lower layer 

The physical compositions of the bottom layer waste were indicated in figure 8. The highest 

proposition of decomposed waste was observed in the bottom layer. At the bottom layer of 

the landfill site may be pressure was very high as compared to the rest of the sample site. 

Moreover, the presence of non-degradable waste such as textile, plastic, and shoes accounted 

for 9, 7, and 5 % respectively.  
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Figure 9. The physical composition of SW in the lower layer of the landfill site  

The physical composition of the landfill site results agreed with (Al-Khatib et al., 2010), in 

Palestine indicated that the bulk of waste was decomposed (organic) (65.1% by weight). In 

addition to this research was conducted by Nabegu (2013) in Kano metropolis, and in 

Nigeria, also indicates a predominance of organic and biodegradable matter 66%, which 

were slightly higher than the present study. However, the physical composition of the 

landfill site is influenced by the dynamics of their culture, the per capita income, the 

developmental changes in consumption patterns, and waste disposal or recycling services in 

the municipality (Sadef et al., 2016). Moreover, the waste composition at any landfill 

depends on different parameters, like waste legislations, differences in the waste 

management systems, recycling systems, standard of living, and society and culture 

(Quaghebeur et al., 2013). 

Municipal solid wastes were collected from several places in the municipality and simply 

dumped in one place. There was no separation of solid waste. This was reaffirmed that 

source separation is absent in the solid waste management practice of most developing 

countries. Source separation in addition to central sorting techniques has been the bedrock 

of successful materials recovery and recycling programs in developed countries (Oduro 

Appiah and Aggrey, 2013). 
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4.3. Proximate Analysis of MSW at the transfer stations 

The proximate analysis of MSW was done at the transfer station. The collected samples 

were separated and identified in their composition. It revealed that the presence of onion 

resides, grass, food waste, animal dung, avocado and mango residue, and waste paper. The 

selected chemical (moisture content, ash content, volatile content, and fixed carbon) analysis 

was done for each type of waste and the results were summarized in Table 4 

4.3.1.  Moisture content  

The moisture content of onion residue is higher than other waste and the moisture content 

of animal dung is the least as compared to the rest waste type. The moisture content of grass, 

food waste, and avocado and mango residue constitute 5.83%, 5.53%, and 5.33% 

respectively (Table 4).  The result revealed that the MSW contains have low moisture 

content which reduces the probability of leaching of the inorganic chemical compounds to 

the environment. The result is not in line with the previous study by Manga et al. (2008) and 

Haile et al. (2019). 

4.3.2. Volatile Matter Content 

The volatile matter content was determined by the method of ignition of the sample at 950℃. 

The triplicate samples of SW material used in the moisture content determination was 

weighed and placed in a muffle furnace for 7 minutes at 950℃  (ASTMD3175). After 

combustion, the samples were weighed to determine the ash dry weight, with volatile solids 

being the difference between the dried solids and the ash.  

4.3.3. Ash content  

The result indicates ash content of onion residue followed by animal dung, food waste, grass, 

avocado, and mango residue, and waste paper with a value of 24.1% 23.5%, 13.53%, 12.2%, 

11.7%, and 5% respectively which indicate the residue left after-burn (Table 4). In this study, 

the MSW has relatively low ash content which ranged from 5% to 24.1% as compared to 

the study conducted by (Haile et al., 2019) in Sawla town, Gofa Zone which is 32. 03%.  
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4.3.4. Fixed Carbon Content 

Fixed carbon is the remaining part after the volatile matter is completely released, apart from 

ash and moisture, produces a char and it was burned as a solid substance in the combustion 

process. The result in table-1 showed the fixed carbon content of the waste increase as we 

go from onion residue to waste paper.   

Table 4. Proximate Analysis of Organic MSW at the Transfer stations 

 

4.4. Proximate analysis MSW in the landfill site  

The proximate analysis was done in a landfill site (upper, middle, and bottom layer) for 

moisture, ash, fixed carbon, and volatile matter content were analyzed and the results were 

indicated in Table 5. As per the results, moisture, ash, and fixed carbon content were 

increased with an increased depth of the landfill site was. Accordingly, the highest moisture 

(41.9%), ash (16.90%), and fixed carbon (14.56%) content were observed in the bottom 

layer. However volatile content was more in the upper layer. High organic matter content in 

the solid waste composition may be a significant factor that increases MC. Although this 

value seems high in comparison to the theoretical MC value of MSW, it is in parallel with 

previous studies (Hui et al., 2006). From the conducted research, the moisture content of the 

solid waste transporting Dilla landfill was about 25.61 - 41.9%.  

An efficient composting process requires moisture content above 45-50% (Tchobanoglous 

et al., 2002) while some past studies concluded that waste with 50-60% moisture content 

was appropriate and efficient for composting (Philippe and Culot, 2009), The highest 

volatile content was observed in the middle layer of the landfill site. The volatile solids of 

No Type of SW Moisture 

content % 

Ash 

content % 

Volatile 

material % 

Fixed carbon 

content % 

1 Onion Residue  13.1 24.1 34.9 28 

2 Animal dung  1.67 23.5 37.47 37.37 

3 Food waste  5.53 13.53 41.83 39.13 

4 Grass 5.83 12.2 41.57 40.4 

5 Avocado and Mango residue  5.33 11.7 15.07 68.2 

6 Waste paper  4.33 5 8.6 71.73  
Average value 5.97 15.00 22.94 47.47 
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approximately 47.35% and demonstrates the high inert or inorganic content of the waste. 

The inert material is mostly dust, sand, and soil, and is a large fraction of the landfill site. 

Table 5. Proximate analysis of MSW in the landfill site 

Sample Moisture (%) Ash (%) Fixed carbon (%) Volatile matter (%) 

Upper layer 25.61 15.04 11.04 48.2 

Middle layer 30.2 11.9 12.65 47.35 

Bottom Layer 41.9 16.9 14.56 32.4 

 

4.5. Quantities of Recyclable Materials in a Landfill site 

Total quantities of recyclable waste materials were analyzed in the landfill sites and the 

results were analyzed and indicated in the figure. 8. The results were revealed that, the 

highest proposition of plastic waste (20%) as compared to textile and paper waste. The 

amount of plastic waste increased in the disposal sites. This plastic waste may be a kind of 

plastic film, typically used for industrial packaging, especially for food manufacturing. 

Plastic film can vary by resin and color; it may also be made of one layer of plastic or as 

many as ten layers depending on the complexity of the package and this is the main reason 

for increased usage of this type of plastic in the industrial process. This is expected, 

increasing the population, migration, and also industrialization during the past few years 

were the main reason for increasing the quantity of MSW. Glass and other materials had a 

small fraction of MSW in this landfill. The high percentage of recyclable components shows 

the landfill site has the potential to provide recovery facilities, for example, “pyrolysis 

techniques”. The recovery process can be considered as one of the acceptable methods to 

handle and decrease the high volume of recyclable material. 

 

 

 

 

 

 



40 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. Quantity of recyclable materials in the landfill site 

The recycling potential of the solid waste generated in the Dilla town is 37 % which is lower 

than the study conducted by (J. Zhang et al., 2020), in china and Adeniran et al. (2017), in 

Nigeria 79.31% and 75% respectively.  The recycling percentage of plastic waste in this 

study (20%) is higher than LL Campus, China (10.52%) however, the percentage of waste 

paper is in this study (2%) is lower than LL Campus, china (11.48).  

4.6. Existing Solid Waste Management Practice  

One of the parameters used in assessing the performance of waste service delivery is its 

effectiveness. The effectiveness of a waste service delivery practice can be assessed using 

indicators such as waste reliable collection, transportation, and disposal. The present study 

employs these indicators to assess the effectiveness of waste service delivery.  

4.6.1. Solid Waste Collection  

A waste management practice is considered to be effective when waste collection goals are 

achieved. An effective waste collection can be recorded when the companies or municipality 

can facilitate enough collection points near to all beneficiaries, increase the frequency of 

waste pick up, avoid waste spillover and when waste personnel if fully and frequently 

trained. The respondent’s information on the effectiveness of waste collection indicators 

from the survey, interview results with key informants, and observation by the researcher 

indicated the ineffectiveness of current solid waste collection. Accordingly, 80% said there 
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is waste spillover on the road and ground which indicates a deficiency of current waste 

collection that needs improvements.  

It has been observed that open dumping of waste is the most prevailing activity practiced by 

the municipality, making a high probability of environmental pollution. The result obtained 

from the key informant and field observation indicated that the waste generated from the 

household, commercial, and different institutions is dumped at the transfer stations and 

landfill sites without discrimination.   

Proper disposal and management of municipal solid waste are some of the challenging tasks 

faced by the municipality of Dilla. The main factor for failure of solid waste management 

per the principle of public health, environmental protection, Scio-economic, and 

aesthetically are summarized below: 

✓ According to officials of the Municipality, during the last few years, the urban 

population has been increasing and so the amount of waste generated. With the 

growing urban population, the municipality fails to provide service to all urban 

dwellers, as a result currently municipality is facing challenges in providing efficient 

municipal solid waste management. 

✓ The inadequate economic, financial, technical, and personnel capacity of the 

municipality is yet another reason. 

4.6.2. Solid waste transportation  

Under the framework of effective solid waste management, safe and reliable transportation 

was considered as one of the key measurements for effective SWM (Hufane, 2015). 

Transportation of waste is carried out by Dilla municipality. The existing reality in Dilla 

town was waste transporting tracks are not available to the level demanded and even some 

of the available trucks were don’t fully perform. A significant number of respondents 

indicated that the municipality has no sufficient manpower and vehicle to transport waste. 

As a result, it is also not regularly performed throughout the town because of vehicle 

maintenance and distance to the center. Despite the least desirable waste management 

practice, landfilling is the most commonly used for waste disposal across the world, due to 

its economical and skilled operators are not required (WEC, 2016). 



42 

 

 

 

Apart from irregular transportation service, there is no either collection or other solid waste 

management practice performed by the municipality. However, the waste collection plays a 

critical role, whereas the municipal solid waste collection and management budget depend 

on the regional and income level of the country. A city, which is unable to manage its waste 

effectively can hardly be able to manage more complex services (Ishtiaq et al., 2018). So, 

municipal solid waste management is one of the services that should be effective and equally 

provided to all residents to make them reach adequate well-being by the government of the 

country (Sukholthaman and Sharp, 2016).  

4.6.3. Solid Waste Disposal  

Waste management is also dependent on a safe and reliable disposal system. This system 

can be effectively achieved when the disposal site is on an accessible landfill near to 

collection points, closed and protected from animals, and which has no bad smell to the 

community. 

In Dilla town, there was one open dumping site where all collected waste is disposed of.  

The information obtained from the inspected Dilla municipality and field observation 

indicate that solid waste management has continued to encounter problems associated with 

a lack of innovative approaches and insufficient resources. The municipality is the sole 

provider of solid waste management services, thus why the service is still limited to the 

dumping of solid waste to landfill sites. 

Solid waste management needs environmentally sound technology which could be as simple 

as using different types of containers for different types of waste generated and incineration 

for the disposal of hazardous waste (UNEP, 2009). Appropriate solid waste management is 

crucial for the sustainable development of a country. The management method of solid waste 

depends on the type of waste generated. In this study, organic waste is the dominant waste 

that covers 70% of the total waste generated. As a result, the appropriate solid waste 

management for Dilla town is a composting process. However, the municipality did not 

organize private enterprises or perform by itself to reuse the waste as biological manure for 

the greenness of the town. Moreover, it was observed from the field observation and key 

informants the population of the town is not aware of appropriate waste management 

practices. The data gathered from the documents of the concerned organization and personal 
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observation show that solid waste management in Dilla town is a serious problem that 

requires a joint effort of both community and the concerned authority.  
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5. SUMMARY AND RECOMMENDATIONS 

5.1. Summary 

With an ever-increasing population, municipal solid waste management is emerging out to 

be one of the serious problems. Improper municipal solid waste management poses a 

potential risk to the environment. The majority of waste generated in Dilla town is organic 

but, no composting facility or practice is facilitated by the municipality. The municipality is 

not in a position to manage the waste properly and it should increase its infrastructure and 

capacity in terms of waste vehicles and the workforce.  

In this study, several important parameters of the municipal waste stream were assessed and 

indicated the physicochemical property of municipal solid waste. The physicochemical 

property of solid waste is very important for the improvement of solid waste management 

activities. It minimizes the indiscriminate disposal of solid waste to the landfill which creates 

job opportunities for the youth of the town in reuse and recycling. The study has given some 

guideline information about the physicochemical property of solid waste, and baseline 

information about the potential of solid waste to resources and indicate the current practice 

of SWM in Dilla town.  

To realize the objective of this study, a descriptive statistical research method of both 

qualitative and quantitative techniques was designed, and to have well coverage of the 

investigation, random and purposive sampling techniques were adopted to select two 

transfer stations from each sub-city and landfill site. To obtain relevant and various forms 

of data concerning the current status of the problem of the study area key informants were 

also asked. A collection and sorting of waste from the transfer stations and landfill sites were 

conducted for seven consecutive days to determine the physicochemical property of solid 

waste and evaluating the potential for reusing and recycling with the possibility to gain 

social, economic, and environmental benefits.  

The result obtained during the research time indicated that the dominant solid waste of the 

municipality was organic waste including food and vegetable waste and other organic 

materials with 70%, followed by others 13%, textile 7%, plastic 5% paper 3%, medical 1% 

and glass with 1%. This result indicates that the solid waste of the town has the capacity and 

potential to convert into a valuable resource rather than dumping into landfills.  
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Even though the budget allocates for waste management is limited, the municipality must 

try to search for stakeholders, private organizations, and individuals who have the 

willingness and capacity to share the burden of the municipality regarding solid waste 

management. Moreover, to ensure sustainable and integrated waste management which gear 

towards a green and cline environment.  

5.2. Recommendation 

There was a particular recommendation made based on the physicochemical property and 

current situation of waste management practice done by the municipality based on the results 

obtained from the research: 

✓ Awareness of residents must be increased towards reducing, reusing, and recycling 

waste. 

✓ As 70% of the total waste produced is biodegradable in nature, composting, and 

recycling facilities must be promoted to achieve the principle of integrated municipal 

solid waste management.  

✓ Further studies should be made to analyze the various physicochemical property of 

solid waste with seasonal variation. 

✓ The municipality should involve different stakeholders in the planning, operation, 

and maintenance of waste management facilities to ensure their improved 

performance and sustainability.  

✓ The transfer stations and an engineered sanitary landfill should be well established 

and properly fenced to keep animals and children away from the sites.  
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7. APPENDICES 

7.1 APPENDIX A 

 

 

 

 

Figure1. Sorting and weighing sample waste 
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Figure2. Transfer station  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure3. Means of waste transportation from house to transfer station  
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7.2 APPENDIX B 

Questionary for the municipality and key informant  

Name --------------------------------------------------------------Sex. --------------------------------- 

Position. ------------------------------------------- Qualification. ------------------------------------- 

1. The current population of the town---------------------------------- 

2. Total number of housing unit----------------------- 

3. The existing technical SWM of the town--------------------------------------------------------

--------------------------------------------------------------------------------------------------------- 

4. Is there a private agency/enterprise involved in the SWM of the town? 

     Yes-----------------No---------------- 

5. If yes what are the responsibility and actual practice of the agency/ enterprise  

--------------------------------------------------------------------------------------------------------- 

6. What are the challenges of SWM in the town?-------------------------------------------------

---------------------------------------------------------------------------------------------------------

--------------------------------- 

7. Vehicles or trucks used for waste collection and disposal-------------------------------------

-------------------------------------------------------------------------------------------------------- 

8. Is there a centralized or private composting of SW in the town? 

Yes-------------------No--------------------- 

9. Are the collection and disposal service covers all the corners of the town? 

Yes---------------No--------------------- 

10. Frequency of waste collection and disposal service by the municipality  

Daily--------------- 

Weekly --------------------- 

Monthly ------------------------- 

11. Is there house to house collection service by municipality/private sector 

Yes------------------No--------------- 

12. What are the plans to improve the SWM problem of the town ------------------------------

--------------------------------------------------------------------------------------------------------- 

 


