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Abstract  

The rapid urbanisation in developing countries has outran the deployed financial and manpower 

resources that are supposed to handle public utility services in cities. One important service is 

solid waste management. The most common method used for solid waste management in 

developing countries is uncontrolled dumping of waste at unstructured and uncovered open 

dumpsites. Open dumpsites are related to pollution and safety aspects and creates 

environmental stress and health problems.  

The purpose of this thesis project was to minimise environmental and public health risks from 

an informal dumpsite in Debre Berhan, Ethiopia, by identifying solutions for a sustainable way 

of closing the site. The project was a complement to the SymbioCity in Ethiopia project and 

consisted of a literature study, a field excursion to the dumpsite, and interviews with involved 

parties and evaluations. The focus has been to find economical and accessible solutions to close 

the dumpsites in an environmentally friendly way.  

During the project, it was found that the closure of the informal dumpsite is not possible right 

away. Before closing the informal dumpsite, a waste disposal plan is required to ensure that the 

site can be closed without continued dumping. Therefore, the recommendation is to divide the 

closure into post- and pre-closure actions.  

The most economical and sustainable solution to close the informal dumpsite is to use local 

material when covering the waste. It is also important to choose available techniques for control 

of emissions that can be managed easily in the future. It is necessary to collect the generated 

landfill gas to minimise the pressure on the cover. It is recommended to redirect the inflow of 

surface water from the area above the dumpsite to reduce the leachate and control the erosion 

of the cover. It is suitable to use embankment and swales for redirection of the surface water. 

Key words: Informal dumpsite, Ethiopia, Debre Berhan, developing countries, closure 

methods, solid waste management. 
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Sammanfattning 

Eftersom miljöfrågor blir ett allt mer aktuellt ämne, som får större uppmärksamhet vid 

urbanisering, ställs större krav på att utforma samhällstjänster på ett hållbart sätt. Den snabbt 

ökande urbaniseringen som sker i utvecklingsländer i dag har kraftigt minskat de finansiella 

resurserna för dessa tjänster.  En viktig funktion i samhället, som ofta blir bortprioriterad, är 

avfallshanteringen. För utvecklingsländer är det viktigt med ett avfallssystem som hanterar 

dagens problem med okontrollerade och informella metoder. Okontrollerad dumpning av avfall 

är den vanligaste metoden för avfallshantering i utvecklingsländer i dag och bidrar till skadliga 

utsläpp för såväl människa som miljö. 

Syftet med detta examensarbete har varit att studera möjliga lösningar för att stänga en 

okontrollerad informell soptipp i Debre Berhan, Etiopien. Lösningar som syftar till att minska 

riskerna för negativ påverkan på människa och miljö på ett ekonomiskt och socialt hållbart sätt. 

Projektet är ett komplement till ett större SymbioCity projekt som fokuserar på att utveckla 

avfallshanteringen för två städer i Etiopien, Debre Berhan och Shashemene.  

Under projektets gång har det framkommit att den planerade stängningen inte går att genomför 

direkt. På grund av avfallssystemet uppbyggnad i Debre Berhan, finns det i dag inga andra 

alternativ till avfallshantering. En förutsättning för att stänga soptippen ät att ha en alternativ 

avfallsplan. Rekommendationen är därför att dela upp den planerade stängningen i två faser, en 

för och en efter avslutad dumpning på platsen. 

Vid stängning av en okontrollerad informell soptipp, är det lämpligast att använda lokalt 

tillgängliga material för täckning av avfallet. Det är också lämpligt att använda tekniker som är 

lätta att underhålla i framtiden för kontroll av miljöfarliga utsläpp. På grund av det höga 

organiska innehållet i avfallet är det viktigast att lägga de ekonomiska resurser som finns på att 

hantera produktionen av deponigas. Det är också en rekommendation att avleda ytvattnet som 

når soptippen. Genom att bygga vallar och svackdiken kan detta åstadkommas. 
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Acronyms 

ET Evapotranspiration  

EU European Union 

ISWA International Solid Waste Association  

LFG Landfill Gas 

SCF SymbioCity Facilitator 

SIDA Swedish International Development Cooperation Agency 

SW Solid Waste 

SWM Solid Waste Management 

WM Waste Management 
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1 Introduction 

The following chapter describe the background for the study, the company/project background, 

purpose, goals, boundaries, the research question and subqueries. The aim is to introduce and 

convey comprehension for the study.  

1.1 Background 

In 2015, the world leaders agreed to 17 global sustainable development goals to be achieved by 

2030 (Government Offices of Sweden, 2018). The ambitions with the goals are to end poverty 

and hunger and actualise human rights. They also aim to create a lasting protection for the 

planet against climate change and overuse of its natural resources.  

Industrialisation, urbanisation and migration from rural to urban areas are causes of the rapid 

expansion of cities and the increased economic standard in developing countries (Abduro & 

Ravikumar, 2019). The increased living standard brings both positive and negative 

consequences. In addition to creating more jobs and giving more people the possibility of 

getting saturated, it also leads to developed human activities and increased the consumption of 

products. Which create larger quantities of solid waste (SW) that need to be managed. The rapid 

growth of cities in developing countries has outrun the financial and manpower resources that 

handle public utility services in the city. Solid waste management (SWM) is an important 

service that has very often been neglected during the development and is not getting the 

resources required to fulfil its purpose.  

How, and if, the waste is collected, transported and disposed of, can all be reasons for great 

risks to the environment and public health. It is common, in especially poor neighbourhoods 

and in the outskirts of the cities, that no type of collection or transportation of waste is available. 

Approximately half of the world’s population do not get the most elementary waste collection 

services (D-Waste, 2014). Due to that the municipality are not providing the service to the 

citizens and private alternatives are either too expensive or not available. Globally, near to 40 

% of the generated waste is disposed of in open dumpsites with a high environmental impact, 

often located close to the society. In Africa alone, Abduro & Ravikumar (2019) says that less 

than half of the waste produces in urban areas are collected. 

Uncontrolled dumping is the most common method for disposal of waste in developing 

countries (Garfi & Bonoli, 2009). The unsorted waste is dumped at uncontrolled, uncovered 

sites with very little, if any, structural design. Dumping of waste is a very risky method for both 

the environment and the human health, this is one of the biggest challenges for developing 

countries (Miezah et al., 2015). With urbanisation and developed human activities, the 

composition of household waste has changed, from almost only organic matter to more complex 

waste including plastic, paper, metals and batteries.  

  



2 

 

With an average growth in economy of 10.3% per year during the last decade, Ethiopia has the 

fastest growing economy in the region (The World Bank, 2019). Despite the large economic 

growth, Ethiopia is still one of the world’s poorest countries with a per capita annual income of 

$783 in 2017. Due to the increase of waste and with a population and a society with limited 

resources and knowledge about the risks caused by the waste, the problems with undeveloped 

SWM-system is escalating rapidly.  

The SWM in the European Union (EU) is well developed and regulated. The legislation strictly 

guides the countries to use the waste hierarchic for waste management (WM), see Figure 1 (Di 

Maira et al., 2018). A goal that has been set for the member states of the EU is to recycle a 

minimum of 50% of all municipal waste generated before 2020, including organic waste. In EU 

almost 100% of the generated municipal waste is collected and treated by the municipalities.  

 

Figure 1. The different levels of waste hierarchic that encourage members of EU to minimise waste disposal (European 

Commission, 2019). 

This master thesis project was focused on the planned closing of an informal dumpsite in Debre 

Berhan. The dumpsite is located at the outskirts of the city, close to a groundwater reservoir. 

According to people working at the municipality in Debre Berhan, the availability of 

groundwater of good quality is one of the biggest sources of income.  

The informal dumpsite has arisen due to the inconvenient and remote location of the formal 

dumpsite outside the city. The dumpsite is uncontrolled and has no structure. There is limited 

information about the geological and hydrological conditions, and where leachate produced by 

the waste runs off. 
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1.2 SymbioCity in Ethiopia 

The project SymbioCity in Ethiopia is part of a pilot project implemented by the Swedish 

Association of Local Authorities and Regions (SKL) and its subsidiary SKL International 

(Ranhagen & Groth, 2012). The pilot project is part of the Global SymbioCity Approach 

Program founded by the Swedish International Development Cooperation Agency (SIDA). The 

objectives of the project are to increased awareness concerning SW. Both environmental and 

health orientated issues, increased sustainability and planning of SWM, as well as reducing of 

informal dumping are studied. It is centred to increase human health, safety, comfort and overall 

living quality.  

1.2.1 The Global SymbioCity Approach Program 

Based on a comprehensive experience in Sweden and in developing countries, the SymbioCity 

Approach encourage an integrated, holistic and multidisciplinary approach towards sustainable 

urban development (Ranhagen & Groth, 2012). Sustainable urban development is a 

complicated area that includes many different systems, fields and activities. To support the 

urban development process, the SymbioCity Approach provides general guidelines and 

overviews of the many issues and methods.  

The aim of the SymbioCity Approach is to invite mutual sharing of knowledge and experience 

and contribute with strategies for sustainable urban development. It aims to help cities plan for 

integrated and practical systems solutions (Ranhagen & Groth, 2012). Instead of replacing 

existing frameworks and policies, the SymbioCity Approach is a complement to the existing 

systems with knowledge and methods.  

1.2.2 Debre Berhan 

Part of the SymbioCity in Ethiopia project was located in Debre Berhan, a city about 130 km 

northeast of Addis Ababa in the region of Amhara, Ethiopia. It was founded in 1454 by Emperor 

Zera Yaeqob (Akyeampong et al., 2012). In the city there is a university, various colleges and 

schools as well as banks and hospitals (Tyagi et al., 2014). Agriculture was one of the main 

occupations for income in Debre Berhan. Other economic activities were blanket factories and 

tanneries. The SymbioCity in Ethiopia project focused on developing the municipal-SWM in 

Debre Berhan, with focus on collecting, sorting, recycling and disposal of waste.  
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1.3 Purpose and objectives 

To minimise the environmental and public health risks, the aim with this study was to identify 

a solution for closing the informal dumpsite in the Debre Berhan. The solutions needed to be 

low-cost, simple and easy to realize, but still give the best environmental protection. 

By evaluating environmental, social and public health aspects, recommendations for an action 

plan were elaborated. The action plan describes different solutions that could be used for closing 

of the informal dumpsite. 

To fulfil the aim with this study, following research question was answered: 

• Which environmentally friendly solutions are at low-cost, efficient, and possible to 

use, when closing the informal dumpsite in Debre Berhan, Ethiopia? 

Following subqueries were identified to answer the research question:  

• What are today’s preconditions connected to SWM in Debre Berhan?   

• Which are the potential technical and non-technical solutions for closing an open 

dumpsite?  

1.4 Definition of scope 

This project focused on the specific situation and area of the informal dumpsite in Debre 

Berhan. The report reflects the SWM situation in developing countries, such as Ethiopia, and 

different solutions that have been used. The solutions that were analysed were low-cost, simple 

and preferably quick and easy to realize. High-cost solutions were not an option for this specific 

case study about the informal dumpsite in Debre Berhan.  
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2 Case Description and Method  

This section is a description of the work procedure and choice of methodology used to answer 

the question at issue. It will cover how data was obtained as well as the progress in the analysis.  

2.1 Case Study 

The general implementation for the thesis work was performed as a case study. Due to the range 

of the project, the thesis consisted of, and applied to, a specific place with certain needs. 

According to Noor (2008) a case study is intended to focus on a specific issue or unit and not 

include an entire organization. The process will make it possible to understand the real-life 

activities involved in the situation. A simple way to explain when a case study could be 

implemented is to question how and why things occur (Noor, 2008).  

2.1.1  Study area   

The thesis project was focused on one of the two largest informal dumpsites in Debre Berhan, 

located in the northern part of the city, at an old quarry site used for excavating paving stones. 

The excavating of paving stones started in 2012-2013 and it was active for approximately four 

years (Google, 2019).  At the time of the thesis project the dumping of waste had been ongoing 

for less than three years. The city administration had no control over the amount of waste that 

arrived into the area and where it was deposited. An estimation made by the city administration 

was that approximately 50 % of the collected waste from the city was deposited at the dumpsite. 

The area of the dumpsite was approximately 2.5 ha. The marked area in Figure 2 shows where 

the investigated informal dumpsite is located. 

 

Figure 2. Map over Debre Berhan, the marked area is where the informal dumpsite is located (Google, 2019). 
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Along the side, about 10 meters, from the northeast edge of the dumpsite, a river passes, that 

supplies farmers with water and is also used for drinking water supply, washing and hygienic 

purposes. The river can be seen in Figure 3. The river later connects to the Nile River, which 

continues its flow through Egypt.  

 

Figure 3. Overview of the area near the informal dumpsite (Google, 2019). 1: The informal dumpsite, 2: The federal prison, 

3: The water bottling company. 

Less than 400 m upstream from the dumpsite a water bottling company is located, that supplies 

the region with bottled water, number 3 in Figure 3. The federal prison, number 2 in Figure 3, 

is situated southwest of the area, towards the civilisation.  

In the middle of the waste body leachate accumulates in a dam, northwest of the number 1 in 

Figure 3, and the size of the dam differs with the seasons. During raining season, the leachate 

dam covers a larger area at the dumpsite and during the dry season the evaporation from the 

dam decreases its size. The leachate dam is marked as a blue area left of number 1 and the flow 

direction of the river and surface water are presented with black arrows.  

Except for dumping of waste, the informal dumpsite is used for feeding of animals, such as 

donkeys, horses and sheep.  

  



7 

 

2.1.2 SymbioCity in Ethiopia project 

The closure of the informal dumpsite in Debre Berhan was a supplement to the project 

SymbioCity in Ethiopia, a holistic and integrated approach to urban planning. In this case the 

focus was on developing the SWM. The objectives for the project were to increase 

awareness concerning environmental and health effects connected to SW. It also strived to 

increase sustainable development and establish of work with SWM methods as well as reduced 

informal dumping. It was centred to increase human health, safety, comfort and overall 

living quality in Debre Berhan. Both technical and social approaches was deliberated. The task 

for the thesis project was to produce an action plan with potential solutions by collecting data 

both in field and as a literature review. The case study was performed to identify preconditions 

and investigate current assets to close the dumpsite in a sustainable way.   

Table 1. Presenting how the thesis is connected to the SymbioCity approach. 

Approach Pilot project Thesis project 

SymbioCity Approach  SymbioCity project in 

Ethiopia  

Closing of an informal dumpsite in 

Debre Berhan  

2.1.3 Core team 

In the municipality of Debre Berhan a working group in Ethiopia was established to work 

throughout the project period. A SymbioCity facilitator (SCF) was appointed to guide the 

working group in terms of expertise. Process support was carried out by the SCF during the 

project, to help draw conclusions that are beneficial to the development (SKL International, 

n.d). Communication between the working group, SCF and a national urban expert at SKL 

International was established to be able to implement the SymbioCity Approach in the city. The 

people working in the core team was experts in the field and working within the municipality.  

2.2 Implementation  

The role of SCF was publicly tendered and awarded to an expert employed at Sweco 

Environment. Sweco Environment AB has great knowledge within the SWM area, as well as 

within working with projects outside of the markets where Sweco have permanent offices. The 

colleagues play an important role in communicating with Ethiopia and understanding of the 

associated project. During the case study interviews were performed with relevant candidates 

connected to the study, recommended by the SCF. With the information collected from the 

interviews, and the observations at the dumpsite, a more specific research question could be 

compiled. A literature study was applied to be able to define and reach an adequate solution.  
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2.3 Scientific method 

A qualitative approach was applied in the case study. Qualitative studies are characterized by a 

flexible working process. This makes it possible to adapt the question of issue during the 

investigation (Holme & Solvang, 1997). Collecting information about the site will create a 

foundation for the proceeded work and make it possible to design a potential action plan for the 

dumpsite. The strength with qualitative methods are the opportunity to fulfil the special needs 

of the task.  

According to Wallén (1993) a qualitative study is implemented to trace characteristic features 

by observation in a theoretical context. It also makes it possible to estimate context and function 

despite incomplete data. Therefore, it is necessary to be able to understand a problem even if it 

is considered vague. To be able to understand a qualitative study, the signification needs to be 

interpreted (Wallén, 1993).  

The method selected to evaluate scientific issues from a social perspective, could be divided 

into qualitative and quantitative methods. Quantitative methods are used when information can 

be transformed into numbers and amounts, it requires a specific selection and interval (Holme 

& Solvang, 1997). Qualitative methods, on the other hand are used when interpretation and 

perception is necessary, in situations like social processes and contexts.  

2.4 Field observations  

The working process included a study visit to the city of Debre Berhan, and the informal 

dumpsite, to observe and get an overview of the preconditions. According to Bhat (n.d), field 

research means collecting of data in a natural environment with an aim to observe, interact with 

and understand a situation. It specifies as a qualitative method; the observations will enhance 

the quality of the work and makes it possible to obtain a better comprehension of the problem. 

Spending time in the city and gaining overall expression of the living qualities in the city makes 

it easier to evaluate and define strategies that could be used. 

2.5 Interview study  

As a method for the interviews, semi-structured interviewing was selected. It offers adaption in 

question for different respondents based on their knowledge, position and involvement in the 

study (Noor, 2008). To obtain a good overview of the problem, general questions about the case 

was asked to all involved respondents.  This design will provide adequate cover for the research 

by offering different insights.  

According to Wallén (1993), interviewing using standardized questions have been proved not 

to be efficient as information gathering. A qualitative interview approach called in-depth 

interviewing is a technique based on the individual. The interview is adapted during the 

conversation by follow up questions when appropriate (Wallén, 1993). The conversation will 

proceed as a natural and relaxed conversation. It is important to have a research question and a 

project that is up to date and meaningful for the people connected to the study (Wallén, 1993). 

The in-depth interview method is a complement to the semi-structured interview method.  
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2.5.1 Interviewed participators 

A limit for this interview study was to identify qualified participants where communication was 

possible. In this case, the main difficulty was to find English-speaking candidates. Therefore, 

different questions were compiled to suit the specific expertise of each interview candidate, see 

Appendix A for a summary of the questions and answers. The participants were proposed by 

the SCF.  

2.6 Literature study  

The main work of the thesis was performed as a literature study. The purpose was to gain 

information of previous projects and potential techniques for closing of an open dumpsite. The 

method is considered effective, due to the quick and cheap collection of data (Travis, 2016).  

2.6.1 Snowball approach 

To be able to structure and identify relevant information during the research, the snowball 

approach was implemented. It is a course of action to investigate if a publication is relevant and 

trustworthy, as well as to find other sources to use. A start set is chosen by formulating search 

strings and identifying key words. Then useful papers were identified. In this project, the 

primary databases used for this matter, was Google Scholar, Scopus and the Library Archive at 

Luleå University of Technology (LTU).   

The identified papers will provide the foundation of the snowballing. The snowball procedure 

consists of both backward and forward snowballing. Backward snowballing implies to find new 

papers by using the reference list in a paper (Wohlin, 2014). Forward snowballing is to identify 

other papers that cite the examined paper. When there is no new paper to be found, the 

procedure is presumed to be finished.  

 

2.6.2 Key words and source criticism  

Four criteria are applied to observe a source and its credibility in the research (Internetstiftelsen, 

n.d). First, the legitimacy is evaluated, this means if the source is trustworthy. The second 

criterion is to be able to examine if the facts are up to date, by checking when the work is 

published. The dependency towards other papers are also important as a third criterion. The 

fourth and last criterion is to evaluate if the source is impartial.  

Key words: Informal dumpsite, Ethiopia, Debre Berhan, developing countries, closure 

methods, SWM. 
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2.7 Analysis 

The results from the interviews, field observations and literature review were used as a base for 

the analysis and discussion. Information about possible solutions was compared with today’s 

conditions in Debre Berhan and at the informal dumpsite. Possible solutions for closure were 

evaluated and discussed to fit the limitations concerning economy and available techniques. 

The evaluation focused on easy implementation and management of the recommended emission 

control systems. Calculations were made to estimate the amount of emissions to support the 

recommendations for closure of the informal dumpsite.   
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3 The SWM Background in Developing Countries 

The following chapter describes the background connected to SWM in developing countries. It 

will include previous research and information about dumpsites. The information will later be 

used as a foundation for the analysis and discussion.  

3.1 SWM in developing countries 

3.1.1 Waste generation  

When planning to close an open dumpsite, it is important to investigate the waste generation 

patterns. The information is used to gain knowledge about waste generation, challenges and 

management methods from former projects to understand and minimise the problems connected 

to SWM. Khajuria et al. (2010) related waste generation with the economy; an increased 

economy will result in increased waste amounts. Another study shows that the waste content 

and amount depend on the population, socio-economic status of the citizens, level of 

industrialization and commercial activities performed within a city (Babayemi, 2009). In 

general, the amount of biologically degradable waste is more than 60 % in developing countries, 

compared to industrial countries that have less than 30 % (Khatib, 2011). 

Philippe (2009) studied similarities and typical limitations within waste generation and 

management in Haiti and compared the results with African countries. Philippe saw concordant 

trends that waste generation and management were limited by the lack of technical 

development, economic conditions and misunderstanding of social as well as cultural nature.  

3.1.2 Collection and transportation 

Collection of waste in developing countries is often inadequate and undeveloped. The collection 

service often only serves a limited part of the city. The more central areas often have SW-

collection while the outskirts are not covered by the waste collection service. Studies have 

shown that unclean areas and areas with limited collection of waste have a higher rate of crime 

and feeling of unsafety (The Guardian, 2017).  

Vehicles used for collection and transportation of waste are often simple. Hand- or horse carts 

are two common transportation methods used by waste collectors in developing countries 

(Zewdu & Mohammedbirhan, 2014). Imported collection trucks and garbage trucks used in 

industrial countries are often implemented to help with collection and transportation of the 

municipal-SW (Zurbrugg, 2003). After a short period of time it is common that only a few of 

the initial numbers of trucks remain in operation due to the vehicles being too advanced and 

expensive to operate.  
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3.1.3 Common methods used for SWM 

In developing countries, the most common method for SWM is uncontrolled open dumping 

(Zurbrugg, 2003). The waste is dumped along roadsides, in ditches, rivers and other open areas. 

This is performed with no form of control of neither the contents of the waste nor knowledge 

of the characteristics of the area. Also collected waste is openly disposed in uncontrolled 

dumpsites. Another common SWM-method in developing countries is burning of waste. It is 

mostly done by people who cannot or do not want to pay the collectors for collecting their 

waste. The burning often takes place at the backyard or in the street. Burning of waste is also 

done in dumpsites to minimise the odour and volume of the waste.  

Biological treatment is not a commonly used method in Africa. There have been some attempts 

to start facilities for composting in different regions in Africa. Due to high costs and lack of 

knowledge about how to operate of the facility, this has often failed (Taiwo, 2011). Poor sorting 

of the waste has been another reason for failure of the treatment, due to plastic and other 

inorganic waste disturbing the process. In rural areas, however, biological treatment of the 

waste is common due to the waste consisting of almost 100% organic waste (Abduro & 

Ravikumar, 2019). The people living in rural areas compost their waste in their backyards in 

order to use it as fertilizers in farming.  

3.1.4 Landfill 

A landfill, the controlled form of an open dumpsite, is a waste disposal system in or on land 

where waste is long-term stored and buried (Christensen, 2010). The construction of a landfill 

is focusing of creating a dense bottom and top layer and control the emissions from the area by 

collecting leachate and landfill gas (LFG). This is done to manage the long-term storage and 

isolation of waste from the surrounding area. Landfilling is one of the most common methods 

of disposing waste in the world.  

When looking on today’s waste management in developing countries, it is easy to see 

similarities to the situation in industrial countries only a couple of decades ago. Until the 90´s 

the waste management in Sweden was mostly linear and almost all the generated waste was 

either deposited on landfills or incinerated (VafabMiljö, n.d). The legislation has since then 

developed and now it is forbidden to deposit waste with high organic content on landfills. 

Sweden is today focusing on reducing, reusing and recycling waste. It has been a rapid 

development and developing countries has now the possibility to benefit from the knowledge 

from industrial countries.  
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3.1.5 Closing of uncontrolled dumpsites 

For deciding on a closure method for a dumpsite, a study of the specific area should be 

performed (see appendix B). The study needs to consider the affordability and sustainability of 

WM options at the municipality and still try to make an improvement of the actual and potential 

effects on the environment caused by the dumpsite (D-Waste, 2014). Before choosing a method 

for closing of a dumpsite, it is not always the most advance and complicated technics that are 

the most suitable one. Less advanced and cheaper technics can have a great effect for 

environmental protection. They are also affordable for the areas that are in need of these 

solutions.  

According to D-waste (2014) and International Solid Waste Association [ISWA] (2016) there 

are three main methods for closing an open dumpsite in-place-, evacuation/mining- and 

upgrading method. The study preformed on the dumpsite in question is used as a foundation 

for choosing of method. The methods are used for different situations depending on the 

environment and health related issues. It is also a question about the economic situation and 

availability of materials and techniques, when deciding which method to use.  Table 2 presents 

a summary of the different methods. 
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Table 2. Three recommended methods when closing an open dumpsite, based on ISWA (2016). 

 In-place method 

(most common) 

Evacuation/mining 

method 

Upgrading method 

Description of 

method 

Used when there is 

no more space for 

disposal of waste or 

there is a severe risk 

for the 

environmental or 

human health. 

Involves removal of the 

waste from the open 

dumpsite to another 

more suitable area, 

often a proper landfill. 

Can be combined with 

recycling and treatment 

of hazardous waste. 

Needs open space 

available near 

existing dumpsite 

for disposal of new 

waste. The new area 

is designed as a 

proper landfill. 

Economy Cheapest and easiest 

method for closing 

of a dumpsite. 

Moving the waste 

requires expensive 

techniques.  

Controlling the old 

and the new waste 

requires expensive 

techniques. 

Boundary 

conditions 

It is required to have 

an alternative waste 

disposal plan. 

The new area where the 

waste is transported 

needs to be able to 

receive the waste 

The already existing 

dumpsite is in stable 

conditions and the 

waste is isolated. 

The dumping of 

waste has to be fully 

stopped before 

choosing this 

method. 

Creates odour problems 

for people close by 

when excavating the 

waste and transporting 

it to the new area. 

There is a low risk 

of contaminating the 

groundwater and the 

distance to society 

and water bodies is 

not an issue.  

After closure  Possible to install 

collection and 

treatment systems if 

needed. 

After the removal of the 

waste, the area should 

be marked as an old 

dumpsite and possible 

source of pollution. 

The waste is only 

MSW and not a 

mixture with 

hazardous waste. 

Potential to use the 

area when cleaned. 

Potential to use the area 

when cleaned. 

Minimises the risk 

of new disposal 

areas for waste in 

the city.  
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3.2 Environmental issues with SWM in developing countries 

All forms of waste management methods affect the environment in some way, the difference is 

how much. In most industrialised countries the waste disposal, the aftercare and the treatment 

of emissions are well developed (Christensen, 2010). This helps minimising the environmental 

effects caused by the waste. The waste management methods commonly used in developing 

countries are often poor and after care as well as treatment of emissions rudimentary. This leads 

to a more effected environment and higher risks for people living close to the waste disposal 

area. These effects can be seen as disturbance of fauna and flora in the area and emissions into 

water, soil and air. The three main factors contributing to the environmental impact from the 

waste are; the methods used for disposal of the waste, conditions of the surrounding 

environment and composition of waste at the dumpsite.  

Christensen (2010) describes the potential impact of landfilling on the environment. His 

description is mostly based on knowledge from several years of observations at old covered 

dumpsites that were built with minimal collection and treatment of emissions. There are three 

categories of observations (air, land and water) and Figure 4 shows the range of the different 

potential environmental impacts. The scale in Figure 4 is exponential in kilometres and the 

thickness of the marker shows if the impacts is mostly local (thicker to the right) or global 

(thicker to the left). The impacts the environment are directly applicable to open dumpsites and 

it is reasonable to think that the impacts might even be higher due to the waste not being covered 

(Christensen, 2010).  

 

Figure 4. The estimated range of each potential environmental impacts from the evaluated landfills on the surrounding 

environment (Christensen, 2010, Figure 10.2.1). 
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As can be seen in Figure 4, the range of impact is mainly local for the different categories except 

for two of them, greenhouse gas emissions and ozone depletion (Christensen, 2010). These 

impacts are caused by LFG released into the air containing CO2 and CH4. Carbone dioxide 

(CO2) and Methane (CH4) are the two greenhouse gases that contribute the most to global 

warming and they are released when organic matter in the waste decomposes.  

The two biggest factors that cause the environmental issues from open waste disposal are LFG 

and leachate.  

3.2.1 Landfill gas 

Decomposition of organic matter in waste generates LFG that primary contains of CO2 and CH4 

(Lagerkvist, 2003). CH4 is, except from contributing to the greenhouse effect, causing risks of 

explosion It can also pollute surrounding soil, damage the vegetation or travel underground to 

distant locations. If LFG is generated under a dense cover, pressure can build up and damage 

the cover, or the gas can leak along paths where the soil is less resistant. If the dumpsite contains 

degradable organic matter, LFG can be expected to be produced, which makes it crucial to 

install proper collection and management systems (Christensen, 2010).  

3.2.2 Leachate  

Contamination of soil, surface- and groundwater through leachate is a big risk with uncontrolled 

dumpsites. When water leaches out from the dumpsite it can contain large amount of toxic 

material and pathogenic microorganisms (Dubey et al., 2016). If the leachate reaches surface 

or groundwater, the risk of spreading diseases increases rapidly. In developing countries, the 

surface- or groundwater that is available are used for drinking and washing. This is mostly done 

without any kind of purification. According to Alemayehu (2001), who conducted an 

environmental study in Addis Ababa, improper disposal of domestic and industrial waste have 

contributed to high levels of nitrate, chromium and manganese in shallow groundwater. If 

leachate infiltrates trough soil, the particles in the soil can adsorb the pollutants in the leachate. 

In the areas around dumpsites, studies have shown high contaminations of soils with heavy 

metals and other pollutants (Ferronato & Torretta, 2019).  
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4 Debre Berhan  

The following chapter will describe the current situation and conditions in Debre Berhan. It 

will cover how the SWM-system is handled today and describe the area of the informal 

dumpsite, how it was obtained and the situation in the area today. The information was obtained 

by prior reports, interviews and observations of the site and the society. For further information 

see Appendix A.  

4.1 The City of Debre Berhan 

The city of Debre Berhan is divided into nine districts called Kabeles, shown in Figure 5 (Tyagi 

et al., 2014). These are lower level administrative units that provide services to the inhabitants 

of the Keble. The Keble structure is also an important information channel. When new 

information or updating of different systems are implemented within the city, the chairperson 

of each Kabele is informed by the city administration, and then expected to spread the 

information to the citizens. The information chain includes major flaws and there is a risk of 

misunderstanding and misinterpretation of changes that are implemented.  

 

Figure 5. Kabele limits (Dagne Amdetsion, 2016, Figure 5.6). 

The official number of inhabitants in Debre Berhan is 110,000 people (Tyagi et al 2014). The 

municipality estimates that the actual number of inhabitants in the city is about 125,000, this is 

due to the fact that the national census that determines official numbers are carried out with 

several years gap and therefore not accounting for the rapid urbanisation.  because there are 

uncertainties about the number of people living in the outskirt of the city and outside the city 

border. The largest sources of income in and around the city are agriculture, breweries, tanneries 

and blanket factories. Furthermore, it is common to work with animals either by herding goats 

and cows, or using them for labor, such as donkeys and horses for transportation.  
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4.2 The urban development in Debre Berhan 

Together with a rapid population growth Debre Berhan is under strain in the process of creating 

and developing the SWM, surface water management, drinking water and sanitary management 

and at the same time protecting the environment. The urban development is influenced by 

several stakeholders in the city including the municipality, local organization such as religious 

groups, unions, local business etc. SWM was raised as an important and serious problem by the 

city administration in the beginning of the SymbioCity project. An improved SWM-system 

would create job opportunities, make the city more attractive and improve the feeling of safety.  

According to the city administration, at both the citizen- and politician-level, the main problem 

within SWM is the lack of knowledge about the issues connected to SW and SWM. Creating 

awareness about the issues among the citizens and politicians, should be part of the 

development of the SWM system. The initial challenge is to find experts within SWM that can 

provide knowledge and information to the entire city. The newly started municipal department, 

SWM and Sanitation Department, is a part of solving this problem.  

4.2.1 Potential tourist city 

Debre Berhan is one of the oldest towns in Ethiopia and have monuments of great historical 

value. For example, the church is a common destination for pilgrims. The high-altitude also 

makes it suitable for high-altitude training. A fitness center is already established for this 

purpose in Debre Berhan. This could be an important incentive to keep the city clean with the 

goal to display the city in its best form. Therefore, developed SWM system will have an 

essential impact on future activity in the city.  

4.3 Environmental conditions in Debre Berhan 

4.3.1 Climate 

The climate in Debre Berhan is characterized as a cool temperate climate, this means that the 

temperature range between seasons are narrow and lower compared to other areas at the same 

latitudes. The annual temperature is 15 °C with a variation of ± 5 °C (Climate-data, 2019). The 

high elevation of Debre Berhan is the reason for the cool climate. The city has an average 

altitude of 2840 meters above sea level (Tyagi et al., 2014).  

Overall, the weather is cloudy but there are variations over the seasons (Weather Sparks, 2019). 

One parameter that highly affects the weather is the wind direction, the most common wind 

direction is east with an average force of 3 m/s. In compare to other similar latitudes, Debre 

Berhan receive less precipitation in wintertime, December is the driest month. The rainiest 

month is July (Climate-data, 2019). The annual precipitation is 1000 mm/year, with an average 

precipitation of 200 mm/month during the rainy season. 
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4.3.2 Surface water  

Debre Berhan consists mostly of concrete and sheet metal houses. The main roads are paved 

and the drainage system, red marking in Figure 6, from the roads are built in concrete. These 

factors reduce the infiltration of precipitation and increase the runoff from the area. Figure 6 

shows the drainage system in the city and the flow of drainage water towards natural water 

bodies. The arrows point out the direction and the size of the arrow explains the dimensions of 

the flow.  

 

Figure 6. Drainage Pattern of Debre Berhan (Dagne Amdetsion, 2016, Figure 6.1). 

4.3.3 Environment 

Debre Berhan is surrounded by farmland, since the city has a high share of households that rely 

on income from agriculture.  Lentils, teff, beans, wheat, peas and barley are the most commonly 

cultivated crops. Naturally occurring plants that were identified during field observations are in 

general species of high grass. 

4.3.4 Geology and soil type 

The general soil composition in the area are black cotton, red clay soil and brownish clay soil. 

Black cotton is a highly expansive soil with a high percentage of clay that expands when the 

moist content is increased (Gaikwad, 2014). The swelling creates a volume increase of up to 

300 %. This fact makes black cotton non-reliable as construction material for infrastructure and 

buildings. Both the red clay soil and the brownish clay soil are rich in weathered minerals and 

therefore, they have these typical colors (Land information system, 2019).  

The geology at the informal dumpsite is described as rocky since the time of the quarry site. 

There is no information about cracks and soil characterization from the area. The accumulated 

leachate dam that is located in the middle of the dumpsite can be seen as a sign of low 

infiltration, which can be due to either very few or clogged cracks in the bedrock.  
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4.3.5 Hydrogeology 

A large groundwater reservoir is located outside the northeast part of the city, approximately 

600 meters upstream from the dumpsite. The groundwater is considered as one of the most 

important resources by the municipality. Studies show good quality in general, but the water is 

highly sensitive to pollutants, and planned activities should require sensitive environmental 

protection mechanisms, to avoid emissions that can have negative effects on the water (Dagne 

Amdetsion, 2016). Recharge of the aquifer is mainly from infiltration by rainfall. The general 

flow direction is to the northwest.  

4.4 The SWM-system  

The SWM-system in Debre Berhan is based on self-employed SW-collectors. Due to lack of 

control and regulation, the system is inconsistent and under-dimensioned. The largest share of 

waste collectors are young women that use the waste collection as a key livelihood strategy. 

The most common way is to buy a horse and cart to collect and transport the waste. This requires 

a certificate issued by the SWM and Sanitation Department. It is possible to get support from 

the financial office to afford the purchase of a horse and cart.  

The self-employed SW-collectors work as door-to-door collectors and are payed directly by the 

households. This makes the collectors exclude the poorest neighborhoods and prioritize the 

more financially secure areas. There are also informal SW-collectors that do not have a 

certificate. This leads to the certified collectors losing job-opportunities and the overall 

collecting of waste become unorganised and failing. Beyond door-to-door collecting, the city 

administration employs street sweepers to clean the main streets. They are paid by the 

municipality to work with keeping the streets free from debris. 

The formal dumpsite in the city is located several kilometers outside the city center. Due to the 

long distance and the most common transportation of waste being carried out by horse and cart, 

it is an almost impossible task to dump the waste at the formal dumpsite. Therefore, the 

collected waste is deposited at informal dumpsites or in open spaces as ditches and streams in 

and around the city. Table 3 shows the results from a study made by Tyagi et al. (2014) and 

describes how the people are managing their waste according to the most common disposal 

methods.  

Table 3. The usage of the most common waste disposal methods in Debre Berhan (Tyagi et al., 2014). 

Disposal Method No. of respondents 

Public open spaces 130 51.6% 

River and ditches 52 20.6 

Municipal carts 63 25% 

Burning  7 2.8% 

Total 252 100% 
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The city administration estimates the general amount of waste per household to one rice-sack 

per week, with a volume of 50 liters.  According to Tyagi et al. (2014) only about 25 % of the 

generated waste is collected in Debre Berhan. According to the municipality, almost 50 % of 

the formally collected waste is dumped at the informal dumpsite. The total amount of waste at 

the informal dumpsite was estimated to be 25,000 m3, with an accumulation of more than 8,000 

m3 of waste/year [see Appendix D for full calculation]. The percentage of informally collected 

waste that is dumped at the informal dumpsite is estimated to be even higher. With no further 

information about the amount, this was not taken in consideration when calculating waste 

amount at the dumpsite. 

4.4.1 Waste composition and recycling 

The generated waste in Debre Berhan contains of about 80 % of degradable and 20 % of non-

degradable materials (Tyagi et al., 2014). Table 4 presents the distribution of different types of 

waste generated in Debre Berhan. The degradable waste consists mainly of materials rich in 

fiber, such as peels from fruits and slaughter residuals, and this is the main waste disposed at 

informal dumpsites. The non-degradable waste consists of glass, plastic and metals with a high 

recycling value (Tyagi et al., 2014).  

Table 4. Composition of municipal waste (Tyagi et al, 2014) 

Type of waste  Weight percentage of waste 

(wt. %/tot. waste) 

Biodegradable waste:  

Vegetable and leftover food  33 

Paper waste 20 

Ash, wood and charcoal leftovers 25 

Chat leaves and sticks 2 

Non-degradable waste:  

Plastic waste  13 

Metallic waste 4 

Glass waste  3 

Total 100 

 

It is common that household’s sort and gather larger recyclable materials, like metal, glass, 

Jerry-cans (hard plastic) and parts from old vehicles and sell it directly to scrap dealers called 

Qorallios. The Qorallios sell them to factories or transform the waste into something useful, 

such as cans and gym-equipment, to sell at markets. 

Open dumpsites are in general connected to scavengers and people who live and work at the 

dumpsite. Due to the overall poor economic situation in Debre Berhan and the low amount of 

potential recyclable materials reaching the dumpsites, there are just a few persons that live from 

scavenging. These people search for plastic bottles, bones and food.  
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4.4.2 Transportation and vehicles 

The door-to-door SW-collectors are, as mentioned before, given certificate and the possibility 

to get financial support to buy horse and cart, which is the main transportation method for 

collection of SW in Debre Berhan. There are private vehicles that are used for collection of SW 

from hotels, restaurants and other larger businesses that can afford the service. When the private 

vehicles are used for collecting waste, they are mostly dumping it at the formal dumpsite outside 

the city.  

Today the municipality owns a truck with a trailer that is used for every occasion, from 

collecting waste to transporting construction materials. The truck is in need of maintenance and 

money for fuel is scarce. To create a sustainable and developed SWM-system, the municipality 

is in need of functional vehicles to transport the waste to the formal dumpsite areas. Due to the 

amounts of waste generated and due to hygienic factors, the truck should only be used for SW-

collection. Buying new vehicles are expensive for the municipality. 

4.5 Main challenges at the informal dumpsite 

Except from the adverse visual effect, the dumpsite contributes to uncontrolled spreading of 

waste transported by wind and water. As described earlier, the waste generated in Debre Berhan 

mostly contains of organic matter, and when it decomposes gas is produced. According to Seti 

& Rosqvist (2013), the gas production will decrease over time. Even though the highest gas 

production will be during the first 10 years, it will continue for a long time. The released LFG 

does not only contribute to greenhouse gases that effects the global environment but can also 

migrate to surrounding areas and become a health risk for the citizens. 

When water percolates through the dumpsite, it collects mobile elements and pollutants and 

spreads it out into the surrounding areas and water bodies. The pollutants may have a toxic 

effect on the environment and on people or animals using the water for drinking. 

During the rain period, flooding is a recurring problem in Debre Berhan. The floods create 

problems with erosion by the river and inaccessibility to the dumpsite due to flooded roads. 

Therefore, the waste is disposed before the entrance of the dumpsite, along the prison wall. 

When water passed through the waste along the prison sides, it creates leachate and sludge 

transported into the prison, creating an unpleasant environment for detained and guards.  

Another major challenge with the informal dumpsite is to prevent people and animals from 

walking in the area in order to find food or collect recyclables. The exposure to pollutants, 

vermin that carry diseases and the risk of getting injures or infections is high and makes their 

living conditions unsustainable. 
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5 Analysis and Discussion 

5.1 Which environmentally friendly solutions are at low-cost, efficient, and possible to 

use, when closing the informal dumpsite in Debre Berhan, Ethiopia? 

With the rapid economic changes and urbanisation that Ethiopia is experiencing, challenges 

within the society are developing and changing character. Waste generation follows the 

economic growth, and with an economic growth of 10.3 % per year the waste amounts were 

increasing rapidly. To develop in a sustainable way, Ethiopia and Debre Berhan need to develop 

and expand their SWM-system from an uncontrolled linear system to a more controlled and 

circular form.  

When planning and developing Debre Berhan’s SWM-system, both social and environmental 

aspects needs to be addressed. A developed SWM contributes to improved public health, safety 

and a dignified life for citizens. Developing the SWM-system in Debre Berhan will reduce the 

environmental issues connected to uncontrolled dumping of waste. It will also contribute to 

increased recycling and sorting of materials. An important part of the development is to close 

informal dumpsites around Debre Berhan.  

ISWA (2016, [see Appendix B for full description]), describes how the different parts of the 

society are connected and will be affected by improved SWM. It points out the importance of 

involving both physical and governance issues when planning to close a dumpsite. In order to 

prevent the development of SWM in Debre Berhan from failing, it is necessary to address 

financial issues when closing the informal dumpsite.  

5.1.1 What are today's preconditions connected to SWM in Debre Berhan? 

The SW-collectors in Debre Berhan are self-employed door-to-door collectors and responsible 

for planning their own collection areas. As described earlier, this leads to prioritising financially 

secure areas and leaving other areas without collection. It is estimated that almost half of the 

households in Debre Berhan are left without collection of waste, which results in dumping into 

streets, streams and other areas where there is open space. The collected waste is mostly 

transported by horse and cart, and with the long distance, makes it almost impossible to dump 

the waste at the formal dumpsite. The informal dumpsites close to the city are the best options 

today. The main challenges in the development of SWM for the municipality in Debre Berhan 

are, according to Tyagi et al. (2014), financial support, technical capacity and access to 

manpower. 

By looking at satellite pictures over the investigated dumpsite during the past eight years, the 

transformation from untouched open landscape into a quarry site and later a transition to a waste 

dump becomes visible, see Figure 7. By studying the timeline, it was possible to estimate that 

the extraction at the quarry site began between 2012 and 2013 and continued until the end of 

2016. In January 2018 it was possible to distinguish waste in the middle of the quarry site. This 

makes the period for dumping of waste shorter than three years. It is estimated that more than 

half of the collected waste is dumped at the informal dumpsite. With this information it is 

possible to estimate that the total amount of waste at the site is approximately 25,000 m3 [see 

Appendix D for full calculation]. The amount of disposed waste at the informal dumpsite is 

estimated to be more than 8,000 m3/year.  
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Figure 7. Timeline that describes the change of the landscape at the informal dumpsite during the last eight years (Google, 

2019). 

During the first years, the estimated gas generation is 10-20 m3 of gas/ton of disposed waste for 

SW (Serti & Rosqvist, 2013). The generated gas will decrease over time and can continue for 

up to 100 years depending on the content. Waste that consist of 40 wt-% degradable material 

will in total produce about 800 m3 gas/ton during the degradation process. Since the waste in 

Debre Berhan consist of more than 80 wt-% degradable material, it is estimated that the 

informal dumpsite has a total gas generation of 1,600 m3 of gas/ton. 

Another issue at the informal dumpsite is generation of leachate. By infiltration of surface water 

and degradation of organic matter, leachate is produced. The released leachate containing 

elements that can disturb the surrounding environment and waterbodies. When covering the 

dumpsite, infiltration of surface water will be limited, and leachate will be produced mainly 

during the degradation process.  

To obtain a strategy for the surface water and minimise the inflow to the dumpsite, calculations 

have been made to estimate the amount of water that reaches the dumpsite area to 140,000 

m3/year. [see Appendix C for full calculations]. The informal dumpsite is a catchment area for 

surface water from at least 10 ha of the city, see Figure 8.  

Nov. 2012 May. 2013 Dec. 2014

Dec. 2016 Jan. 2018
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Figure 8. Catchment area for the informal dumpsite by surface water (Google, 2019). 

5.1.2 Which are the potential technical and non-technical solutions for closing an open 

dumpsite?  

As described in 3.1.5 Closing of an open dumpsite there are three different methods for closure 

of an open dumpsite; Evacuating/mining method, In-place method, and Upgrading method. In 

Table 2, the three methods are listed with their advantages and disadvantages. By comparing 

the present conditions at the informal dumpsite with the different methods, the most suitable 

method for this particular dumpsite can be chosen.  

The Evacuation/mining method involves removal of the waste from the open dumpsite to 

another more suitable area, often a proper landfill. This will require access to excavators for 

extraction of the waste and polluted soils, and vehicles for transportation. In Debre Berhan this 

will not be possible with today’s existing conditions, both economically and due to the limited 

accessibility of vehicles. The method is very expensive, and the waste needs to be disposed in 

another area with enough space for all the waste and there are no such areas in Debre Berhan.  

The area where the informal dumpsite is located, is not suitable for continued waste disposal, 

not even in a controlled way. There are considerable environmental risks and the area is 

restricted in space, which makes the Upgrading method not suitale in Debre Berhan.  

The In-place method is the most common and economically favourable method. When choosing 

this method, the dumping of waste must be fully stopped, and an alternative waste disposal plan 

is required. When closing a dumpsite with the in-place method it is possible to address the 

emissions from the area after closing, and to install collection and treatment systems if 

necessary. The in-place closure method includes a cover of the waste to isolate the waste from 

the surroundings. Therefore, the in-place method is the most suitable method for closing the 

informal dumpsite in Debre Berhan.  
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According to ISWA (2016, [see Appendix B for full description]) there are three different cover 

designs that are possible to use when closing an open dumpsite. One design is covering by 

upgrading, but due to the reasons mentioned above, this is not an option for the informal 

dumpsite in Debre Berhan. The other two designs are Resistive cover and Evapotranspiration 

(ET) cover. Both cover designs can be used when covering and fully closing a dumpsite. The 

main difference between the methods is the construction of the cover. The resistive cover 

involves a barrier layer that often consist of a flexible geomembrane and is often used when 

there is no local soil that is possible to use.  

The ET cover consist of a thick single soil layer, that can store the infiltrating water without 

connecting it with the waste and release it back to the atmosphere by ET when possible. The 

soil used for the ET cover is local and depending of the site-specific conditions. The thickness 

can vary, but the cover should at least be 1 meter thick. The best alternative is to use locally 

available soil as cover material when closing an open dumpsite (IWSA, 2016) 

Debre Berhan has a good access to clay, from extraction in construction projects in the 

development of the city. Since the clay is not suitable as construction material, it is considered 

to be a waste, but the clay has good qualities as a cover, due to its low permeability. Using local 

soil instead of buying a geomembrane can reduce the costs for closure project. It is 

recommended by ISWA (2016), to create a foundation to shape the dumpsite before covering 

with clay, for easier application of the final cover.  

One condition for using ET as a cover it that the potential ET must exceed the precipitation in 

the area. The precipitation in Debre Berhan is approximately 1000 mm/year and the yearly ET 

calculated at the area is more than 1400 mm [see Appendix C for full calculation]. This means 

that the ET is higher than the precipitation and therefore it is possible to use the ET cover design 

in Debre Berhan.  

The main reason to choose local clay as a cover is to reduce cost and minimise transport. It is 

environmentally friendly to access local and natural material, instead of industrially developed 

alternatives. It also makes it easier to repair the cover if damaged in the future. A challenge 

when using this cover is to avoid cracks in the cover layer during dryer periods. But in the dryer 

months in Debre Berhan it still rains, and the stable temperature around 15 °C will help to 

prevent the soil from cracking. Revegetating the area after the covering of the dumpsite can 

also help to prevent cracking and to keep the soil moist. 

When looking at the generated waste in Debre Berhan, described in 4.4.1 Waste composition 

and recycling, 80 wt-% of the waste consist of degradable material. When the waste is collected 

the non-degradable parts that have a recycling value, are gathered by the Qorallios. This leads 

to an estimation, that the waste disposed at the informal dumpsite consist of more than 80 wt-

% of biologically degradable material.  
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According to the municipality, the degradable material mainly consists of grass, fruit peels and 

kernels with a high fiber content. This type of moderately biodegradable organic matter is 

expected to cause a medium high production of LFG, which probably start as soon as the waste 

layer is thick enough to maintain anaerobic conditions. Gas pressure will increase and if there 

is no form of collection there is a risk that the gas will seep through cracks in the ground or the 

cover will be damaged. An effective collection system is needed especially when the dumpsite 

is covered with an impermeable layer. It is therefore recommended to prioritise the collection 

of gas from the informal dumpsite. 

There are two forms of gas collection systems, a passive and an active system [see Appendix B 

for full description]. A passive gas system provides ways for the gas to leave the dumpsite with 

no form of treatment. By installing gas wells in the dumpsite, the LFG can be transported out 

from the dumpsite. This system is used in dumpsites that are estimated to have a small gas 

generation potential. At the informal dumpsite in Debre Berhan, the gas generation is relatively 

high, and therefore an active gas system would be more suitable. 

Horizontal gas pipes can be implemented during the disposal or by burying the gas pipes into 

the waste pile (The United States Environmental Protection Agency, 2012). Looking at the 

conditions in Debre Berhan, it is not possible to finance horizontal gas pipes in advance and the 

lack of vehicles will make it hard to implement post closure. In Debre Berhan, the 

recommendation will be to choose vertical gas wells to be installed after the disposal of waste 

has stopped. Vertical gas wells is cheaper compared to horizontal gas pipes when installed after 

closure.  

The gas collection system should be connected to a compressor or a pump, which creates 

vacuum, and sucks the LFG out of the dumpsite. This is called an active gas collection system. 

The easiest way to treat LFG and to minimize the negative effects on the environment is to flare 

the gas and transform the CH4 to CO2. It is also possible to connect the collection system to a 

power plant and generate electricity for the city. However, since such a solution is rather costly, 

flaring is the recommended way of treatment in the case of Debre Berhan. Moreover, even a 

passive gas collection system without pumps will provide improved environmental protection 

compared to the situation today. Installing gas wells without connecting them to a pump or 

compressor, will still be a good way of releasing the pressure from the accumulated LFG on 

the cover. A passive system will release the gas directly into the air and avoid accumulating of 

gas. The vertical gas wells should be installed in a net with a distance of 30 m according to 

Lagerkvist (2003).  

Due to the waste already being in place when planning for the closure of the dumpsite, installing 

a collection system for leachate will be expensive. Instead, it is recommended to identify where 

the outflows of leachate are, and to create paths in terms of ditches to transport the leachate 

away from the dumpsite.  
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As mentioned in 5.1.1 What are today's preconditions connected to SWM in Debre Berhan?, 

the estimating calculations of surface water during heavy rain, shows that the highest flow 

towards the dumpsite will be approximately 3 m3/s [see Appendix C for full description]. 

According to Lagerkvist (2003) it is recommended to implement surface water prevention. A 

prevention could be to implement embankments in order to redirect and minimise the water 

flow into a dumpsite. The prevention should be placed close to the dumpsite, to catch as much 

of the runoff as possible. Prevention of surface water can also be implemented in several steps. 

Redirection in an early stage can be easy and more cost efficient if possible. To reduce the 

inflow to the dumpsite it is recommended to create a flood embankment above the dumpsite to 

direct the water flow into the river [see Appendix B for full description].  

To maximise the redirection capacity from the dumpsite, the flood embankment can be 

combined with a swale, see Figure 9. When constructing an embankment, an impermeable core, 

for example consisting of clay is needed, attached to the ground and covered by coarser 

materials. The core should be constructed to reach below the surface of the ground or swale, to 

avoid water finding a passage below. The surface of the embankment should be protected with 

coarser material, to avoid erosion, for example stones or blocks of concrete. This is also 

important when constructing a swale, to minimise the risk of passages below the embankment. 

Minimising the inflow of surface water from surrounding areas into the informal dumpsite, will 

not only minimise the amount of water that can infiltrate, but also prevent the landfill cover 

from getting damaged by erosion. 

 

Figure 9. Combination of swale and flood embankment. 

The advantage of building a flood embankment is that it is easy to implement even without 

experts on site. It can be built by hand, and by using local materials will be economically and 

environmentally beneficial. It is also possible to use the material excavated when constructing 

the swale for the construction of the embankment. In case the structure becomes affected by 

erosion in time of heavy flows or other events, it will be easy to maintain and rebuild.  

Another alternative to redirect surface water is through flood walls [see Appendix B for full 

description]. Due to the risk of settlement and movement in the ground, this alternative is not 

recommended. Flood walls are often constructed with concrete and in an event of settlement, 

the risks of cracking or breaking are severe and expensive to repair.  
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When closing an open dumpsite in developing countries, ISWA (2016) points out the 

importance of protecting the closed area. To avoid continuing of waste dumping and protect 

against health risks, it is recommended to put up a fence around the dumpsite. It should be high 

enough to prevent people from climbing over and robust enough to last for a long period of 

time. When using metal or plastic for fencing there is a high risk of thefts due to the value of 

the material. Therefore, the fence needs to be built and attached in a way that prevents 

damaging. 

5.2 Reflection 

Since the thesis project was executed by two students, it is necessary to clarify the division of 

labour. From the beginning we focused on different areas when gathering information and 

writing drafts. When a draft was compiled, both of us reviewed and adapted the source material 

to ensure reliability. This contributed to our increased knowledge of the subject. During the 

working process we compared our own observations and discussed the differences, in order to 

contribute to a greater understanding and a conclusion that both of us supported. We believe 

that both of us have been actively involved during the entire thesis project.  

During the thesis project it was important to investigate the reliability of each part of the 

working process. Reliability was evaluated for both the interviews and the literature study by 

questioning whether the information was reliable (Holme & Solvang, 1997). For example, 

answers from the interviews was supported by the literature study. Observed conditions in 

Debre Berhan were the basis for the literature study.  

Another perspective was to validate the collected information, to secure if the information can 

be used to support the issue in question (Holme & Solvang, 1997). The main difficulty was to 

find other projects that include closing of an open dumpsites in developing countries. There is 

no published information about successful closures. It is therefore of interest to study and 

evaluate projects of closed dumpsites. 

Suggestion for continued work: 

• What are the experience from closing open dumpsites in developing countries? 

• How is the environment effected after closing?  

In the case for Debre Berhan, it is recommended to investigate the situation further at the 

informal dumpsite to get a better understanding of how to close the informal dumpsite in a more 

sustainable and successful way. This can be done by: 

• Taking samples of the waste and leachate from the area to understand what effects the 

dumpsite has on the local environment. 

• Plan how covering of the dumpsite will take place. 

• Construct embankments and fence as soon as possible to get control over the area before 

it is possible to close.  
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6 Conclusion 

Due to today’s economic situation and the conditions in Debre Berhan, closure of the informal 

dumpsite is not possible right now. The best method for closing of the informal dumpsite is the 

in-place method. The main requirement for this method is to have an alternative disposal 

method before the dumpsite can be closed properly.  

If nothing is done to prevent damage caused by the informal dumpsite, the consequences can 

become very severe. Continued disposal of waste will, except from escalating the size of the 

dumpsite, create a harmful environment for humans and animals living in the area through 

pollution by water and soil which increase the risk of diseases and injuries. Bad smell and 

vermin will be a remaining problem, and the waste pile will due to growth spill into the river.  

Our recommendation is therefore to divide the procedure for closure of the informal dumpsite 

into two parts. One with solutions for what can be done before the dumping of waste has 

stopped, and one with solutions for the final closure. 

Before the dumping of the waste can stop, there are several measures that should be considered 

to minimise the risks for the environmental and public health. To minimise the infiltration of 

water and to reduce the leachate generation, it is recommended to construct a flood embankment 

and swale above the dumpsite. It is also recommended to build a fence around the area as soon 

as manageable in order to keep people and animals away from the waste and so to minimise the 

risk of diseases and injuries.  

When there is an alternative waste disposal plan the closure of the dumpsite is possible and the 

covering of the waste can begin. By covering the waste with a sealing layer, the infiltration of 

water will be limited. Clay is suitable to use and should be at least 1 m thick. The cover will 

also reduce the smell and prevent people from scavenging. The amount of leachate will be 

reduced both through embankments above the dumpsite and by covering of the waste.  

Vertical gas wells are necessary to install throughout the dumpsite, with a recommended 

distance of 30 m between the wells. If it is possible, the vertical gas wells should be connected 

to a pump or compressor to maximise the extraction of LFG. The gas wells will release pressure 

on the cover from LFG, and prevent the risks connected to accumulated gas.  

According to the municipality, the knowledge about environmental and health risks connected 

to SWM is a major problem in Debre Berhan. To ensure that the closing of the informal 

dumpsite have the best conditions to succeed, our recommendation is to educate and spread 

information about SWM. This is a critical step for a sustainable SWM-system. By educating 

children and teaching them about health risks, environmental affects and recycling will 

contribute to easier implementation of future development in SWM.  

  



31 

 

7 References 

Abduro, S. & Ravikumar, B.N. (2019). Quantification of Solid Waste in Bale Robe Town, 

Ethiopia. International Journal of Innovative Research in Science,Engineering and 

Technology, Volume 8 (Issue 3), pages 2012-2026. doi:10.15680/IJIRSET.2019.0802049 

Akyeampong, E. K., Gates, H. L., & Niven, M. S. J. (2012). Dictionary of African biography 

(Vol. 1). Oxford University Press. 

Alemayehu, T. (2001). The impact of uncontrolled waste disposal on surface water quality in 

Addis Ababa, Ethiopia. SINET: Ethiopian Journal of Science, Volume 24(Issue 1), pages93-

104. 

Babayemi, J.O. & Dauda, K.T. (2009) Evaluation of Solid Waste Generation, Catagories and 

Disposal Options in Developing Countries: A case Study of Nigeria. (ISSN 1119-8362) Jasem: 

Ota, Ogun state 

Bhat, A (n.d). What is field research: definition, methods, examples and advantages. Retrieved 

2019-09-23 from https://www.questionpro.com/blog/field-research/ 

Christensen, T. (Ed.). (2010). Solid Waste Technology and Management [Electronic resource] 

[Volumes 1 & 2]. ISBN: 9780470666968 

Climate-Data. (2019). Klimat: Debre Berhan. Retrived 2019-10-22 from climate-data.org 

D-Waste. (2014). Waste Atlas, The World’s 50 Biggest Dumpsites.Retrieved from 

https://www.d-waste.com/d-waste-news/item/263-the-world-s-50-biggest-dumpsites-official-

launching-of-the-2nd-waste-atlas-report.html 

Dagne Amdetsion, U. (2016) Utility Service Provision from Planning Perspective (The case of 

Debre Birhan Town, ANRS, Ethiopia. International Journal of Scientific & Engineering 

Research, Volume 8 (Issue 8). pages 1979-2053. ISSN 2229-5518  

Di Maria, F., Lovat, E., & Caniato, M. (2018). Waste Management In Developed And 

Developing Countries: The Case Study Of Umbria (Italy) And The West Bank (Palestine). 

Detritus, Volume 3, pages 171-180. doi:10.31025/2611-4135/2018.13690 

Dubey, A., Chakrabarti, M., & Pandit, D. (2016). Landfill mining as a remediation technique 

for open dumpsites in India. Procedia Environmental Sciences, volume 35, pages 319-327. doi: 

10.1016/j.proenv.2016.07.01 

Elong Gabion cage. (2016a). Gabion box. Retrieved 2019-11-07 from https://www.gabion-

cage.com/gabioncage/gabion-box.html 

Elong Gabion cage. (2016b). Gabion mattress. Retrieved 2019-11-07 from 

https://www.gabion-cage.com/gabioncage/gabion-box.html 

European Commission. (2019). Waste prevention and management. Retrieved 2019-12-13 

from https://ec.europa.eu/environment/green-growth/waste-prevention-and-

management/index_en.htm  

Ferronato, N., & Torretta, V. (2019). Waste mismanagement in developing countries: a review 

of global issues. International journal of environmental research and public health, Volume 16 

(issue 6), 1060.  doi:10.3390/ijerph16061060 

Gaikwad, K, S et al. (2014). Analysis of Engineering Properties of Black Cotton & Stabilization 

Using By Lime. Journal of Engineering Research and Applications, 4(3), p.25-28. ISSN: 2248-

9622  

https://www.questionpro.com/blog/field-research/
https://www.d-waste.com/d-waste-news/item/263-the-world-s-50-biggest-dumpsites-official-launching-of-the-2nd-waste-atlas-report.html
https://www.d-waste.com/d-waste-news/item/263-the-world-s-50-biggest-dumpsites-official-launching-of-the-2nd-waste-atlas-report.html
https://www.gabion-cage.com/gabioncage/gabion-box.html
https://www.gabion-cage.com/gabioncage/gabion-box.html
https://www.gabion-cage.com/gabioncage/gabion-box.html
https://ec.europa.eu/environment/green-growth/waste-prevention-and-management/index_en.htm
https://ec.europa.eu/environment/green-growth/waste-prevention-and-management/index_en.htm
https://dx.doi.org/10.3390%2Fijerph16061060


32 

 

Garfi, M. & Bonoli, A. (2009) Waste Disposal In Developing Countries And Emergency 

Situations. The Case Of Saharawi Refugees Camps. DICMA, University of Bologna. Retrieved 

from https://www.iswa.org/uploads/tx_iswaknowledgebase/15-384paper_long.pdf 

Google. (2019) Google Earth Pro (7.3.2.5776) [Computer application]. Retrived 2019-11-14 

from https://www.google.com/intl/sv_ALL/earth/versions/download-thank-you/?usagestats=1 

Government Office of Sweden. (2018). The Global Goals and the 2030 Agenda for Sustainable 

Development. Retrieved 2019-09-17 from https://www.government.se/government-policy/the-

global-goals-and-the-2030-Agenda-for-sustainable-development/ 

Holme I. M. & Solvang B. K. (1997). Forskningsmetodik: Om kvalitativa och kvantitativa 

metoder [I Swedish: Research methodology: On qualitative and quantitative methods]. Lund, 

Studentlitteratur 

International Solid Waste Association. (2016). A Roadmap for closing Waste Dumpsites, The 

World’s most Polluted Places. Retrieved from 

https://www.iswa.org/fileadmin/galleries/About%20ISWA/ISWA_Roadmap_Report.pdf 

Internetstiftelsen (n.d). Källkritik på nätet [In Swedish: Source criticism online]. Retrived 2019-

09-24 from https://internetstiftelsen.se/guide/kallkritik-pa-internet/kallkritik-pa-

natet/#metoden 

Khajuria, A., Yamamoto, Y., & Morioka T. (2010) Estimation of municipal solid waste 

generation and landfill area in Asian developing countries. (649-654). Lucknow: Jurnal of 

Environmental Biology.  

Khatib, I. A. (2011). Integrated Waste Management [Electronic resource] (Volume 2). 

doi:10.5772/16438 

Lagerkvist, A. (Ed.) (2003). Landfill Technology(10th ed.). (ISSN 1402-1536) Luleå: Luleå 

University of Technology.  

Land information system. (2019). Land classification system for England and Wales. Retrieved 

2019-11-06 from: http://www.landis.org.uk/downloads/classification.cfm 

Mavropolous, A. (2015). Waste health the tragic case of dumpsites.Retrieved from: 

https://www.iswa.org/fileadmin/galleries/ 

Miezah, K., Obiri-Danso, K., Kádár, Z., Fei-baffoe, B. & Mensah, M. Y. (2015). Municipal 

solid waste characterization and quantification as a measure towards effective waste 

management in Ghana. Waste Management, Volume 46 (December 2015 issue), pages 15-17. 

doi:10.1016/j.wasman.2015.09.009. 

Micke. (2015). Gabioner. Retrieved 2019-11-05 from 

https://www.husgrunder.com/tradgard/vad-ar-en-gabion/ 

Noor, K. B. M (2008). Case study: A strategic Research Methodology. American Journal of 

Applied Sciences, 5(11), DOI: 10.3844/ajassp.2008.1602.1604 

Philippe, F., & Culot, M. (2009) Household waste generation and characteristics in Cape 

Haitian City, Republic of Haiti. (73-78) Gembloux: Elsevier.  

Ranhagen, U. & Groth, K. (2012). The SymbioCity Approach, Summary.Retrieved from 

SymbioCity Sustainability by Sweden: http://www.symbiocity.se/en/Downloads/index.html 

Risk-kit. (n.d). Floodwalls and flood embankments. Retrieved 2019-11-07 

fromhttps://www.coastal-management.eu/measure/flood-embankments-and-floodwalls 

https://www.iswa.org/uploads/tx_iswaknowledgebase/15-384paper_long.pdf
https://www.google.com/intl/sv_ALL/earth/versions/download-thank-you/?usagestats=1
https://www.government.se/government-policy/the-global-goals-and-the-2030-Agenda-for-sustainable-development/
https://www.government.se/government-policy/the-global-goals-and-the-2030-Agenda-for-sustainable-development/
https://www.iswa.org/fileadmin/galleries/About%20ISWA/ISWA_Roadmap_Report.pdf
https://internetstiftelsen.se/guide/kallkritik-pa-internet/kallkritik-pa-natet/#metoden
https://internetstiftelsen.se/guide/kallkritik-pa-internet/kallkritik-pa-natet/#metoden
http://www.landis.org.uk/downloads/classification.cfm
https://www.iswa.org/fileadmin/galleries/Task_Forces/THE_TRAGIC_CASE_OF_DUMPSITES.pdf
https://www.husgrunder.com/tradgard/vad-ar-en-gabion/
http://www.symbiocity.se/en/Downloads/index.html


33 

 

Rouili. A. (2013) Design of Rigid L-shaped retaining walls. International Journal of Civil and 

Environmental Engineering, 7(12) 908-0911 

Serti, S. & Rosqvist, H. (2013). Landfill gas guidelines (2013:262). Malmö: Avfall Sverige 

Utveckling. 

SKL International. (n.d). SKL International is Looking to Engage a SymbioCity Facilitator for 

Ethiopia. Retrieved 2019-09-12 from http://sklinternational.se/news/skl-international-is-

looking-to-engage-a-symbiocity-facilitator-ethiopia 

Swedish Water and Wastewater Assosiation (2011) Nederbördsdata vid dimensionering och 

analys av avloppssystem [In Swedish: Precipitation data when dimensioning and analysis of 

sewage systems] (P104) Stockholm: Svenskt Vatten AB 

Swedish Water and Waste Association. (n.d.). SvackdikeRetrieved 2019-11-08 from 

http://www.stockholmvattenochavfall.se/globalassets/dagvatten/pdf/svd_h.pdf 

Taiwo, A. M. (2011). Composting as a sustainable waste management technique in developing 

countries. Journal of Environmental Science and Technology, Volume 4(Issue 2), pages 93-

102. 

The Guardian. (2017, November 30). Dirty streets linked to deprivation and higher crime. 

Retrieved from https://www.theguardian.com/environment/2014/nov/13/dirty-streets-crime-

link 

The United States Environmental Protection Agency. (2012) Design, Construction and 

Operation of Landfill Gas Collection and Control System Retrieved 2019-12-16 from 

https://www.globalmethane.org/documents/toolsres_lfg_IBPGcomplete.pdf 

The World Bank. (2019). The World Bank in Ethiopia, Overview. Retrieved 2019-08-17 from 

https://www.worldbank.org/en/country/ethiopia/overview 

Travis, D. (2016). Desk research: the what, why and how. Retrieved 2019-09-23  

https://www.userfocus.co.uk/articles/desk-research 

Tyagi, V., Fantaw, S., & Sharma, H.J. (2014). Municipal Solid Waste Management in Debre 

Berhan City of Ethiopia (ISSN 2224-3216). Addis Ababa: Urban Management and Climate 

Change Department. 

VafabMiljö. (n.d). Sopans väg genom historien – från soptipp till resurshantering [In Swedish: 

The garbage's way through history - from landfills to resource management]. Retrieved 2019-

11-27 from https://vafabmiljo.se/avfallsplanen/2016/12/06/sopans-vag-genom-historien-fran-

soptipp-till-resurshantering/ 

Wallén, G. (1993). Vetenskapsteori och forskningsmetodik [In Swedish: Science theory and 

research methodology]. Lund, Studentlitteratur 

Weather Spark. (n.d). Average Weather in Debre Birhan, Ethipoia. Retrieved 2019-10-09 from 

https://weatherspark.com/y/101155/Average-Weather-in-Debre-Birhan-Ethiopia-Year-

Round#Sections-Clouds  

Wohlin, C. (2014). Guidelines for snowballing in systematic literature studies and a replication 

in software engineering. EASE´14, (38). doi:10.1145/2601248.2601268 

Zewdu, A. & Mohammedbirhan, M. (2014). Municipal Solid Waste Management and 

Characterization in Aksum and Shire-Endaslassie Towns, North Ethiopia. Journal of 

Environment and Earth Science, Volume 4(Issue 13), pages81-87. 

http://sklinternational.se/news/skl-international-is-looking-to-engage-a-symbiocity-facilitator-ethiopia
http://sklinternational.se/news/skl-international-is-looking-to-engage-a-symbiocity-facilitator-ethiopia
http://www.stockholmvattenochavfall.se/globalassets/dagvatten/pdf/svd_h.pdf
https://www.theguardian.com/environment/2014/nov/13/dirty-streets-crime-link
https://www.theguardian.com/environment/2014/nov/13/dirty-streets-crime-link
https://www.worldbank.org/en/country/ethiopia/overview
https://www.userfocus.co.uk/articles/desk-research-the-what-why-and-how.html
https://vafabmiljo.se/avfallsplanen/2016/12/06/sopans-vag-genom-historien-fran-soptipp-till-resurshantering/
https://vafabmiljo.se/avfallsplanen/2016/12/06/sopans-vag-genom-historien-fran-soptipp-till-resurshantering/
https://weatherspark.com/y/101155/Average-Weather-in-Debre-Birhan-Ethiopia-Year-Round#Sections-Clouds
https://weatherspark.com/y/101155/Average-Weather-in-Debre-Birhan-Ethiopia-Year-Round#Sections-Clouds


34 

 

Zurbrugg, C. (2003). Solid waste management in developing countries. SWM introductory text 

on  www.sanicon.net, 5. 

 

 

http://www.sanicon.net/


I 

 

Appendix A - Summary of interview results 

Appendix A consist of the information given at interviews during the trip to Ethiopia.  

How is the waste collected and disposed in Debre Berhan?  

The organization to collect waste in the city is mostly managed informally, it makes the system 

unreliable and uncontrolled. The collectors sign up voluntarily, and the work is organized by 

themselves. Most of the workers are young females, working as door-to-door collectors, 

collecting waste by horse and cart. To own a horse and cart a certificate is required. This is 

issued by the SWM and sanitation department. To get started, it is possible to get support from 

the financial office by loans to buy a horse and cart. The door-to-door collectors are payed by 

the households when the waste is collected. The better financed areas are prioritized due to 

better payment.  

Most of the collected waste is disposed at informal dumpsites and side areas. The biggest 

informal dumpsites are located near Kabele 8 and Kabele 7. The waste usually consists of peels, 

fibre rich materials and non-eatable parts of animals. In general the quantities are small; the 

leftovers or parts not eaten by humans are firstly offered to animals, and the parts that remain 

after that are collected and disposed of. The waste may also include excrements from both 

animals and humans, straws and arches are mixed and non-organic pars as gravel and dirt 

increase the volumes.  

Another form of work within waste management is road sweeping. These workers are payed 

by the city administration. The main task is to keep the roads and surroundings clean from 

waste. Informal dumping in the middle of the street is common and considered a huge 

problem.   

Does every citizen get their waste collected?  

All the households do not get their waste collected, unfortunately. Most of the waste in the city 

is not collected. Earlier there has been a study about the management of waste, but the exact 

amount is unknown. The study showed that the average amount of waste generated is one sack 

per household. It is all due to the finances of each household; those with better finance create 

more waste. The amount of waste also depends on the number of people living in the household. 

The city administration only cover collecting in the main roads. There are collectors called 

Qorallios who collect the recyclable waste, and volunteer collectors who may collect and 

transport waste to the informal dumpsites. The city administration does not have the recourses 

to manage all the waste that should be collected.  

  



II 

 

Where will the non-collected waste be disposed?  

Some people are not be willing or able to pay for the waste collection. They will dump their 

waste illegally on the streets and/or in ditches. This is especially carried out during the night. 

Usually they select places near open spaces, such as ditches and rivers. Waste is also disposed 

in the roads and at the back of compounds. If you leave the main street, you will find a lot of 

areas with dumped waste.  

Many people will burn their waste, either all or some parts of it. The waste that is given to the 

waste collectors is usually wet organic materials with high amount of fiber. Materials like paper, 

packages, cartons and soft plastic are often burned in the streets or used as fuel for cooking.  

Old materials are partly reworked to other purposes, example, an old oil barrel could be reused 

as a wheelbarrow. In other cases, Qorallios cooperate and rent a truck, overfill it and recycle it 

at the secondary market in Addis Abeba.  

Each September a big celebration takes place, where materials are burned during a traditional 

ceremony. Earlier a lot of waste was disposed from the agriculture but today it consists of 

different wastes from the society.  

Is it possible to reach every household in a SWM-system?    

Not today, there are several areas that are informal and not located within the city limits. These 

areas are not offered services from the city, not even drinking water. Further, there are areas 

that could not afford to get their waste collected.  

How much waste is disposed at the informal dumpsite? 

There is no record of the amount of waste disposed at the dumpsite. An estimation is that 50 % 

of the collected waste is disposed at the informal dumpsite. The amount of collected waste is 

unknown but less than 50 % of the households get their waste collected by waste collectors.  

Does the informal dumpsite have any type of design?  

The informal dumpsite is located at an old quarry site where they used to extract stones. Today 

there is no control mechanism by the city administration in the area. The informal dumpsite 

was created due to a poor management system, or rather, no system at all. It was formed due to 

too long distance to the formal dumpsite. The waste is transported by horse-carts, and short 

distances are required, to be able to collect as much waste as possible, in order to get good 

finance. The city administration has not permitted dumping into the area. There are no studies 

performed at the site to evaluate soil profile, surrounding environment and the river, nor the 

effects of flooding.  

The placce was probably chosen due to the surrounding; the location of the prison nearby is 

probably the reason why no one has complained. When the dumping began, the place was 

located in the outskirt of the city. In the future, the site will probably be in the center, due to the 

rapid expansion of the city.   

  



III 

 

What is the size of the informal dumpsite?  

The informal dumpsite is estimated to an area about 2.5 ha and has been in action for about 7 

years. The depth is unknown, but it is estimated to be more than three meters accumulated 

during at least 6 years. It is impossible to know exactly how deep the waste dump is. It could 

be twice as much or half of the estimated value.  

Have any accidents occurred due to SWM or at the informal dumpsite?   

There are no records of accidents at the informal dumpsite, but there is a lot of flooding that 

occurs due to the location. The road is damaged during rainy season, which makes it hard to 

reach the dumpsite. During these periods the carts will drop the waste along the road outside 

the entrance of the dumpsite.  

One accident is known involving a street-sweeper. A car accident caused the death of the street 

sweeper. Undoubtedly, more accidents occur, but due to the system nothing is notified. Stick- 

and cut wounds are probably common at field. Especially since the collectors work without any 

protection.  

What are the biggest challenges/main problems according to SWM and at the informal 

dumpsite?  

The biggest challenge in the city within SWM is the awareness of waste in general, not only 

among the citizens. It is also a huge problem on a political level. The lack of knowledge makes 

it difficult for the city to establish a SWM-system. There are no experts within SWM at Kabele 

level that could provide knowledge in the different areas of the city.   

At the dumpsite, the main problems for the environment are impact due to exposure to the river 

and surrounding area. The city administration worries about the people and animals in the area 

who could be affected.   

The dumpsite is located near the prison area in the northern part of the city. Next to the site, 

less than 10 meters away, a river passes that is contaminated by the dumpsite. The geographical 

profile is rocky, noticed from the time of the quarry site. The dumpsite creates a lot of sludge 

that cannot easily penetrate into the groundwater profile. During the rain periods, floods are 

common, and this can easily rush the waste/sludge and transport it to the river. In several cases, 

problems have occurred with reaching the dumpsite due to the destroyed roads by flooding 

from the rain. Because of this, the waste is disposed further up along the prison road, and the 

produced leachate is then transported through the prison area, making the conditions very hard 

there. There is no activity to prevent or control this.    

There are several major problems about the SWM:  

- Poor and under dimensioned infrastructure 

- Poor economic structure and no fee in order to make a proper system  

- Too few experts within the area for leadership and knowledge 

- There is no SWM-system in Debre Berhan  

- Great debris that affects other systems like drainage and air pollutions 
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Except for the prison, a drinking water factory is in action of facing severe risks of 

contamination by the dumpsite. The leachate water creates huge risks for contamination of the 

surface water and the groundwater. The area is sited at a place where large amount of water 

easily accumulates. Other possible emissions are methane and other air pollution that contribute 

tobad smell. Spread of diseases, esthetical purposes and slaughter waste.  

Has there been any effects on the groundwater quality?  

The groundwater is one of the city’s most important resource. There is no record of sampling 

to secure the quality of the reservoirs. It is presumed that there might be some damage to the 

groundwater due to poorly executed waste management.  

What is the river used for?  

The river passing the informal dumpsite is used for purposes like drinking water, washing of 

clothes, hygiene and drinking reservoir for animals. All the open water sources are used by the 

poor population. Everyone that can afford treated water and has access to it will use it, but very 

few have that possibility.  

Does the society possess any material that could be used to close the informal dumpsite?  

The rapid expansion of the city creates large amounts of excavated soil from construction sites 

and industries. The soil has different aggregate properties, and this area has characteristics 

where a lot of the upper part of the soil profile consists of soil with high clay constitution. This 

could not be used for construction due to the bad quality of durability, but is preferable as a 

closing material at the informal dumpsite. They have two types of soil that could be used as 

covering material, clay and black cotton. Especially the topsoil in the south part of the city 

could be feasible; the soil in the centre of the city is probably contaminated by the sewage. 

There is also a request to look at potential systems for collection and treatment of the produced 

leachate and LFG.  

Will people respect if the informal dumpsite will be closed?  

If the city manager/administration can find and implement another area where waste can be 

disposed and manage a system for transportation, closure of the informal dumpsite could be 

managed properly. People have asked for the site to be closed, but as long as there is no other 

option, the dumpsite will still be used.  

What is the overall experience of the informal dumpsite today?  

The area at the informal dumpsite is not suitable for waste disposition, the surroundings consist 

of farmland and beneath the site a river passes. This kind of informal dumpsites easily pollutes 

the environment, and in this case mainly leachate is the big concern. In addition, there is concern 

that people and animals are moving around the area. Scavengers, goats, dogs, cats, cows and 

donkeys are common in the area. “It needs urgent action to close or to manage the system”, 

according to people working at the municipality. At least it would be great to construct a fence 

and a construction to protect the river against flooding. Others worry about the leachate and 

spread of diseases.  

  



V 

 

Are there any people living off collecting recyclable waste?  

Everything in the city with a value is gathered and handled by scrap dealers called Qorallios. 

The Qorallios have their own place where they store, transform and sell the collected 

recyclables. Some is transferred back to the producing factories to be reused, especially glass 

bottles. Qorallios go out in the village and collect gods like metal, glass, Jerry-cans (hard 

plastic) and parts from old vehicles. Sometimes the household can get some money for the 

recyclable waste.  

A lot of the electronic waste is saved for later use by the households. There are close to no metal 

waste such as tins, but if it emerges it will be gathered and reused or sold to the Qorallios. Next 

to no bulky waste appears, such as old furniture.  

Are there any scavengers at the informal dumpsite?  

There are scavengers collecting waste at the informal dumpsite. They collect plastic bags, 

bottles, glass bottles, some metal and bones even though a very small amount is disposed at the 

site. The collection is performed without gloves or other safety protection. The collected waste 

will be sold to factories or Qorallios. The scavengers are mostly adults, but there are small 

children helping out to collect recyclables at the site. The working environment is poor, and 

they are exposed to huge risks, both health and accidents. 

Those who collect waste at the dumpsites are even further down the chain of waste handling. 

They find materials with even less value than the Qorallios collect. But in compare to other 

cities this is performed in limited scale, especially in a poor city as Debre Berhan where the 

value of collected stuff is less. The people who live and move around close to the dumpsite, 

often lack footwear or wear simple sandals.  

The area is not closed to civilians and due to the poor control, a lot of animals are brought here 

to find food. Besides cattle, animals like birds, rats, vermin and flies are common at the site.  

How has the informal dumpsite changed lately? 

There has been a rapid change, the amount of collected waste has increased, even at the formal 

dumpsite. This indicates that the city is growing, and the collection is increasing. It seems like 

the campaign around waste impact has reached the citizens and burning has reduced lately. The 

next step is to make the system operating in an effective way. 

What kind of vehicles are available in the city to facilitate SWM?    

The transportation of waste is performed by horses and carts. The municipality has a tractor 

with a trailer in a very bad condition and with no finances to cover the cost of fuel. There are a 

couple of private vehicles in the city, used for making business.  

  



VI 

 

Future plans for vehicles? 

The ambition is to buy some trucks with wagon and skiploaders for transporting the waste from 

the city to the formal dumpsite, and later to the sanitary landfill. There are some struggles to 

obtain vehicles, especially a skiploader, because this is only available from import and creates 

large government debt which is not possible. They have investigated the possibility of buying 

a skiploader from a nearby community, but it is hard to find a model that could carry the right 

kind of container. Even if one would be found, it woukd probably be too expensive. External 

financial support would be required to cover the cost. A frontloader is even further down on the 

priority list, maybe it would be possible to rent one for specific purposes.  
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Appendix B – Closure techniques, treatment methods & 

environmental protection methods 

Appendix B consist of descriptions on closure techniques, treatment methods for leachate and 

LFG, and solutions for protecting the area against erosion and additional dumping of waste 

after closure. 

What it means to close a dumpsite  

When closing an open dumpsite there are many related problems that need to be considered. 

Some typical problems are; what method should be used for closure? Who will pay for the 

closing? What will happen with the new waste when the dumpsite is closed?  

It is almost an impossible task to close a dumpsite when it still is in action and there is no 

alternative for waste disposal (International Solid Waste Association [ISWA], 2016). 

Therefore, it is so important to provide an alternative for the WM in the city and the old site 

needs to be out of access for use, both for waste disposal and scavenging before planning a 

closure of an open dumpsite.  

It is important to understand that closing of a dumpsite will cause big change for the society 

and that it will affect all the different components in the WM system. Figure 10 describes the 

primary physical- and governance components that are important to take in consideration in 

order to have an integrated decision making in WM (ISWA, 2016). The physical components 

are connected to the collection, treatment and sorting of the waste. The governance components 

are connected to stakeholders, cost-efficiency and the national and local policy framework. 

According to ISWA (2016) each physical arrangement will only functions with specific 

governance tools and contrariwise. Closing a dumpsite is not just fixing the waste problem with 

focus on the technical problem, it also has a political and social agenda by protecting the 

environment and public health.  

 

Figure 10. The important factor of an integrated WM (ISWA, 2016, Fig. 3). No. 1, 2 & 3 are the physical components and 

No. 4, 5 & 6 are the governance components. 
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Closure plan 

According to ISWA (2016) a closure plan should contain an evaluation of potential impacts 

and a plan to inform, train and educate the users of the dumpsite. This needs to be done pre 

closure of the open dumpsite and opening of the new sustainable WM option. The plan should 

also involve social, governance and financial challenges. The technical issues that the plan 

needs to address at a minimum according to IWSA (2016) are: 

1. What closure method that will be used depending on the risk-based assessment. 

2. What cap or cover system that should be used. 

3. Meet the regulatory requirements based on the local conditions. 

4. If needed, select how to manage leachate and LFG that potentially is generated.  

5. Establish a Construction Quality Control & Quality Assurance program (CQC/QA). 

The benefits of installing a cap or cover system are stopping people from using the area as an 

open dumpsite or for scavenging (ISWA, 2016). It minimises the risk of infectious diseases 

spreading and minimises the generation of leachate by controlling the infiltration of water. LFG 

will still be generated, and the closure plan should assess if it is needed and possible to collect, 

treat and control the gas. The estimated costs for closing the dumpsite should also be included 

in the closure plan. Based on the selected cover system the typically cost estimations are 

presented in dollars or euros, per unit area.  

Methods for closing of an open dumpsite 

When choosing a closure method for a dumpsite, a study on the specific area should be 

performed (D-Waste, 2014). The study considers the affordability and sustainability of WM 

options at the municipality. But still try to make an improvement of the potential effects on the 

environment caused by the dumpsite. Before choosing a method for closing of a dumpsite, it is 

needed to have in mind that even simpler and cheaper technics can have a great, or even greater, 

effect on the environmental improvement. The areas that are in need of the methods will more 

likely be able to afford them.  

According to D-Waste (2014) and ISWA (2016) there are three main methods that are possible 

to use when closing an open dumpsite: 

1. In-place method 

2. Evacuation/mining method 

3. Upgrading method 

Table 5 describes a summary of the three recommended methods. Following sections will 

describe the different methods more in-depth. 
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Table 5. A summary of three recommended methods when closing an open dumpsite, based on ISWA (2016). 

 In-place method 

(most common) 

Evacuation/mining 

method 

Upgrading method 

Description of 

method 

Used when there is 

no more space for 

disposal of waste or 

there is a severe risk 

for the 

environmental or 

human health. 

Involves removal of the 

waste from the open 

dumpsite to another 

more suitable area, 

often a proper landfill. 

Can be combined with 

recycling and treatment 

of hazardous waste. 

Needs open space 

available near 

existing dumpsite 

for disposal of new 

waste. The new area 

is designed as a 

proper landfill. 

Expensive/cheap? Cheapest and easiest 

method for closing 

of a dumpsite. 

Moving the waste 

requires expensive 

techniques.  

Controlling the old 

and the new waste 

requires expensive 

techniques. 

Preconditions It is required to have 

an alternative waste 

disposal plan. 

The new area where the 

waste is transported 

needs to be able to 

receive the waste 

The already existing 

dumpsite is in stable 

conditions and the 

waste is isolated. 

The dumping of 

waste has to be fully 

stopped before 

choosing this 

method. 

Creates odour problems 

for people close by 

when excavating the 

waste and transporting 

it to the new area. 

There is a low risk 

of contaminating the 

groundwater and the 

distance to society 

and water bodies is 

not an issue.  

After closure  Possible to install 

collection and 

treatment systems if 

needed. 

After the removal of the 

waste, the area should 

be marked as an old 

dumpsite and possible 

source of pollution. 

The waste is only 

MSW and not a 

mixture with 

hazardous waste. 

Potential to use the 

area when cleaned. 

Potential to use the area 

when cleaned. 

Minimises the risk 

of new disposal 

areas for waste in 

the city.  
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In-place method 

The most commonly used method for closing of an open dumpsite is the In-place method 

(ISWA, 2016). It is mostly used when there is no more space for disposal of new waste in the 

area or there is a severe risk for the environmental and human health.  

When using this method for closure, the waste is left in-place and covered with local soil and 

then re-vegetated (ISWA, 2016). Capping and levelling the surface of the dumpsite will help 

reduce the leachate generation from the waste by minimising the contact with rainwater and 

surface water. Leachate can still be generated through the degradation process that will take 

place inside the dumpsite and collection points can be installed to make it easier to pump and 

treat the leachate if necessary. The thickness of the soil layer depends on the local site and the 

climate conditions (ISWA, 2016). Depending on the estimated generation of LFG, the waste 

composition in the dumpsite and the age of the waste the installation of a basic gas-collection 

system might be necessary. The gas-collection system can either be passive or active, see 5.7 

LGF collection and treatment methods.  

The in-place method will help reduce the waste exposure to wind and vectors, serve as a growth 

medium for vegetation, and prevent people and animals from scavenging (ISWA, 2016). It will 

also minimise the risk of fire, reduce the leachate generation and control odour and LFG 

migration. When the dumpsite is covered, the area is suitable for activities such as ballfield or 

park.  

Evacuation/mining method 

The Evacuation/mining method involves the removal of the waste from the open dumpsite and 

disposal at another area, often to a proper landfill (ISWA, 2016). The removal of the waste is 

often combined with recycling and sorting of recyclables and hazardous waste. It can lead to 

odour problems during the removal of the waste. It can be especially tough for the people living 

near the area around the open dumpsite and along the transport distance on which the waste is 

transported.  

After the removal of the waste and the clean-up, the area needs to be noted as a former waste 

dump in the local land records and it should be treated as a possible polluted area (ISWA, 2016). 

It is still possible to use the area for different activities, for example, it can either be used for 

construction of new buildings if possible or recreated to a park area.  
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Upgrading method 

The upgrading method is chosen when there is space available close by the existing dumpsite 

that can be used to dispose the new waste (ISWA, 2016). It also needs to be known that the risk 

of contaminating the groundwater is low. The in-place method is used to cover the already 

existing waste and a low permeability cap and topsoil is installed so the area can be vegetated. 

Depending on the local circumstances, it might be necessary with a gas-collection system and 

leachate treatment from the closed parts of the dumpsite.  

The new area where the waste will be deposited will consist of properly engineered cells with 

leachate and LFG collection (ISWA, 2016). The long-term environmental control will increase 

the cost by the collection and treatment of the generated leachate and LFG. When choosing a 

closure by upgrading method it is therefore important to always try to keep it simple and 

sustainable in the local context. To reduce cost and the risk of the management of the dumpsite 

to fail. This is done by using local construction methods and available construction material as 

much as possible but still maximising the environmental improvement and performance.  

Cover systems 

A cover system that is based on the local conditions will control the infiltration of surface water 

to reduce the generation of leachate (ISWA, 2016). It will reduce the risk of slope instability 

and minimise the LFG emissions and odour spreading. With a designed and evaluated 

combination of soil type, layer-thickness, slope and vegetation it will contribute to accomplish 

a working cover system.  

Choosing a soil cap system is often a better option in developing countries compared to geo-

synthetic cap systems that are available on the market (ISWA, 2016). This is due to the use of 

locally available material; methods are much cheaper and for the future the maintenance and 

reparation will be both easier and cheaper. If there is no available soil in the area that can be 

used for covering, a geo-synthetic cap should be considered.  

When inspecting the closed dumpsite, the slope stability, surface waters impact and erosion on 

the cover should be assessed. This should also be considered when deciding and planning the 

post-closure period.  
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Cover Design 

The function of a cover over a landfill or an open dumpsite is to isolate the waste and reduce 

the environmental and human health risks. According to ISWA (2016) there are three different 

methods that is possible to use when closing an open dumpsite: 

1. Resistive cover 

2. Evapotranspiration (ET) cover 

3. Covering by upgrading 

The resistive cover consists of a foundation layer, barrier layer and topsoil. The function of the 

foundation layer is to sculpt the dumpsite for easier application of the final cover (ISWA, 2016). 

The barrier layer will prevent the infiltrated water to continue and connect with the waste. To 

make this possible the layer often consists of a low hydraulic conductivity soil or a flexible 

geomembrane. For the resistive cover the minimum requirements include a barrier layer with a 

saturated hydraulic conductivity of less than the natural subsoil present, not greater than 1x10^-

7 m/sec (ISWA, 2016). Above the barrier layer an infiltration layer of minimum 450 mm of 

earthen material and at last a topsoil layer. The topsoil layer work as an erosion layer with a 

thickness of minimum 150 mm of soil that is possible to vegetate.  

 

Figure 11. The barrier layer (ISWA, 2016, Figure 13). 

The ET cover also consists of a foundation layer and a topsoil layer with the same functions as 

for the resistive cover. Instead of a barrier layer the ET cover consist of a single soil layer or a 

system of multiple layers, here called the cover soil layer (ISWA, 2016). The function of the 

cover soil layer is to store the infiltrated water within the layer and when it is possible release 

is by ET to the atmosphere. The thickness of the layer depends on the site-specific conditions 

including soil type available, climate and vegetation. The layer should be designed to address 

the site-specific situation and the potential leachate and LFG control that might be needed.  

A condition to select the ET cover is that the potential ET must exceed the precipitation in the 

area. It is recommended that the ET cover should be at least 1000 mm thick (ISWA, 2016).  If 

cracks in the cover appears, the result can be reduced hydraulic conductivity and therefore effect 

the stability and function of the cover.  
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Figure 12. The ET cover (ISWA, 2016, Figure 14). 

Covering by upgrading the dumpsite is the method used when upgrading from an open dumpsite 

to a sanitary landfill. A new liner is installed above the existing waste to separate the old waste 

from the new waste. To minimise the affection on the already existing waste, leachate will be 

collected above the liner. According to ISWA (2016) the upgrading method requires a 

minimum of: 

- Foundation layer  

- Soil barrier layer with a hydraulic conductivity of less than 1x10^-9 m/sec 

- Geomembrane  

- A drainage layer 60-150 mm thick (depending on the material) with a hydraulic 

conductivity greater than 1x10^-4 m/sec 

- Protective soil layer of at least 300 mm 

- The new waste 
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Figure 13. Covering by upgrading (ISWA, 2016, Figure 15). 

Aftercare 

According to ISWA (2016), aftercare regulations says that until the area no longer is a treat to 

the environment and human health, aftercare needs to be carried out. A minimum of 30 years 

of aftercare is usually the requirements and 30 years are often used as standard by the operators 

(ISWA, 2016). Instead of having a standard for how many years the aftercare should be carried 

out, the aftercare should be carried out until the area and the waste is stable and no longer pose 

a threat to the environment and the human health. Some studies have shown that depending on 

the climate, the emissions from the old dumpsite will continue for over 100 years (Lagerkvist, 

2003).  

Table 6. The goals with the aftercare and how they can be executed based on ISWA (2016). 

Goal Action 

Maintaining the cover systems function Regular inspections and evaluations of the 

settlements, slope instability, cap subsidence 

and erosion. 

Surface water run-off managements  Controlling the drainage systems to prevent 

the water to infiltrate and damage the cover.  

Operate, monitor and maintain Controlling the leachate and LFG 

management systems and monitoring the 

groundwater and nearby streams to prevent 

contaminations.  
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It is beneficial to involve a post-closure end-use activity, such as a park or a ballfield, when 

designing the cover system for an open dumpsite (ISWA, 2016). This will help to add quality 

and value to the people that are living in the community. But it is important to secure the 

monitoring areas and the control systems for the facility so only people that needs it have access 

to it.  

LGF collection and treatment 

If there is an estimated that LFG will be produced inside the dumpsite, a proper gas collection 

system and management is necessary to install to minimise the explosion risk, uncontrolled 

emissions to the atmosphere and pollution of the local areas (Christensen, 2010). The collection 

and treatment of the LFG can either be active or passive depending on the circumstances at the 

specific dumpsite. 

Active gas management 

An active gas management system works by applying suction to several gas wells that are 

spread out at the dumpsite and will collect the gas. The most common method used is extraction 

from vertical perforated pipes that is installed at the dumpsite when it is already filled with 

waste (Christensen, 2010). They are installed by drilling boreholes into the dumpsite. The 

boreholes should be installed two meter above the bottom of the dumpsite or above the leachate 

(Lagerkvist, 2003). When the pipe is installed into the borehole, a layer of gravel is placed 

between the waste and the pipe to ensure the consistency of the LFG-flow, Figure 14. Above 

the gravel a low permeable seal is installed to focus the suction into the waste and stop 

infiltration of air into the gravel. If the gas management system is integrated into the planning 

process, it is more common to use a horizontal system that is constructed as layers integrated 

into the waste (Christensen, 2010). It is also possible to collect the LFG from the leachate 

collection system if necessary.  
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Figure 14. An illustration of an active gas collection well (Christensen, 2010, Figure 10.10.3). 

Depending on the permeability of the dumpsite cover, the efficiency of the gas collection might 

be affected (Christensen, 2010). A cover with a low permeability will increase the gas collection 

efficiency compared with a high permeability cover. This is due to the vacuum, induced by the 

suction into the wells, will extend wider inside the dumpsite with a low permeability cover. If 

the wells is installed after the low permeability cover is installed, there will be areas inside the 

dumpsite where the suction will not reach for several years depending on the movement of the 

air.  

When using an active gas management system, a pump or compressor is connected to the 

extraction wells to collect the gas from the dumpsite (Christensen, 2010). It is most common to 

connect several wells to a main collection pipe. The downside of connecting several wells to 

the same pipe is the difficulty to identify any leakages along the system and keep the vacuum 

inside the dumpsite. Another problem and a major issue with active gas management systems 

is to identify if there is oxygen or nitrogen in the system. This is a result from too much vacuum 

induced into the dumpsite which leads to air infiltration trough the cover. The collected LFG 

can either be flared to minimise the emissions to the air or used in energy production.  
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Passive gas management  

The passive gas management method is typical to use at smaller dumpsites, when active gas 

management methods are not required by the legislation and there is an estimation of a small 

LFG production from the dumpsite (Christensen, 2010). If there is any risk of explosion at the 

dumpsite due to the pressure induced from the LFG inside the dumpsite onto the cover, an 

active gas management system should be used.  

To control emissions of LFG from the dumpsite and minimise the risk of LFG migrating from 

the dumpsite to surrounding areas (Christensen, 2010). Creating toxic environment where the 

gas is accumulated, a passive gas management system is an alternative. A passive gas 

management system can either be installed during dumping of the waste or after the dumpsite 

is closed and covered. It is common to install a permeable gravel layer along the sides or slopes 

of the dumpsite when installing the passive gas management system during the dumping of the 

waste, Figure 15a. A perforated pipe is installed into the gravel to guide the LFG out from the 

dumpsite and directly into the atmosphere in a controlled way. The method assumes that the 

LFG flows towards layers with higher permeability and trough the perforated pipe.  

If the passive gas management system is installed after the closure and covering of a dumpsite 

(Christensen, 2010). A trench backfilled with permeable material is installed outside the outer 

boundary of the dumpsite, Figure 15b. The issue with this method is to manage so the trench 

will not fill up with water and the LFG always can flow freely into the trench. This method can 

only be used at shallow dumpsite due to the difficulties that occurs when excavating deeper 

than eight meters.  

 

Figure 15. a) A passive gas managements system installed during the dumping of waste. b) One type of passive gas 

management system installed after the closure and covering of a dumpsite (Christensen, 2010, Figure 10.10.4). 

When working with deeper dumpsites and passive gas management system is an alternative, 

passive venting in an option (Christensen, 2010). This method use similar gas wells as the ones 

used in the active gas management method, except that the wells are not connected to a pump 

or a compressor. They are instead collecting the LFG generated from the dumpsite and directly 

releasing it into the atmosphere by the philosophy that the gas will migrate to areas with higher 

permeability without suction.  
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Leachate 

Landfill leachate is a complex wastewater polluted by elements that are mobile in the waste. 

When planning for methods to collect and treat leachate from a dumpsite, it is important to 

understand and take into consideration the specific issues that can affect landfill leachate that 

are not as common when working with other types of wastewaters.  

Because the dumpsite or landfill is located outside, the leachate generation will be affected by 

the climate and weather conditions that occurs at the specific area. The temperature and 

precipitation variations are some parameters connected to the flow rate of the leachate variating 

from day to day. With a more consisting flow rate, most treatment methods have a more 

efficient treatment, and this makes the day to day variations from the dumpsite limit the 

efficiency of the process (Christensen, 2010).  

Another issue that needs to be considered is the change in composition of the leachate over 

time. Compared to other wastewaters, the quality of the leachate will change over time 

depending on the waste composition and the amount of leachate that have percolated through 

the dumpsite. A long time after the closing of a dumpsite, a slow reduction of components will 

occur in the leachate. Depending on the possibility for an eventual cover to minimise the 

leachate generation, by time and volume, the reduction can take up to several centuries before 

the quality of the leachate is at a natural level (Christensen, 2010). The change in biological 

conditions within the dumpsite is also a factor effecting the composition of the leachate. After 

a couple of years of dumping waste at the dumpsite, the biological composition in the leachate 

will change and also elements effected by the degradation of the organics in the waste will 

change. This is due to that the biological condition is changing from a more acidic phase to a 

methanogenic phase, resulting in a decrease of organic compounds in the leachate and an 

increase in components that are not easy biodegradable (Christensen, 2010).  

Treatment of leachate 

Treatment of leachate can be both on-site treatment and off-site treatment. When choosing a 

treatment method, the quality of the leachate, cost and if there are limits for concentrations in 

the leachate, are some parameters that should be addressed (Lagerkvist, 2003). As earlier 

mentioned, the flow rate of the leachate can differ on day to day basis, therefore it is an 

advantage to have a storage where the leachate can be stored and be released at a controlled 

rate. This is an advantage for both on-site and off-site treatment methods.    

A commonly used off-site treatment method is to connect the landfill leachate with to the 

municipal sewage treatment plant (Lagerkvist, 2003). The treatment of the organic compounds 

in the leachate is usually not a problem for the sewage plants. Instead issues with this method 

are the high concentration of nitrogen in the form of ammonium (NH4
+) found in many 

leachates. Addition of only a little leachate containing high concentrations of NH4
+ results in 

doubling or more of the annual concentration of NH4
+ in the wastewater (Christensen, 2010).  
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When treating the leachate on-site the methods used can be microbial or physical treatment. 

The microbial treatment consists of microorganisms that in anaerobe or aerobe conditions 

preform degradation of the organic compounds in the leachate (Lagerkvist, 2003). The physical 

treatment uses different types of separation to separate the solid components from the liquids. 

This can be done by infiltration, filtration or evaporation for example. These methods are in 

need of further treatment of the remaining sludge that will be remaining after the separation. 

The concentration in the remaining sludge is higher than in the initial leachate due to 

accumulation and the lower liquid to solid ratio (Lagerkvist, 2003).  

Flood protection methods  

Flood embankments 

Flood embankments are commonly used as protection against erosion by waves, overtopping 

and flowing water. The most common design of flood embankment is earth filled structures 

with a trapezoidal cross section (Risk-kit, n.d.). The side slopes normally have a gradient 

between 1:2 and 1:3 (vertical to horizontal) and a width of 2 meters to 5 meters, see Figure 16. 

The advantage of the structure is that it can be constructed with a variety of earth materials, 

recommending locally available materials to reduce costs and environmental impacts. During 

the construction process it is important to compact the material to increase the strength of the 

structure. It is recommended to avoid soils with a high clay content in the top layer. But clay is 

preferable in the core due to its impervious property. If the foundation where the embankment 

will be placed is weak, for example has a high organic content, the top layer of the foundation 

can be removed to make it more stable and avoid settlement.  

 

Figure 16. Flood embankment with an impermeable core and coarser materials at the surface. 
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Floodwalls 

Floodwalls that have the purpose to prevent flooding is massive structure that could be 

constructed both in-situ and as a precast (Risk-kit, n.d.). The most common form is constructed 

in concrete but other materials as brick and masonry could be used as well. Floodwalls requires 

less space than embankments and consist of a rectangular block creating a wall against the 

protected area. Flood walls are recommended to be attached into the soil for a more stable 

structure (Risk-kit, n.d.). The drawbacks of flood walls are that they are sensitive to settlements, 

the deformation will force the massive structure to crack.  

L-shaped retaining walls  

L-shaped retaining walls are structures that use the force from the backfilled masses to ensure 

stability, see Figure 17, (Rouili, 2013). It requires a stable foundation for safety to prevent 

failure by settlements. The ratio between the base and the height is usually between 0.5 and 0.7, 

where the base is shorter than the height of the wall. It is considered as a relatively economic 

method compared to other retaining solutions.  

 

Figure 17. Reference system for an L-shaped retaining wall (Rouili, 2013; fig.1). 

Gabion 

Gabion is a type of steel cage used to build a wall construction (Micke, 2015). It is considered 

to be economical feasible because it can be filled with available materials as stones or other 

preferred sizes of soil materials. The use of gabion constructions has a lot of advantages, it is 

easy to install even for an unexperienced person and due to its heavy weight, it can also be used 

as erosion protection.  

Gabions are found in various shapes, for example as boxes and mattresses, see Figure 18, (Elong 

Gabion cage, 2016a; Elong Gabion cage, 2016b). Gabion mattresses are flexible structures that 

could be used in different settlements. It is a god alternative to prevent erosion of a slope. The 

gabion box has a rectangular shape and piled to create a suitable form. This type of gabion is 

also used as flood protection and is also usual in backyards.   
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Figure 18. Gabion mattress and box (Elong Gabion cage, 2016a; Elong Gabion cage, 2016b). 

Swale 

Swales are ditches constructed to prevent runoff and redirect surface water to a more suitable 

area, for example to avoid flooding in paved surfaces (Stockholm Vatten och Avfall, n.d). They 

are usually covered with vegetation and the transition into the Swale needs to be submerged to 

allow water to enter. When constructing a swale, the most important thing is to be able to 

redirect the water follow from heavy floods in a safe way, the swale should be placed to avoid 

accidents.  

Swales have a lot of advantages, it makes the flow more constant and have treating qualities, it 

redirects heavy flows, work as a pre-treatment and contribute to green areas (Stockholm Vatten 

och Avfall, n.d). A challenge with this system is that it is sensitive to steep slopes.  

To make it more tolerable to heavy flows the ditch can be lined with coarser material as stones 

to create a protection from erosion. The blocks should be heavy enough to tolerate the water 

flow without rinse away.  

 

Figure 19. Swale covered in coarse material to hold heavy flows.  
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Appendix C – Estimation of storm water flow and leachate 

generation 

Appendix C presents the calculations that have been proceeded in order to estimate the surface 

water flow and leachate generation at the informal dumpsite, and to understand the range of 

the problem and evaluate the contributing factors. 

Catchment area 

The rational method is used to get an estimation of the storm water flow in a certain catchment 

area. A catchment area is where the surface water from a specific area is dewatered to the same 

spot, for example into a river or lake. For the informal dumpsite in Debre Berhan, this will work 

as an indication of how much water that enters the site and then leach into the river downstream. 

But it is important to make further investigations for the dimension of implemented surface 

water systems before constructing surface water prevention. 

𝑄𝑑𝑖𝑚 = 𝐴 × 𝐶 × 𝑃(𝑇, 𝐷) 

Design peak flow Qdim 

Area (ha) A 

Runoff coefficient C 

Design rainfall (l/s ha) P(T,D) 

Return interval (yr) T 

Duration (hr) D 

 

Design rainfall describes the intensity of rain for a certain duration and frequency. This is 

necessary for calculating the design peak flow. The runoff coefficient, C, is estimated to 0.6 by 

Swedish Water and Wastewater Association (2011), and describes the amount of the rain that 

becomes surface runoff after losses from infiltration, transpiration and storage etc. The value 

0.6 is recommended for build-up areas with apartment blocks and open construction in hilly 

terrain. This is used since the city is in a construction face and is built in rapid rate. The 

catchment area is about 10 ha, see Figure 20, estimated by elevation curves in google earth. A 

climate factor K is added with a value of 1.25.  
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Figure 20. The catchment area above the informal dumpsite (Google, 2019). 

Previous rain water intensity for Debre Berhan has been used to estimate rainfall for a return 

period of 25 years with a duration of 30 min to 56.8 mm. The rain will be used as an indication 

of the surface runoff for heavy rain events and help in the work to find a suitable erosion 

protection for the informal dumpsite. 

𝑃(25 𝑦𝑟, 0.5 ℎ) = 56.8 𝑚𝑚 = 315.6
𝑙

𝑠
ℎ𝑎 

𝑄𝑚𝑎𝑥 = 10 ℎ𝑎 ×  0.6 ×  315.6
𝑙

𝑠
ℎ𝑎 ×  1.25 = 2367

𝑙

𝑠
= 2.4 𝑚3/𝑠 
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Leachate generation 

Leachate generation can be estimated by the water balance equation presented below. It will be 

used to get an assumption of the generated amount of leachate by evaluating the inflow and 

outflow parameters for the site. Since data about rain events from the area is limited is the 

equation simplified. 

𝐿 = 𝑃 +  𝑄𝑠𝑢𝑟𝑓𝑎𝑐𝑒 +  𝑄𝑔𝑟𝑜𝑢𝑛𝑑𝑤𝑎𝑡𝑒𝑟 − 𝑄𝑟𝑢𝑛𝑜𝑓𝑓 − 𝐸 −  Δ𝑆 

Leachate L ? 

Precipitation P 1000 mm/yr = 1 m3/m2 

Evapotranspiration E 1431 mm/yr = 1.4 m3/m2 

Surface inflow Qsurface ? 

Surface runoff Qrunoff 0 

Invading groundwater Qgroundwater 0 

Storage ∆S ? 

 

 

Figure 21. Leachate generation and the major terms (Lagerkvist, 2003; fig 3.1) 

The evapotranspiration is the summarized value of the evaporation from bare soil, transpiration 

from vegetation and the evaporation caught by vegetation. The surface runoff from the landfill 

can be assumed to zero when a landfill is uncovered, assumed all precipitation will infiltrate 

into the waste dump. The dumpsite is situated in a recharge area where groundwater intrusion 

is close to zero and will therefore be neglected.  

As for the assumed heavy flow in the catchment area, is the total surface inflow calculated with 

the rational method. The design rainfall is assumed to 1000 mm/year, which equals to 1 l/s ha 

and give an assumed surface flow of 6 m3/m2/year.  
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The storage can be calculated as the absorption capacity.  

𝑎 = ℎ × (𝜃𝑓𝑐 −  𝜃) ×  10 

absorption capacity (mm) a ? 

height of landfill (m) h 3 m 

degree of saturation Ø 36 % 

field capacity Øfc 39 % 

 

The field capacity for masses with high organic content is high compared to bare soil. For a 

compost rich in fiber, the degree of saturation is about 36%. According to Lagerkvist (2003), 

untreated household waste in Sweden have a field capacity between 29-39% of volume.  

𝑎 = 3 × (39 − 36) ×  10 = 90 𝑚𝑚 = 0.09 𝑚3/𝑚2 

𝐿 = 1 − 1.4 − 0.09 + 6 =  5.5 𝑚3/𝑚2/𝑦𝑒𝑎𝑟 

The storage capacity will be filled over time and the absorption capacity will be changed to 

zero.  

𝐿 = 1 − 1.4 + 6 = 5.6 𝑚3/𝑚2/𝑦𝑒𝑎𝑟 

The total leachate generation will be:  

𝐿𝑡𝑜𝑡 = 2.5 ℎ𝑎 ×  5.6 𝑚3/𝑚2/𝑦𝑒𝑎𝑟 = 140 000 𝑚3/𝑦𝑒𝑎𝑟 

From the estimated leachate generation, it is possible to assume that most contributing flow is 

the storm water flow from the above catchment area.  
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Appendix D – Calculations of waste generation in Debre Berhan  

Appendix D presents calculations that have been proceeded to estimate the generated waste in 

Debre Berhan and accumulation of disposed waste at the informal dumpsite. This is done to 

understand the range of the problem and support the recommended techniques.  

Generated waste in Debre Berhan  

According to the municipality the number of inhabitants is approximately 125,000 people in 

Debre Berhan. With an average of 5 people per household it is possible to estimate the number 

of households.  

125,000 𝑝𝑒𝑜𝑝𝑙𝑒

5 𝑝𝑒𝑜𝑝𝑙𝑒/ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑
= 25,000 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠 

Out of the 25,000 households only 25 % get their waste collected (Tyagi et al., 2014). The 

number of households with collection service are approximately:  

25,000 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠 ×  0,25 = 6,250 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠 

Out of the collected waste, it is estimated that half of it is disposed at the informal dumpsite. 

The amount of collected waste is 50 liters per household and week equal to 0,05 m3/week. The 

volume of disposed waste per week at the informal dumpsite are: 

6,250 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠

2
× 0,05 𝑚3 𝑤𝑎𝑠𝑡𝑒/ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑 & 𝑤𝑒𝑒𝑘 = 156 𝑚3𝑤𝑎𝑠𝑡𝑒/𝑤𝑒𝑒𝑘 

156 m3 waste/week give an annual disposal rate of more than 8,000 m3 waste/year at the 

informal dumpsite. If the dumpsite has been active for approximately 3 years, the total amount 

of accumulated waste is 25,000 m3 at the informal dumpsite.  

 

 


