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ABSTRACT 

Waste Management System for West Africa 

Analysis of systems successfully applied in the world that may fit the reality faced in Western 

Africa 

Michele Adamoski 

 

 Health and safety have been the most important concerns in waste management for 

many years. However, nowadays society demands that as well as being safe, waste management 

must also be sustainable. The management of a sustainable Municipal Solid Waste is a 

necessary but not-prioritized aspect of environmental management in most countries with low 

and middle income.  

 This study purposes an analysis of technologies, in order to select the best and most 

suitable practices in Sustainable Waste Management Systems already applied or in advanced 

level of research in developed and developing countries. The target countries for receiving this 

study of waste system are located in Western Africa: Ghana, Côte d‟Ivoire, Senegal and 

Nigeria.  

 The analysis of collection, transportation, treatment and disposal of waste, with focus on 

organic matter, was presented in two groups. The first group, “collection and transportation” 

was analysed with attention to aspects and stakeholders presented in the Integrated Sustainable 

Waste Management framework. In the second group, “treatment and disposal”, each technology 

was analysed based on aspects of sustainable development. The decision-support software Web-

HIPRE was also used to frame the final rank of solutions for the African scenario. 

 The conclusions for those analyses were that the creation of micro and small enterprises 

and community based organizations for collection and transportation should strongly be 

encouraged. They generate not just new employment but awareness among the population as 

well. As for the treatment and disposal of organic household waste, two promising technologies 

are decentralized composting and home composting with plastic bins. 

 

Key words: sustainable development; solid waste management; collection; transportation; 

treatment; disposal; stakeholders; decision support system; Western Africa 
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PREFACE 

  

 This report was written as the Master Thesis project for the degree MSc in Sustainable 

Development at Uppsala University. The thesis was a part of the project “Integrated Waste 

Management in Western Africa” (IWWA) that is being developed by a consortium of experts in 

universities and private companies and is funded by the European Union (EU) 7
th
 Framework 

Programme. Dr. Cecilia Sundberg, at the Department of Energy and Technology, Swedish 

University of Agricultural Sciences (SLU) participates as a partner with a technological 

background on sustainable waste management.  

 The IWWA project aims to propose an improvement on the sustainable waste 

management system in Western Africa, gathering authorities, policy makers and stakeholders. 

The focus of the project is four countries in Western Africa (Côte d‟Ivoire, Ghana, Nigeria and 

Senegal) and seeks the establishment of Integrated Solid Waste Management systems (ISWM) 

with the objective of achieving environmental benefits, economic optimization and societal 

acceptability. This thesis aims to contribute within the project framework within “Encouraging 

technology transfer, know-how and best practices” and more specifically “To identify 

technology options for SWM adapted to the regional situation of the targeted countries”.  

  And for that I would like to thanks my supervisor Dr. Cecilia Sundberg for the help not 

just with literature, but with concepts, suggestions and ideas, and for the time spent in meetings. 

All the development of this thesis was very inspiring and made me like even more the Waste 

Management subject. Thanks, Cecilia. 

 I would also like to thank my family for all the support during this time that I spent 

abroad, to my friends back home that understood the lack of emails and to my friends here in 

Uppsala that understood my absence in some gatherings. But it was worth all the effort. Thanks! 

 

Uppsala, December 2010 

 

 

Michele Adamoski 
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1 Introduction 

Traditionally, health and safety have been the most important concerns in waste management. 

These issues still apply but waste must also be managed in a way that minimizes risk to human 

health. However, nowadays society demands more than this: as well as being safe, waste 

management must also be sustainable. This brings the need of a synergy between economic 

development, social equity and the environment (McDougall et al. 2001).  

 A sustainable Solid Waste Management System (SWMS) is an ongoing concern for 

industries and municipalities. The combination of two development factors - the exponential 

growth of world population and the elevation of the purchasing power of consumers is turning 

the management of waste to a major challenge. An estimation of municipal solid waste 

generation in 2006 was of 2 billion tones worldwide with a 37 per cent increase forecast by 

2011 (UN-HABITAT 2010). Developed countries are already dealing with this waste 

overproduction with their technology expertise and funds to afford and keep effective and 

expensive waste collection, treatment and disposal. So the spotlight is now being turned to 

developing countries: a sustainable SWMS is not the focus of their funds – inhabitants of 

developing countries have some other priorities besides waste treatment. Their welfare is by far 

smaller than the welfare in developed countries. Not just the population but also the government 

struggles to afford and to keep on providing a good service. 

 The management of Municipal Solid Waste (MSW) is a necessary but neglected aspect 

of environmental management in most countries with low and middle income. Even though 

consuming a significant share of Municipal budgets (often between 10 and 50% of operational 

expenses), SWMS in the towns and cities of most developing countries are unreliable, provide 

insufficient coverage, divergence with other urban services and have adverse effects on public 

health and the environment (Bartone cited in McDougall et al. 2001). 

 Although limited by technological and financial resources, countries with developing 

economies still have a potential to considerably improve waste management. The disposal of 

solid waste into uncontrolled sites is the most usual form of waste dumping in developing 

countries. This process of illegal disposal is environmentally and socially unacceptable as it 

does little to protect the environment and the public health. Execution of certain elements of 

Integrated Waste Management (IWM) as practiced in developed regions like Europe and North 

America can present the opportunity to establish waste management systems that are not just 

environmentally, but socially and economically desirable (McDougall et al. 2001). 

 As part of a number of studies to help developing countries to find out the best system 

treatment that suits better with their actual situation (financial, infrastructural and educational), 

the project called “Integrated Waste Management in Western Africa” (IWWA) is being 

developed by a consortium of experts in universities and private companies and is funded by the 

European Union (EU) 7
th
 Framework Programme. It proposes an improvement on the SWMS in 

Western Africa, gathering authorities, policy makers and stakeholders. This project focuses on 

four target countries in Western Africa (Côte d‟Ivoire, Ghana, Nigeria and Senegal) and seeks 

the establishment of Integrated Solid Waste Management systems (ISWM) with the objective of 

achieving environmental benefits, economic optimization and societal acceptability (IWWA 

2010). 
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2 Aim 

This study aims to contribute to IWWA project selecting the best and most suitable practices in 

SWMS already applied or in advanced level of research in developed and developing countries. 

This research aims to contribute to the achievement of two objectives from IWWA project 

(IWWA 2010): 

General objective: “Encouraging technology transfer, know-how and best practices”; 

Specific objective: “To identify technology options for SWM adapted to the regional situation 

of the targeted countries”.  

 To contribute to the achievement of these IWWA objectives, this study will focus on the 

description of systems and technologies, comparison and evaluation of their sustainable aspects. 

The analysis will be made in two different ways: the “collection and transportation” section will 

have the main analysis focusing on stakeholders and aspects from ISWM framework, and the 

“treatment and disposal” section will have the main analysis focusing on sustainable 

development concept of each technology. All the analysis will have special attention to organic 

waste material. After the analysis process, the question aimed to be answered is: 

 

Considering the data about Western Africa region already published and the waste 

management systems and technologies successfully applied worldwide, what could be indicated 

to the four target countries in order to help them solving the waste management issue? 

 

 

3 Boundaries 

The boundaries of this research were defined considering the solid waste system categorization, 

its source and material classification. Thus, this research focuses on collection, transport, 

treatment and disposal of organic household waste as shown in Figure 1. 

 The situation in the four target Western African countries is still being studied and 

evaluated in detail by other participants in the IWWA consortium. That is the main reason why 

the aim of this study is not to bring any specific recommendation on what technologies and 

systems should definitely be applied in these countries, but to mention what is being applied 

around the world that may fit the reality faced in Western Africa. 
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Fig. 1: The boundaries of this research. (a) Source: Nemerow et al. (2009). (b) Source: U.S. EPA 2010 

„Waste – Non-hazardous waste‟. 

 

4 Literature Review 

4.1 Sustainable Development 

Sustainable Development (SD) had its first definition made by the World Commission on 

Environment and Development (1987) in the publication “Our Common Future” (also known as 

the Brundtland Report) which defines the development that is sustainable as the one that “meets 

the needs of the present without compromising the ability of future generations to meet their 

own needs”. As show in Figure 2, the sustainable development concept relies on three pillars: 

economical, environmental and social.   

 

 

 Fig. 2: The three pillars of Sustainable Development. Equal consideration of each is necessary 

otherwise the entire system will be unbalanced. Source: McDougall et al. (2001). 
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4.2 Waste 

Waste includes all items that households and industries no more have any use for, which they 

intend to dispose of or have already discarded. Thus all daily activities can give rise to a large 

variety of different wastes arising from various sources. According to Ngoc & Schinitzer 

(2009), “waste generation rates are affected by socio-economic development, degree of 

industrialization, and climate. Generally, the greater the economic prosperity and the higher the 

percentage of urban population, the greater the amount of solid waste produced”. 

 

4.3 Municipal Solid Waste 

Municipal Solid Waste can be defined in many ways. A very clear definition is the one 

described in the UN-HABITAT (2010): “MSW is generated by households, and wastes of 

similar nature generated by commercial and industrial premises, by institutions such as schools, 

hospitals, care homes and prisons, and from public spaces such as streets, markets, slaughter 

houses, public toilets, bus stops, parks, and gardens”. This definition includes besides household 

waste most commercial and business wastes as MSW, with the exception of industrial processes 

and hazardous waste. The U.S. Environmental Protection Agency (U.S. EPA „Waste – Non-

hazardous waste‟ 2010) classifies the waste into some categories: food scraps, wood, yard 

trimming, paper, glass, plastic, metals, textiles and other minor fractions of waste.   

 Organic waste can then be described as a material that because of their nature or 

composition is capable of undergoing anaerobic or aerobic decomposition, as leftovers of raw 

fruits and vegetables, food scraps, raw fish or meat, wood, pruning waste and other similar 

materials (Martínez-Blanco et al. 2010). 

 

4.4 Integrated Sustainable Waste Management 

The definition of ISWM was first developed by the Dutch Non-Governmental Organization 

(NGO) WASTE and later improved by the Collaborative Working Group on Solid Waste 

Management in Low and Middle-Income Countries (UN-HABITAT 2010). The ISWM 

definition recognizes, with a system approach, as shown on Figure 3, three important 

dimensions that need to be addressed when developing or shifting a SWMS (WASTE, cited in 

UN-HABITAT 2010): 

1. The stakeholders: people or organizations that are involved and/or affected by the waste 

management system are identified and encouraged to participate in the planning and 

implementation phases of the projects. It ensures the achievement of goals and posterior 

commitment to the final ISWM solution; 

2. The elements: the different elements of the whole waste system, from generation to 

disposal; 

3. The aspects: all the necessary perspectives that need to be analysed in order to have 

local waste issues developed in a sustainable way.  
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Fig. 3: The ISWM framework. Source: UN-HABITAT (2010). 

 

 ISWM systems need to ensure human health and safety. They must be safe for workers 

and safeguard public health by preventing the spread of diseases. In addition to these 

fundamental requisites, a sustainable system for solid waste management must be 

environmentally effective, economically affordable and socially acceptable (McDougall et al. 

2001). 

 

4.5 Indexes 

Chapter 7 will bring some information about the target countries of the IWWA project. Some 

indexes will be described there to show and to rank the situation in the target countries. To 

better understand the numbers, this chapter will briefly explain the indexes shown in Table 1. 

Gross Domestic Product: is the “market value of all final goods and services produced within 

a country in a given period of time” (Mankiw 2008). In another words, Gross Domestic Product 

(GDP) is a sophisticated measure of the value of economic activity in a certain country.    

Ecological Footprint: according to the report “Living Planet” published by WWF (2008), the 

Ecological Footprint “measures humanity‟s demand on the biosphere in terms of the area of 

biologically productive land and sea required to provide the resources we use and absorb our 

waste”. Also according to WWF (2008), “humanity‟s footprint first exceeded the Earth‟s total 

biocapacity in the 1980s”. The world‟s total ecological footprint in 2008 was 2.4 global hectares 

per person. 
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Environmental Performance Index: the Environmental Performance Index (EPI) is a study 

made by Yale University and Columbia University in collaboration with the European 

Commission. It ranks 25 performance indicators in 10 policy categories covering environmental 

public health and ecosystem vitality. It provides a measure (range from 25 to 100) at a national 

government scale of how close those countries are to establish environmental policy goals (EPI 

Yale University 2010).   

Human Development Index: the Human Development Index (HDI) is an indicator that 

measures the country‟s average achievements in three basic aspects of human development: 

health (measured by life expectance at birth), knowledge (measured by a combination of the 

adult literacy rate and the combined primary, secondary, and tertiary gross enrolment ratio) and 

a decent standard of living (measured by GDP per capita) (UNDP 2009). 

Happy Planet Index: the Happy Planet Index (HPI) measures the “degree to which long and 

happy lives are achieved per unit of environmental impact”. (NEF 2010) It combines 

environmental impact with well-being to measure the ecological efficiency that people in each 

country live happy and long lives. It uses three components to reach the index: life expectancy, 

life satisfaction and ecological footprint. 

 

 

4.6 Decision Support System 

The Decision Support System (DSS) tool is a scientific method of computerized systems for 

decision making. Sprague and Carlson (cited in Power 2002) define DSS broadly as “interactive 

computer-based systems that help decision makers use data and models to solve ill-structured, 

unstructured or semi-structured problems”. DSS can be implemented in some computerized 

systems like GMAA and Web-HIPRE for example. 

 Web-HIPRE is a program written in Java for multiple criteria decision making. In a 

decision making problem, the decision maker has some alternatives and some criteria on which 

the decision is based. In Web-HIPRE, the problem is structured hierarchically to form a value 

tree. In this value tree each criterion is divided to its sub-criteria, which are weighted by their 

importance to decision maker (Web-HIPRE 2010). 

 

 

5 Methodology 

The methodology used to develop this report started with a literature review of waste 

management concepts, systems, and technologies worldwide. Literature review of projects and 

studies in the waste management area that were already developed for the African countries was 

also carried out. In order to find relevant and up-to-date information for this research, 

information was also collected at the trade fair IFAT/ENTSORGA 2010 in Munich, Germany.  

 To structure the study, two parts of the waste system, “collection and transportation” 

and “treatment and disposal” were analysed separately. The “collection and transportation” 

section was analysed through the lenses of the SD and ISWM concepts with stakeholders and 
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the aspects listed in Figure 3 being highlighted. The “treatment and disposal” section was also 

analysed through the lenses of SD and ISWM concepts and further developed with the help of a 

DSS tool. After the identification of some of the technologies that can have a good possibility of 

being applied in the target countries, a scientific method of computerized systems for decision 

making was used through the Web-HIPRE tool (Web-HIPRE 2010) .  

 Therefore the Web-HIPRE model was built as shown on Figure 4. It considered the 

three main aspects (social, economical, environmental) of SD concept and its sub-aspects that 

need to be analysed in order to find solutions that better fit the needs of the waste management 

issue in Western Africa. Chapter 6 will present an overview about the present situation on the 

waste issue in the target countries.  

 

Fig. 4: Structure used for modeling the waste management issue in Western Africa. 

 

6 The target countries 

The four countries that make part of the IWWA project are located in sub-Saharan Africa, more 

specifically in Western Africa. Even though Nigeria, Côte d‟Ivoire, Senegal and Ghana have the 

top-four largest economies in that region, they face low standards of quality of life compared to 

developed and even compared to other developing countries around the world. Table 1 brings 

some data to better illustrate the economical status, population size and some indicators (as 

defined on section 4.5) of environmental and welfare conditions. Later a short resume about the 

situation in each country is shown.  
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Table 1: Summary of information in the target countries.(1) Source: FAO 2010; (2) GDP calculated by 

the International Monetary Fund. Source: IMF 2010; (3) Source: WWF 2008; (4) Source: EPI Yale 

University 2010; (5) Source: UNDP 2009; (6) Source: NEF 2010. 

6.1 Ghana 

Ghana is a medium-size country located in Western Africa well endowed with a wide range of 

natural resources, including arable land, natural forests, hydro-electric potential and sizeable 

deposits of gold, diamonds, bauxite and other minerals. The country ranks among the world‟s 

largest exporters of cocoa and this contributes about a quarter of the country‟s foreign earnings.  

 With a population of 22.5 million people, which grows in a rate of 2.7%, Ghana has 

about 8.8 million people living in cities and towns. The adult literacy leads the rank among the 

Western African countries: 71.5% of Ghana adults are literate. However, the lack of 

infrastructure is an issue in Ghana: about 25% of roads are paved and the country has around 

1,000 km of railways (Esterhuyser & As 2008). 

 

6.2 Côte d’Ivoire 

Côte d‟Ivoire has a population of 21 million people and an average population growth of 2.6%. 

About half of the Ivoirians live in towns and cities. Adult literacy was about 47% in 2000. The 

agriculture, forestry and fishing sector employs around 80% of the working population which 

accounted for a third of GDP in 2000. Côte d‟Ivoire is also the world‟s leading exporter of 

cocoa beans, contributing to more than 30% of the world production. As other countries in 

Western Africa, infrastructure is an issue to de developed: only 10% of roads were paved in 

2000 and railways sum up just 660 kilometers of length (Esterhuyser & As 2008). 

 

6.3 Senegal 

Senegal has the fourth largest economy within the Western African countries. The country has a 

total population of 11.8 million and a population growth of 2.6%. Adult literacy in 2000 was 

37%. It is only moderately endowed with natural resources and has been ravaged by recurrent 

droughts since the 1960‟s. Numbers about infrastructure shows a lack of investment: in the late 

1990‟s just 29% of the roads were paved. 

 Marine fisheries (most based in Dakar and St Louis) produce the main export products 

which contribute about 25% of export earnings and involve about 10% of workforce. 

Agriculture employs about 75% of the economically active inhabitants and contributes slightly 

less than one-fifth of Senegal‟s GDP value (Esterhuyser & As 2008). 

Population
(1)

GDP
(2)

GDP per 

capita
(2)

Ecological 

Footprint
(3) EPI

(4)
HDI

(5)
HPI

(6)

millions
millions USD    

(world position)

millions USD    

(world position)

hectares per 

person

index                  

(world position)

index                  

(world position)

index                   

(world position)

Nigeria 138 173,4 (44
o
) 2,249 (140

o
) 1.3 40,2 (153

o
) 0,511 (158

o
) 30,3 (115

o
)

Côte d'Ivoire 21 22,5 (92
o
) 1,674 (149

o
) 0.9 54,3 (102

o
) 0,484 (163

o
) -

Ghana 22.5 15,5 (102
o
) 1,551 (151

o
) 1.5 51,3 (109

o
) 0,526 (152

o
) 37,1 (100

o
)

Senegal 11.8 12,7 (107
o
) 1,743 (147

o
) 1.4 42,3 (143

o
) 0,464 (166

o
) 39 (96

o
)

Western 

Africa target 

countries
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6.4 Nigeria 

Nigeria is the largest country in West Africa and holds by itself half of the population of that 

region. The country has the largest population of the whole African continent: it is the home of 

138 million inhabitants according to 2006 census with an adult literacy rate of 64%. Some of the 

reasons that explain the high number of the population are the lowest level of family planning 

combined to the high fertility rate: the average woman has over five children in the lifetime 

(Williams 2008). 

 The country has a dual economy based on petroleum production and agriculture. The 

petroleum represents about 10% of Nigerian GDP and the agriculture 40%. Nigerian agriculture 

provides employment (formal and informal) to about two-thirds of the economically active 

population. Transportation infrastructure is a major limitation to the economic development of 

Nigeria. Of the 200,000 km of roads, just 60,000 km are officially paved (and many in very bad 

conditions). Just 40% of Nigeria‟s total population has access to electricity and only about 60% 

have access to safe drinking water in the cities (Esterhuyser & As 2008). 

 

6.5 Waste in Western Africa 

The second workpackage of the IWWA project aims to “evaluate and analyse the current 

situation in the target countries in Western Africa” (IWWA 2010). At the time this study was 

being developed workpackage 2 was still under development, and therefore some facts already 

published by other studies and projects were used to frame the waste management overview in 

Western African countries.  

 According to Zurbrugg (2003), waste can be classified in two main groups to evaluate 

its composition: waste from developed and developing countries. Inhabitants of developed 

countries consume more industrialized food and so, they have a household waste with high 

content of plastics, paper, glass and metal. These materials make the waste dry and with low 

density. On the other hand, residents of developing countries consume more fresh food, fruits 

and vegetables and so produce a waste more moist and dense than the waste produced in 

developed countries. As published by Medina (2007), the percentage of organic matter in some 

developing countries ranges numbers from 74% to 84%. 

 

Cities 
Organic matter 

% 

Jakarta (Mexico) 74 

Average Indian cities 75 

Ibadan (Nigeria) 76 

Kathmandu (Nepal) 80 

Dhaka (Bangladesh) 84 

 

  Table 2: Organic matter content present in household waste on developing countries.  

Source: Medina (2007). 
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 The different waste composition of the household waste in different countries can 

illustrate the reason why the waste in developing regions has to be seen in a different way than 

the waste from developed regions. Figure 5 compiles information from different regions and 

brings the similarity of waste composition in developed areas (United States of America and 

European Union) and its difference from waste composition in developing countries. This study 

was made by Troschinetz & Mihelcic (2008) and emphasizes that waste flows in developing 

countries are composed by double as much organic material, half the portion of paper and 

cardboard, and similar portions of glass and plastic. 

 

Fig. 5: Comparison of municipal household waste composition of developed countries (United States of 

America and European Union) against the average of 19 developing countries. Source: Troschinetz & 

Mihelcic (2008). 

 

 As a more specific approach, there is the example of urban community of Dakar, 

Senegal. A Senegalese-Canadian consortium is in charge of household waste collection and 

transportation to the official landfill. Dakar produces a waste composed by 67% of organic 

matter, 13% of dry recyclables, 2% of special wastes and 18% of a group called as „various‟ for 

having a mixed composition (Kapepula et al. 2007). 

 

7 Waste collection and transportation 

An efficient removal and treatment of solid waste is one of the most fundamental urban 

environmental services. Waste collection corresponds to an essential utility function, together 

with electricity, gas and clean water, and an important part of urban infrastructure and services, 

like transportation system, housing, healthcare and education. A poor SWMS has a direct 

impact on health, urban environment and length of life. When the solid waste is not collected, it 

ends up in open spaces, like backyards, public parks, alongside roads or pathways and in rivers 

or lakes (UN-HABITAT 2010).  

 

7.1 Collection and transportation systems 

Taking into consideration the importance of waste collection and transportation for subsequent 

treatment, this chapter will bring examples of low-cost waste removal that could be applied in 
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the target countries. As described in Chapter 4, to have a sustainable waste management, all 

affected stakeholders must be involved and all aspects should be integrated. The analysis will 

highlight and point out the weaknesses and strengths of each example described below. 

 

 

7.1.1 The “Green Exchange” 

The “Green Exchange” initiative started in 1991, when an overproduction in agricultural 

products occurred in the city of Curitiba, Brazil. As the farmers were struggling to sell their 

overproduction at a reasonable price, the municipality decided to help them and buy the surplus 

production. At the same time, a publicity campaign was launched to educate people on how to 

separate recyclable materials from household waste. The municipality decided then to trade 

those agricultural products with the population, receiving from the residents recyclable 

materials. This exchange was very successful and the project became a regular programme. 

Consequently, the “Green Exchange” started to be offered to families that have a low-income. 

The programme offers in the suburbs the exchange rate of 0.42 BRL in seasonal fresh 

agricultural products for 5 kilos of clean recyclable household waste. The programme has also a 

variant: in schools, in order to bring the consciousness about environmental preservation to 

students, the programme offers the exchange of recyclable material to books, chocolates and 

even concert tickets (Prefeitura da Cidade de Curitiba 2010). 

 

Stakeholders and Aspects 

The “Green Exchange” does not demand high investment: the Municipality buys seasonal fresh 

products from farmers and exchanges it with the population for recyclable material. This dry 

material is later sold to recycling plants. Agreements between municipality and small farmers 

and marketing to the population are the main drivers: local population buys the idea as soon as 

they realize it is possible to take advantage from the simple separation of materials. It is a win-

win situation. Table 3 brings a more specific analysis of stakeholders and aspects involved in 

this system. 
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Table 3: Involvement of stakeholders and interaction of ISWM aspects of the “Green Exchange” system. 

 

7.1.2 Cooperatives and MSEs for collection 

Micro and Small Enterprises (MSEs) that work in waste management and recycling have 

emerged in developing countries over the past fifty years in countless forms based on local 

needs and capabilities. The examples that exist today vary from highly organized and nationally 

registered MSEs to unregistered and rudimentary groupings of scavengers that organize in the 

hopes of increasing their socio-economic status. MSEs do not have a uniform business model; 

they emerge from the policies and lifestyle exclusive to each country, region or community to 

create possible solutions for waste management and recycling needs. Therefore, MSEs are 

characterized by the ability to adjust to local conditions and cultures (Wilson et al 2006). 

 One community that collects and sort waste that is very well-known outside their own 

country is the Zabbaleen, in Cairo, Egypt. A documentary was made about their way of living: it 

won the United Kingdom movie award Exposures, in 2006 (Exposures 2010). The Zabbaleen is 

a group of scavengers and collectors that go door-to-door to collect unsorted waste and separate 

it at their own homes, with children, dogs and pigs circulating around. According to a BBC 

article (BBC News, 2007), 60% of the waste in Cairo is collected, and from that, the Zabbaleen 

take away two thirds from the source. Although Wilson et al (2006) describes that the 

Zabbaleen has a remarkable expertise at extracting waste with its value in a rate of recovery 

about 80%, Fahmi & Sutton (2006) outlines the needs that the Cairo‟s scavenger group has: 

improvement of housing standards, basic services and environmental quality. They need a 

proper place to work and live. 

Stakeholder Level of involvement

Local authorities
Municipality should provide necessary infrastructure, deal with small 

farmers and market it to residents

NGOs/CBOs -

Service users Local residents should be aware of the exchange and its importance

Private informal sector
Small farmers should agree in selling their production to the 

Municipality

Private formal sector -

Donor agencies -

Aspects Way of interaction

Technical
This example can be adapted to the local physical environment, with 

locally manufactured indigenous products

Environmental/health It promotes material source separation and recycling

Financial/Economic

It has a closed cycle that benefits not just service users but local 

agricultural production as well. It may require funding or subsidy from 

government

Socio-cultural
It can be adapted to user demands and priorities and be acceptable to 

people and institutions involved

Institutional
It focus especially in weak and underprivileged groups and requires 

inter-sectoral co-operation with other urban systems

Policy/legal/political
Strong enforcement of policies by local authorities brings more 

trustworthiness to this initiative
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 A different example is “El Ceibo”, a cooperative founded in 1990 which has very good 

ideas that other Community Based Organizations (CBO) could take as model. It is formed by 

104 families that work collecting, separating and selling dry recyclables (aluminum, glass, 

plastic and paper) in the neighborhood of Palermo, in Buenos Aires, Argentina. They have some 

characteristics that distinguish them from other cooperatives: 

 El Ceibo workers make an environmental advertisement around the neighborhood, 

explaining the meaning of recycled materials, some reasons why residents should participate in 

the programme, and what the social and environmental benefits are. Through this information 

campaign, they gather more participants to contribute with the separation of material for the 

programme. After this first contact, the collectors pass door-to-door collecting the material 

already separated by the residents and take this dry waste to a shed where other workers are 

sorting into the categories for selling (Buenos Aires Ciudad 2010). 

 Besides the difference in promoting their own programme, another characteristic that 

calls attention to El Ceibo is that they do not have anyone to intermediate any transaction in 

between the cooperative and the final recycling enterprise. They take the material for free from 

the households and sell it straight to the company that is going to work in the processing of the 

material. By doing that, the group has a higher profit than if they had to buy the material from 

the residents (Eco2Site 2003). 

 

Stakeholders and Aspects 

This examples of cooperatives, of people getting together to form groups and work towards the 

same direction, joining efforts, is a very good idea for developing countries. Low and middle-

income countries have too many people living below the poverty line and therefore the private 

informal sector needs to be developed in order to have fewer inhabitants living in misery. It is a 

benefit for scavengers and pickers that circulate around cities: instead of working in bad sanitary 

conditions, they start to have work with dignity. Table 4 brings a more specific analysis of 

stakeholders and aspects involved in this system. 
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Table 4: Involvement of stakeholders and interaction of ISWM aspects of the “Cooperatives and MSEs 

for collection” system. 

 

7.1.3 Pay-as-you-throw 

The system Pay-As-You-Throw (PAYT), also known as variable-rate pricing, is a system in 

which residents pay for each unit of waste discarded. It is equivalent to adding price tags on 

each container of trash that is placed at the curb or taken to a transfer station or to the landfill for 

disposal. As residents pay directly for waste disposal services, they have a financial incentive to 

reduce their waste using recycling, composting or even source reduction. 

 The Massachusetts Department of Environmental Protection reported on its website that 

this programme increased recycling, composting and reduced waste volume (MassDEP 2010). 

They have three systems of collection:  

- Imprinted trash bags: the price of the imprinted bag covers the costs of waste 

collection, transportation and disposal; 

- Stickers: residents purchase marked tags or labels and affix them to the barrels or 

bags they want to send to disposal. Different colors are used to different volumes; 

Stakeholder Level of involvement

Local authorities
Municipality could give support to provide better conditions for 

workers

NGOs/CBOs Could help them with expertise in gathering groups

Service users

Local residents must be involved to cooperate with the separation of 

dry recyclable material. They are very important to make this system 

work.

Private informal sector
Usually cooperatives comes from the informal sector, it depends on 

the support given by the Municipality. 

Private formal sector MSEs for collection can be registered and work legally

Donor agencies
They are not necessary but could be very helpful in order to buy 

equipment and establish a clean place to work.

Aspects Way of interaction

Technical This system is adapted to local availability of waste material

Environmental/health
It promotes material source separation and recycling. Usually 

transportation does not use fossil fuel energy, it is manual

Financial/Economic
It leads to a low cost per ton of waste operated and ensure high 

productivity of local labour 

Socio-cultural
It can be adapted to user demands and priorities and raise 

environmental awareness

Institutional

It focuses in weak and underprivileged groups and creates room for 

involvement of all stakeholders in planning and implementation. It is 

based on decentralised management

Policy/legal/political
Strong enforcement of policies by local authorities brings more 

trustworthiness to this system.
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- Wheeled carts: this system has the same concept of the trash bags but instead the 

uses of bags, the containers are used for collection with a fixed pick-up charge for 

each one. 

 Another example of the same system is used by the municipality of Guelph, Ontario, 

Canada. The residents participate in the system with the sorting of the waste into three types of 

bags as shown on the Figure 6: green (for wet compostables), blue (for dry recyclables) and 

clear (for landfill) (City of Guelph 2010). 

 

 

Fig. 6: The “Wet Dry+” system in Guelph. Source: City of Guelph (2010). 

  

 This programme, called “Wet Dry+” is reported by the Guelph municipality as being 

very useful for residents to reduce their waste. As inhabitants have to pay for the amount they 

discard, recycling, home composting and second-hand market are encouraged.   

 

Stakeholders and Aspects 

This is a system that needs strong enforcement from the municipality. Aspects such as policy, 

institutional and socio-cultural need to be raised for this system to work efficiently. Table 5 

brings a more specific analysis of stakeholders and aspects involved in this system.  
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Table 5: Involvement of stakeholders and interaction of ISWM aspects of the “Pay-as-you-throw” system. 

 

7.1.4 Two-stage collection services 

Collection and transportation subsystems can be structured considering two stages within the 

main waste management system: the first stage considers collection of household waste door-to-

door and discharge in transfer stations; the second stage is the collection from transfer stations 

and discharge in treatment plants or as final disposal. As stated by Guinani et al. (2004) this 

structure is chosen for the main reason of economy of scale that it can generate (i.e. the decline 

of average cost as scale increases). Guinani et al. (2004) write about the example of the regional 

municipality of Hamilton-Wentworth, Canada. Each city or town is in charge of its own 

curbside waste collection, using either its own workforce or a contracted service. The waste is 

disposed in transfer stations and so the regional municipality is responsible for the final 

transport, treatment and disposal of the collected waste.    

 Taking into consideration the same idea of having the transportation separated in two 

stages but with lower operational costs, Dhaka in Bangladesh, Bamako in Mali, and Lagos in 

Nigeria bring good examples of transportation in subsystems. In Dhaka, the main model of 

waste collection is based on door-to-door primary collection of waste by micro-enterprises, who 

take the waste to selected points on the roadside or transfer stations. Those primary collectors 

work with bikes (Figure 7) and receive training from the municipal authority of Dhaka. This 

contact between the municipality and the collectors facilitates the integration of primary 

collection carried out by the informal sector and secondary collection run by the municipality 

(UN-HABITAT 2010). 

Stakeholder Level of involvement

Local authorities
Municipality is the main responsible to make this system work. It 

needs a strong enforcement by local authorities

NGOs/CBOs -

Service users
Local residents must be aware of separation (to use the correct bag) 

and fees

Private informal sector -

Private formal sector
Private companies can work for the Municipality collecting the waste 

and fees as well

Donor agencies -

Aspects Way of interaction

Technical
This system is geared towards optimum separation and utilisation of 

each group of material

Environmental/health It promotes material source separation and recycling

Financial/Economic
Can lead to a full cost recovery, including all costs and benefits 

involved

Socio-cultural
It can be adapted to local willingness and ability to pay. It also raises 

environmental awareness

Institutional
It promotes competitive bidding for waste service provision by private 

sector

Policy/legal/political Enforcement of policies by local authorities is needed
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Fig. 7: Dhaka primary waste collectors. Source: UN-HABITAT (2010). 

 

 As second example, Bamako, Mali, has a primary collection service that covers 57 per 

cent of households. This collection is carried by private-to-private arrangements and provided 

by micro and small enterprises called Groupements d‟Intérêt Économique (GIEs), or Economic 

Interest Groups. The major part of the collection is done with 2-cubic-metre donkey-drawn carts 

that are staffed by one person. The size of an average GIE is about five donkeys and four carts. 

Some of them are presently investing in motorized vehicles to improve their collection 

capacities. GIEs transport the waste to one of the 36 officially secondary collection sites where 

later the waste management department of the district of Bamako handles with the secondary 

collection and transport (UN-HABITAT 2010).   

  The third example comes from Lagos, Nigeria. The barro‟ boys compose an informal 

initiative of the primary SWM sub-system that has its name created from the main equipment 

used in the collection of waste, which are wheel barrow or cart. Since 2006, the barro‟ boys 

operate side by side with Lagos municipality and the licensed operators but there is no formal 

data source that identifies the total number of workers (Afon 2007). During a research 

conducted in Lagos, Afon (2007) identified main characteristics such as: the usage of human 

drive cart is more common than the utilization of wheel barrow, just males as operators, and no 

practice of waste sorting. 

 

Stakeholders and Aspects 

This is a system that needs strong enforcement from the municipality in order to have a good 

coordination with the primary and the secondary subsystems and as well involvement and 

commitment by many of stakeholders. Table 6 brings a more specific analysis of stakeholders 

and aspects involved in this system. 
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Table 6: Involvement of stakeholders and interaction of ISWM aspects of the “Two-stage collection 

services” system. 

 

7.2 ISWM framework analysis 

As described by UN-HABITAT (2010), “technologies developed in the industrialized countries 

are designed for their own local circumstances, characterized by high labour costs, high 

technical capacities and waste rich in packaging materials.” A better approach for developing 

countries should then take into account the characteristics of the waste flow and a good 

understanding of local conditions to form the basis for the choice of the management 

technologies and strategies. That is why the analysis of the aspects of the Sustainable 

Development concept and as well socio-economic, demographic and cultural circumstances are 

extremely important.   

 Thus, taking into consideration the reality faced in Western Africa and the 

characteristics analysed for the four examples of collection and transportation of waste, a better 

approach would be one that could combine good service at low cost and use of local resources. 

Stakeholder Level of involvement

Local authorities

The second stage is municipality's resposability. Municipality could 

also give support to provide better conditions for workers at the first 

stage. 

NGOs/CBOs Could help workers with expertise in gathering groups

Service users

Local residents must be involved to cooperate with the separation of 

dry recyclable material. They are very important to make this system 

work

Private informal sector
Usually cooperatives come from the informal sector, it depends on 

the support given by the Municipality

Private formal sector -

Donor agencies
They are not necessary but could be very helpful in order to buy 

equipment and establish better conditions for working

Aspects Way of interaction

Technical
This example is adapted to local availability of waste material and 

physical conditions, e.g. small-medium secondary collection deposits

Environmental/health
It promotes material source separation and recycling. Usually 

transportation is manual and does not use fossil fuel energy

Financial/Economic
It leads to a low cost per ton of waste operated and ensures high 

productivity of local labour 

Socio-cultural
It can be adapted to user demands and priorities and raise 

environmental awareness

Institutional

It focuses in weak and underprivileged groups and creates room for 

involvement of all stakeholders in planning and implementation. It can 

be based on decentralised management

Policy/legal/political
Enforcement of policies by local authorities brings more reliability to 

this system
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 For all those systems given as example, local residents are the ones that must be 

involved the most: they must be aware of the importance of waste classification and its benefits.  

Cooperatives, MSEs (section 7.1.2) and GIE‟s (section 7.1.4) can be a good way to join efforts 

to implement those systems but are the solutions that require more enforcement from different 

stakeholders. Municipality plays an important role as it can be the key element to the correct 

function of cooperatives and MSEs, giving legal and better conditions for those working groups. 

Municipality‟s participation with the creation of those groups represents a win-win situation: for 

the local authorities it represents less waste to collect door-to-door and so less public costs and 

for the residents a cleaner city with income generation for the workers. The “pay-as-you-throw” 

system and the “green exchange” involve fewer stakeholders but need even more Municipality‟s 

participation and leadership: agreements with private formal sector are needed and a good 

marketing for the population is required from local authorities. 

 The interaction of the listed aspects (technical, environmental/health, 

financial/economic, socio-cultural, institutional, policy/legal/political) in ISWM framework is 

desirable to have a sustainable system. All the examples showed can have all of them interacted, 

some in a deeper way, some in a more superficial way. All those systems could be applied if not 

alone, in a combination of some ideas. It could bring the most effective system with a low cost 

solution. 

  

8 Waste Treatment and Disposal 

A proper waste treatment and disposal is very important to protect the environment and public 

health. The discarding of MSW into sites without any control is the most common form of 

waste disposal in the developing countries. This is the result of not just limited financial 

resources, but limited technical knowledge as well. Surface and groundwater pollution by 

leachate, migration of combustible gases (e.g. methane), odours and propagation of diseases are 

all frequent results. Open dumps provide poor living conditions for waste pickers, scavengers 

and create significant health risks not just for the present time but for the future as well 

(McDougall et al. 2001). 

  

8.1 Systems and technologies 

As having a proper waste treatment and disposal is very important not just for the environment 

but also for the community health, this chapter will present selected technologies that range 

from the simplest varieties to more complicated and expensive ones. The analysis will focus on 

the SD and ISWM concepts 

 

8.1.1 Home Composting 

The most literal meaning that can be found for the movement called “Yes In My Back Yard” 

(YIMBY) that opposes the “Not In My Back Yard” (NIMBY) movement is the home 

composting system (Figure 8). It is the utilization of a composting bin on the backyard where all 

the organic matter will be deposited and decomposed until it becomes natural fertilizer. 
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Fig. 8: Home composting process with its inputs and outputs. 

 

 A composting bin is manufactured using 100% recycled high-density polyethylene and 

contains special designed aeration system to accelerate the composting. Similar models of bins 

are made by companies like Sartori Ambiente in Italy (Sartori Ambiente 2007) and Container 

Trading WFW in Austria (CTWFW 2010). The extraction of the composted material can be 

made by any side of the bin using the panels that are assembled in layers. As the sizes range 

from 200-1,000 liters, those bins could be used for different sizes of families.   

 Another example of home composting is the cardboard box composting shown in Fig. 9. 

UN-Habitat Regional Office for Asia Pacific, Solid Waste Management and Resource 

mobilization Center, and UN-Habitat Nepal had jointly organized efforts to take this idea 

outside Japan, where it is massively practiced. Baglung, in Nepal, already started a pilot 

programme in 200 households but more efforts still need to be done to make people adopt this 

idea with more confidence (KCAP 2010). 

 

Fig. 9: The cardboard box home composting system. Source: KCAP (2010). 
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 The system of home composting, which is very low-cost, could decrease the amount of 

waste to be collected by the municipality or some private informal collectors, turning the 

process of collection and transportation less onerous. As it demands just an initial investment, 

stakeholders like the municipality and donor agencies could play a role with the service users to 

make it more attractive in economical terms. Home composting is simple in terms of technique 

as it is a very easy to understand the process but requires some education from population. It 

does not demand a strong political enforcement as it is a low-cost system.   

 

8.1.2 Compaction and de-watering 

As presented on chapter 7, waste from low and middle-income countries are well known for one 

main characteristic in particular: they are moist, much wetter than the waste from developed 

countries. This specific characteristic makes landfills get full rapidly, the cost of transportation 

is high as the wet waste weighs more and if the waste is incinerated, the heat value is low. 

 Those facts arise as the population in developing countries is growing: some companies 

are selling compactors and de-watering machines as a pre-treatment of waste (Figure 10). The 

Danish company called Runi will be used as example (Runi Danish Engineering 2010): high 

pressure is used for separating liquids from dry matter. As there is no heating nor centrifugation, 

less energy is required than other methods. The waste transportation can be more efficient with 

the waste already compacted and/or drier. Moreover, the landfill will take a longer time to reach 

its full capacity. A point that needs to be highlighted is that when using de-watering and 

compaction systems to treat the waste, attention regarding proper treatment for the water 

released from this pre-treatment should be taken into consideration. Machines as shown in 

Figure 11 are built in small sizes or for large-scale processing. 

 

 

Fig. 10: Compaction and de-watering process with its inputs and outputs. 
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Fig. 11: Screw compactor for dewatering. Source: Runi Danish Engineering (2010). 

 Local authorities and the private formal sector would have to get together to make this 

idea work. Some examples of business that have this facility are supermarkets: they first de-

water and diminish the volume of the waste before sending it to collection. If the fee is paid by 

the amount collected, the fee gets smaller as less volume of waste is sent to treatment.  

 

8.1.3 Food Waste Drying Machine 

Another way to dewater organic waste is with a food waste drying machine (Figure12). The 

example found is from Gaia Corp, a Korean company: the machines run with electricity and 

range from 30 kg to 2 ton a day if two cycles per day is considered (GAIA Corp 2010). 

 

Fig. 12: Food waste drying machine with capacity of 30kg/day. Source: GAIA Corp (2010). 

 

 As these machines are very robust and do not demand high-skills for operation and 

maintenance, they could be used in small stations and not just in one centralized point to 

diminish transportation costs. The operation procedure is just to fill the machine fully, run the 

drier, discharge and change the filter after the discharge. The released material is a brown and 

dry powder with no odor. The process is shown on Figure 13.  
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Fig. 13: Food waste drying machine process with its inputs and outputs. 

 

 The cost of implementation depends on the size of the machine, but can be considered 

as a medium one, as it is much cheaper than building a plant but more expensive than home 

composting, for example. That is why the local authority, some private formal sector and/or 

some donor agency should get together to make the system work. 

 

8.1.4 Decentralized Composting 

Decentralized composting (Figure 14) is an option for organic waste treatment that has been 

applied in developing countries like India (Zurbrügg et al. 2004) and Cuba (Körner et al. 2008). 

For Bangladesh, Waste Concern, a research based NGO, joined efforts with communities to 

create a community-based decentralized composting project in Mirpur, Dhaka. The composting 

system started its activities in 1995 with the plan of developing a low-cost method for 

composting of MSW with creation of job opportunities for the urban poor (Zurbrügg et al. 

2005). 

 

 

Fig. 14: Decentralized composting process with its inputs and outputs. 
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 The composting is made using the “Indonesian Windrow Technique”, a thermophilic 

and aerobic manual procedure. The composting scheme was formally approved by the 

Bangladesh Agriculture Research Council on the use of the compost product for agricultural 

purposes and had policy support from the Ministry of Agriculture. Waste Concern works in 

partnership with local authorities, private sector, local communities and international agencies 

(Zurbrügg et al. 2005). 

 Collected mixed household waste is pre-sorted at the composting site, before 

composting (Figure 15). The design capacity of 3 tons/day was reached by the end of 2001, 

being responsible for the waste treatment produced by 1,430 households. At present 10 people 

are employed at the composting plant. The financial success of the system is due to the fact that 

large bulk buyers of compost exist: the compost product is mainly sold to fertilizer producing 

companies. Those companies combine the compost with additives/nutrients to suit different 

customers (Zurbrügg et al. 2005). 

 

 

Fig. 15: Decentralized composting in Mirpur, Dhaka. Source: Zurbrügg et al. (2005). 

 

8.1.5 Solar Drying 

The technique of solar drying in “green houses” is mainly used for sewage-sludge treatment 

(Figure 16). Despite this most common utilization, organic waste (especially from developing 

countries where waste is wetter than in developed countries) can also be treated the same way.  
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Fig. 16: Solar drying process with its inputs and outputs. 

 

 The German company called Thermo-System Industrie & Trocknungstechnik GmbH 

developed a solar drying system than can work just with solar heating or combined with other 

heating methods in countries where the solar energy is not enough (Figure 17). An electric mole 

(an automatic stainless steel device used to move and turn waste) can work mixing the waste to 

accelerate the process and the whole system can be operated by just one person. Odor emission 

is below the level encountered at sewage plants, so treatment of exhaust air is not necessary. 

Considering the geographical location of Western Africa, this solar drying could probably work 

without any extra heating source – even in Germany some plants run with just solar energy. 

More than 100 plants already exist in countries like Germany, France, Spain and Austria 

(Thermo-System Industrie 2010). 

 

 

Fig. 17: Solar Drying System scheme. The air that gets inside the shell works combined with insulation in 

a greenhouse effect and dries the sludge/waste .The electric mole mixes the content to accelerate the 

process. Source: Thermo-System Industrie 2010. 
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 The plant built in Spain is the world‟s largest solar sewage-sludge drying plant. It was 

constructed in 2008, has 12 drying chambers in a dryer capacity of 20,000 m
2
. As said in the 

beginning of this chapter, this plant is not built to dry household waste but there is a big 

possibility of doing that. This system would definitely need a strong engagement of local 

authorities and private formal sector. It demands some initial cost of implementation but not a 

big cost of maintenance.  

 

8.1.6 Mechanical-Biological Plant  

The company called Eggersmann is building a plant in Dohuk/Kurdistan, Iraq and it is supposed 

to be finished by January 2011 (Figure 18). This plant calls attention for the reason that is not 

just composed by machineries but also turns responsibility for social aspect: manual sorting of 

waste is used instead of screen and mechanical separation. It brings a higher number of 

employments and shows that is possible to combine manual and mechanical operations within 

the same plant (Eggersmann 2010). 

 

Fig. 18: Dohuk plant flow. Source: personal contact. 

 

  The plant will receive household waste from the region of Dohuk and will combine 

manual waste sorting, magnets, recycling and composting within the capacity of 150,000 ton 

waste per year (500 ton per day and 282 working days per year). The plant will produce 

manually sorted recyclables (paper, cardboard and plastics) in bales and two types of compost. 

As the household waste from Dohuk is not previously separated at home, the waste will receive 

some sorting and treatment before composting and recycling and can be better explained in a 

very simplified flow as shown on Figure 19. 
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.  

Fig. 19: Mechanical-biological plant with its inputs and outputs. 

 

 This plant will generate of 20 employments and the initial cost will be around 7.2 

million Euros. Certainly this is still a high investment for low-income countries, but much 

smaller than other plants already built around the world. Therefore, private formal sector, the 

municipality and donor agencies as well would have to join efforts to make this plant happen.  

 Another example that can be cited is one of Waste Concern projects in Dhaka, 

Bangladesh. The total investment in this project is 12 million Euros for 700 tons per day 

capacity treatment in three large composting plants. Mixed waste is taken to the plants, where 

manual sorting separates recyclable from organic matter. The first 130-tonne-per-day compost 

plant started its operation on November 2009: it employs 90 people in a plant area around 

14,744 square meters. The full capacity operation should happen by 2011 with employment 

creation for 800 people. It cannot be classified as a conventional Public-Private Partnership 

(PPP) for the reason that it does not involve a government agency as partner that shares the 

profits. A better definition would then be a public-private cooperation project. The main 

difference from the Mechanical-Biological plant in Iraq and the plants in Bangladesh is the 

absence of machineries and use of manual sorting in Bangladesh (UN-HABITAT 2010). 

 

8.1.7 Dry Fermentation and Composting 

The plant that is presented as example of dry fermentation and composting was built in Bassum, 

Germany, in 2009 by Bekon Energy Technologies GmbH & Co (Figure 20). The initial material 

is household biowaste and green waste. Once this material has arrived at the facility, some of 

the biowaste is treated in the dry fermentation section and the other part is sent directly to the 

composting plant. 

 At the dry fermentation plant, the unloaded material is mixed with an equal amount of 

previously fermented material in the mixing hall using a wheel loader. This mixture is important 

to accelerate the process and “inoculate” the new material with bioactive microorganisms. This 

plant has 6 enclosed fermentation boxes that are operated in stages to guarantee a continuous 

supply of gas. The fermenters are heated and equipped with a sprayer that liberates a bioactive 

leachate which is collected in the fermenter. The fermentation process takes around four weeks 

and the temperature ranges from 37-39 degrees. At the end of the process, half of the material is 
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sent to the composting hall and the other half is added to the new input material for the mixing 

(Bekon Energy Technologies 2010). 

 

    Fig. 20: Dry fermentation and composting system scheme. Source: Bekon Energy Technologies 2010. 

  

 The dry fermentation plant has an input of 18,000 ton per year of biowaste and the 

composting plant of 50,000 ton per year of biowaste and green waste. The electrical energy 

generated by the dry fermentation plant is around 3,700 MWh/year and the thermal energy, 

4,000 MWh/year.  

 This facility seems quite interesting as it uses all the resources available (Figure 21). It 

requires a big initial investment but not big costs of maintenance, as there are not many 

employees and there is the profit of energy that is sold. Once more this solution would have to 

have join efforts from the local authorities and private formal sector and as well from service 

users, who would have to contribute with the separation of organic and non-organic material 

before sending to treatment. 

 

 

Fig. 21: Dry fermentation and composting plant with its inputs and outputs. 
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8.1.8 Fluidized Bed Combustion and Melting Furnace 

Fluidized Bed Combustion and Melting Furnace are being mostly used in Japan, with more than 

100 plants in operation (Figure 22). MSW is treated in high temperature and de-composed into 

clean flue gas. The ash is then melted using just the calorific value of the MSW without any 

auxiliary fuels. The iron and aluminum, which are suitable and useful for recycling, are 

recovered from the bottom of the furnaces. The slag is also recovered and can be used for 

paving roads (Figure 23).  

 

 

    Fig. 22: Fluidized bed combustion and melting furnace system.  

Source: Kobelco Eco-Solutions Co 2010. 

 

 The Japanese company called Kobelco (Kobelco Eco-Solutions Co. 2010) is working 

with this solution especially in Japan. The new facility, in Sagamihara, was finished in March 

2010 and can give an overview of the efficiency of this system: the capacity is 525 ton/day of 

household waste and the generation of electricity is 10,000 kW. This facility runs with 5 people, 

which includes waste crane operation and plant patrol surveillance. A more complex sketch of 

this facility that the one presented above can be found in the Appendix 1.  
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Fig. 23: Fluidized bed combustion and melting furnace process with its inputs and outputs. 

 For this process to work, a higher cost of implementation, bigger than the other ones 

presented above is necessary. Not just the local authorities but as well some donor agencies or 

the private formal sector would have to combine efforts to make this idea possible.  

 

8.1.9 Waste Conversion Pyrolysis 

Pyrolysis of waste is a process that provides the destructive decomposition of waste materials in 

the absence of oxygen. It is a methodology that allows the elimination of fly ash and other gas 

emissions to the atmosphere. This technology, (Figure 24) developed by Green Light Energy 

Solutions Corp. is suited for processing unsorted MSW (GLES 2008). 

   

 

Fig. 24: Waste Conversion Pyrolysis system. This figure can be found on the Appendix 2 for better 

visualization. Source: GLES 2008. 
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 One Waste Conversion Pyrolysis unit is constructed to have a production capacity of 

305 ton per day (with average waste moisture content of 60%). With the assumption that 15% 

(or 40 ton per day) is constituted of recyclable materials, (which will be filtered out at the pre-

processing line for further sale), the 265 ton left will be converted into energy. The electric 

energy output can surpass 5 MW, depending on the feedstock.  

 This modular system receives unsorted waste and, in pre-processing line, it has a 

sorting, a shredder, a dryer and a bunker. The sorting line filters out recyclable goods which 

cannot be pyrolized: metals, glass and concrete. The remaining waste goes to a shredder and 

then to a dryer. The dryer will lower the moisture content in the feedstock to 20% (to produce 

higher power generating results.). The material is conveyed to the pyrolytic chamber - the 

pyrolytic process which applies indirect heat without the presence of flame neither oxygen, is 

the most important stage. Subjected to temperatures as high as 850
o
C the waste is reduced to a 

carbon char residue and a gaseous product (syngas). The amount of carbon residue is 2-10% of 

the initial feedstock mass. After syngas leaves the pyrolytic chamber, it is sent to a thermal 

oxidizer. The gasses are burnt to destroy dioxins and other toxin elements. Inside the thermal 

oxidizer, gases face temperatures up to 1200
o
C. When it leaves the thermal oxidizer, the high 

temperature of the gases is heat exchanged to a waste heat boiler. This captured energy is 

converted into high temperature steam, supplying energy to turbine generators to produce 

electric power. The solid carbon char is collected for sale as a useful by-product or as alternate 

daily cover at a landfill. It can also be used to heat the pyrolytic chamber to diminish operating 

expenses (Figure 25) (GLES 2008). 

 

 

Fig. 25: Waste conversion pyrolysis process with its inputs and outputs. 

 

 The approximate initial cost is 30 million euro. According to the company, for the 

plants built in developed countries, the financial revenue takes approximately 4-5 years. With 

the commercialization of all by-products, this period can be reduced to 3-4 years. 
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8.1.10 Landfill without gas utilization 

A short but effective way to describe landfill was cited by Nemerow (2009), “Landfills are the 

one form of waste management that nobody wants but everybody needs.” Landfills are needed 

as disposal even for some other waste treatment technologies. The discussion about landfill in 

this report is going to consider a modern and proper treatment, not just dumping material in a 

piece of land. According to the United States Environmental Protection Agency (U.S. EPA), a 

landfill (Figure 26), in order to receive household waste, has to consider some standard points of 

attention (U.S EPA - Landfills 2010):  

 Location restrictions: it is fundamental to ensure that landfills are built in appropriate 

geological areas away from wetlands, flood plains, faults, or other restricted areas.  

 Composite liners requirements: it means to include a geomembrane overlaying about 60 

centimeters of compacted clay soil lining the bottom and sides of the landfill, to protect 

the underlying soil and groundwater from leachate releases.  

 Leachate collection and removal systems: to remove leachate from the landfill for 

treatment and disposal.  

 Operating practices: it includes compacting and covering waste frequently with soil to 

help reduce odor; control insects and rodents; and guard public health.  

 Groundwater monitoring: it requires testing groundwater wells to verify if waste 

materials could have escaped from the landfill.  

 Closure and post closure care: it includes covering landfills that reached their full 

capacity and providing long-term care of closed landfills.  

 Corrective action provisions: to join efforts to control and clean up landfill leachate to 

achieve groundwater quality standards.  

 

 

Fig. 26: Landfill without gas utilization process with its inputs and outputs. 

 

 As landfills in certain regions/countries are usually following the same instructions and 

guidelines, there is no one specific study case, but a good policy and practices within a country. 

And so New Zealand has a step forward in terms of analysis and audit of their landfills: in 2003 

a report was published with the overview of the situation in the country and some targets were 

made to reach till the end of 2010 a better quality within the operating landfills (Figure27). The 

guidelines for good practice that were published advocates that landfills have to (New Zealand 

Ministry for the Environment 2003): 

 be located in areas with low-permeability underlying geology; 

 utilize an engineered liner system; 

 actively manage leachate, storm water and landfill gas; 
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 have appropriate controls on the types of waste accepted for disposal; 

 monitor the discharges from the site; 

 ensure adequate separation from sensitive receptors (such as surface water and 

groundwater users) and confined spaces. 

 

Fig. 27: Landfill siting, design and operation. Source: New Zealand Ministry for the Environment 2003. 

 

 The results brought by the study “Overview of Solid Waste Landfills in Developing 

Countries: Africa, Asia, and Latin America” (Johannessen & Boyer 1999), explained that in 

many African countries, much of the basic infrastructure not just for solid waste collection and 

treatment but as well for water supply and wastewater treatment had yet to be established. While 

decision-makers in the region were aware that their countries had to upgrade open dumps to 

sanitary landfills, this was still not being regarded as a priority in most countries. At the national 

and municipal levels, few countries had taken steps towards constructing, maintaining, or 

operating landfills. Most countries in Africa used open dumps to dispose solid waste. 

 As described above, African countries need at least a safe place to dispose their waste. 

Numbers produced by the German Federal Agency for the Environment about landfill building 

and operating costs are shown in the publication Best Practices in Municipal Solid Waste 

(2010). For a landfill with annual reception of 110,000 m³ of waste in a 20-years time of 

operation, the space needed is approximately 200,000 m² and the initial cost is around 12 

million Euros. The annual operating costs are estimated in 360,000 Euros and the repair and 

maintenance costs about 1.1 million Euros per year. 
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8.1.11 Landfill with Gas Utilization 

A landfill releases methane and carbon dioxide gases in the natural process of anaerobic 

decomposition. Methane is a resource that can be easily used and make of landfills not just a 

place to dump waste, but as well a place to generate energy.   

 The biogas formed by landfills can be drained and transformed into power or steam and 

heat energy. A network of gas-drainage boreholes is linked by pipelines, in which a compressor 

unit decreases the air density, which is necessary for landfill gas to be transported to the place of 

usage. Gathering and utilization units are installed on a site close to the landfill (Figure 28). 

This gas drainage system can be installed on the whole territory of the landfill immediately after 

the exploitation is finished. According to one of the companies that develop this system, the 

Greenlight Energy Solutions (GLES 2008), economics prove that the most profitable sites for 

implementing this technology are landfills with a capacity bigger than 1 million tons and over 

10 m in depth. Those landfills are usually from cities with more than 100,000 inhabitants 

(Figure 29). 

 

Fig. 28: Landfill Gas Utilization system. Source: GLES 2008. 

 

 

 

Fig. 29: Landfill with gas utilization process with its inputs and outputs. 
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8.2 Web-HIPRE Analysis 

In a decision making problem, the decision maker has some alternatives and some criteria on 

which the decision is based. In Web-HIPRE, a software tool for multiple criteria decision 

making, the problem is planned hierarchically to form a value tree. In this value tree, each 

criterion is divided into sub-criteria, which are weighted by their importance to the decision 

maker.  

 The Web-HIPRE analysis (Figure 30) for the treatment and disposal case studies that 

were presented in the previous chapter is developed using the scheme presented in Figure 4, 

Chapter 5. The systems characteristics described in each case study is transformed into input 

data, ranked according to each criterion and summarized in a table. 

 

Fig. 30: Web-HIPRE analysis. 

 

8.2.1 Criteria, sub-criteria and alternatives 

The alternatives used in the model are the ones presented as good practices of treatment and 

disposal of organic waste (Chapter 8): (1) home composting with plastic bins, (2) home 

composting with cardboard boxes, (3) food waste drying machine, (4) compaction and de-

watering, (5) decentralized composting, (6) solar drying, (7) mechanical-biological plant, (8) 

dry fermentation and composting, (9) fluidized bed combustion and melting furnace, (10) waste 

conversion pyrolysis, (11) landfill with gas utilization, (12) landfill without gas utilization.  
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 The criteria are separated into three main categories (1) social impacts, (2) economical 

impacts and (3) environmental impacts. Each criterion is then divided into more specific sub-

criteria: 

Social impacts: 

 Level of Education: it is the minimum level of public education about 

sustainability, waste separation and its impacts that the population needs to know 

and understand to have a better response from the chosen method. It will be ranked 

with 1 or 2: 1 meaning the minimum level of education to understand and use the 

system in question and 2 the maximum level of education needed (e.g. source 

separation in more than 4 classes of waste);  

 Employment: it is the number of employments that the system can bring to the 

local society considering the same amount of waste to all the options. The 

calculation will be made considering the treatment of 100,000 ton of waste per 

year. It will rank from 1 to 3: 1 meaning the minimum number of employment 

generated (up to 5); 2 meaning average employment level (from 5 to 10) and 3 the 

maximum achievement in terms of working places (more than 10 vacancies).   

 

Economical impacts: 

 Cost of implementation: it is the cost of implementation of the system in question, 

considering the same amount of waste to all the options. The calculation will be 

made considering the treatment of 100,000 ton of waste per year and the rate of 

70% of organic matter. This equivalence brings the same measurement influence to 

all the options. The rank will be from 1 to 3, considering 1 a low investment (from 

0 to 5 million EUR), 2 a medium investment (from 5 to 10 million EUR) and 3 the 

most expensive investment (more than 10 million EUR). 

 Operation and maintenance: the rank considers the necessity of keeping on 

providing money for the treatment. The rank will be from 1 to 3, considering that 1 

there is no necessity to regularly provide any more money to run the process; 2 that 

some amount has to be invested regularly but some output is being generated as 

well, decreasing the cost of maintenance; and 3 that there is a high cost of 

maintenance with no income from waste recovery. 

 

Environmental impacts: 

 Environmental risks: it considers the impacts that the system can bring to the 

population and the environment around the place of implementation. Land 

degradation, air pollution and water pollution are among the risks. The rank will be 

from 1 to 3, considering 1 as no risk at all, 2 a susceptibility of some risk and 3 the 

forthcoming of some risk to the environment.      

 Resource recovery: it means the capacity of transformation from waste to energy, 

heating, fertilizer or some other beneficial product besides just disposal. Studies 

have shown that the high moisture and organic content that makes waste in 

developing countries harder to burn than the waste from developed countries also 

make it an ideal material for composting, anaerobic digestion, animal feed or direct 
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application to the land. Therefore this sub-criterion takes into consideration the 

resource recovery and the difference between the amounts of energy used to run 

the process and what is left as energy output. The rank will be from 1 to 3, 

considering 1 as no resource recovery at all, 2 some use but not in total 

effectiveness and 3 the use of the resource with its full capability.     

 Fossil energy use: it is the use of fossil fuel energy that each system has during the 

transportation and treatment of the waste. It will evaluate the combination of fossil 

fuel saving if there is no or short distance to travel from source to treatment and 

disposal, and the reduction of fossil fuel used in transportation if the volume of 

waste diminishes to have less traffic of trucks. The rank will be from 1 to 3, 

considering 1 as normal fossil energy use, 2 the use of fossil energy but with some 

reduction (less than 30% of reduction) and 3, to reductions in fossil energy use 

over 30%. Those systems are evaluated considering the other scenario as truck 

transportation with no volume reduction.  

 

8.2.2 Rating input  

The input used to rank each alternative into each attribute is shown on Table 7. 

 

Table 7: summary of information for Web-HIPRE rating input. 

   

Social impacts: 

 Level of Education: it was ranked with 1 or 2 criteria. Systems that received 1 is 

for the main reason that the resident do not have to do any separation, just put all 
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(1-2) (1-3) (1-3) (1-3) (1-3) (1-3) (1-3)

(1) Home composting plastic bins 2 1 2 1 1 3 3

(2) Home composting cardboard boxes 2 1 1 2 1 3 3

(3) Compaction and de-watering 1 2 2 3 1 1 2

(4) Food waste drying machine 2 2 3 3 2 2 2

(5) Decentralized composting 1 3 1 2 1 3 2

(6) Solar drying 2 1 2 3 2 2 1

(7) Mechanical-biological plant 1 3 2 2 1 3 1

(8) Dry fermentation and composting 2 1 3 2 1 3 1

(9) Fluidized bed comb and melting furnace 1 1 3 2 2 3 1

(10) Waste conversion pyrolysis 1 2 3 2 2 3 1

(11) Landfill without gas utilization 1 1 3 3 3 1 1

(12) Landfill with gas utilization 1 1 3 2 2 2 1

Social Economical Environmental
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the waste unsorted into bags or bins. Compaction and de-watering, decentralized 

composting, mechanical and biological plant, fluidized bed combustion, waste 

conversion pyrolysis and the landfills options require the minimum prerequisite of 

education and awareness for the society. If the system received a 2, it means that 

some sorting of waste is necessary at residential level and the separation in at least 

two classes (composting and dry recyclables) is necessary. Some information and 

advice from municipality will be necessary to make residents aware of the 

importance of this pre-treatment at home if home composting, food waste drying 

machine, solar drying and/or dry fermentation become upcoming choices.     

 Employment: it was ranked from 1 to 3, considering the same amount of 100,000 

ton per year of waste treated in each system. The systems that received 1, such as 

both systems of home composting, solar drying, dry fermentation, fluidized bed 

combustion and both landfills systems, mean that less than 5 new direct 

employments would be created. Compaction and de-watering, and food waste 

drying machine have the same capacity of waste treatment per cycle of 8 hours. 

They received a 2 considering that if 5 stations were created with 2 cycles per day, 

10 people would be hired to operate the machines at the stations. Waste conversion 

pyrolysis received a 2 as well since its plant generates around 6 jobs positions. 

Systems that received a 3 were the mechanical-biological plant, as it generates 

around 20 job positions with the sorting phase being considered at the plant, and 

the decentralized compost, that with its sorting phase being considered reaches a 

number of around 110 employments. 

 

Economical impacts: As part of the analysis, to have the same scenario for all the 

alternatives, each system costs were calculated for the treatment of 100,000 ton/year of 

household waste. An average of 70% of organic matter was considered for the 

calculation as well. Some costs of implementation and maintenance were received 

directly with the system manufacturer but, as there is no accurate quantity and quality 

data about the waste in the target region, some of the companies asked for not 

publishing them. That is the reason why no numbers will be shown, except the criteria 

low, middle and high cost will be used to classify and rank each alternative. 

 Cost of implementation: the classification 1, low cost, was given to two systems: 

cardboard home composting and decentralized composting. The main reason is that 

they do not demand any high technological skills, and the technology is very 

simple and low-priced to apply. The rank 2 was given to systems that have a 

middle initial investment, like the home composting bins, compaction and de-

watering, solar drying, and the mechanical-biological plant. The rank 3 was given 

to systems and plants that needs a high initial investment: food waste drying 

machine, dry fermentation and composting, fluidized bed combustion and melting 

furnace, waste conversion pyrolysis and both landfills options. All those 

classifications were made assuming that the system in question was the only 

treatment for the whole amount of waste.     

 Maintenance: the rank was made considering the necessity of keeping on providing 

money for the treatment. The only solution that received 1 was the home 

composting bins. A bin is supposed to last at least 20 years with no maintenance 

cost. Systems and solutions that received a 2, like home composting cardboards, 
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decentralized composting, mechanical-biological plant, dry fermentation and 

composting, fluidized bed combustion and melting furnace, waste conversion 

pyrolysis and the landfill gas utilization, mean that there is not just money input 

and costs of maintenance, but some revenue comes from that solution as well. 

Energy selling, fertilizer or some other bi-products are generated and guarantee 

some payback from that solution. Systems that received a 3, like compaction and 

de-watering, food waste drying machine and landfill without gas utilization, mean 

that the outcome of the system will be a product that still needs a further treatment 

or will just remains in a landfill with no income from that, just expenses. 

 

Environmental impacts: 

 Environmental risks: it was ranked from 1 to 3. The systems that received 1, such 

as both methods of home composting, compaction and de-watering, decentralized 

composting, mechanical-biological plant and the dry-fermentation and composting 

plant, mean that limited risk or no risk at all is taken to the environment with the 

treatment. These kinds of treatments are harmless to the environment as they 

release very little pollution and diminish the volume of waste in the end of the 

treatment. If the system received a 2, it means that might have some small impact 

in the environment, like small fraction of air pollution or the remittance of 

treatment leftovers to landfills. Food waste drying machine, solar drying, fluidized 

bed combustion and waste conversion pyrolysis are systems that have these 

characteristics. The landfill gas utilization received a 2 as well for the reason that 

some sort of energy is recovered, but still the impacts of a landfill should be taken 

into account. Landfill without gas utilization received a 3 for the reason that a high 

level of environmental degradation is predicted to happen. A point to be 

emphasized here is that the impacts that a dumpsite brings to the local environment 

are much larger than for any of the other treatment methods. 

 Resource recovery: it was ranked from 1 to 3. Systems that received 1, landfill 

without gas utilization and compaction and de-watering, mean that no use of the 

waste as some kind of source is being done. Landfill without gas utilization is just a 

disposal of material – no outcome is made from the waste. The compaction and de-

watering machine by itself just prepares the waste for the next step of treatment and 

diminishes the volume of waste, but does not use the source with all its strength. 

The systems that received a 2, landfill gas utilization, food waste drying machine 

and solar drying, received it for the reason that they use some quantity of the 

resources that the waste can produce. Therefore, the systems that received a 3 use 

all the resources that waste can produce (each one with its own characteristics): 

home composting systems has as output fertilizer; mechanical-biological plant and 

decentralized composting separate recyclable materials from organic material and 

has fertilizer from composting as well; dry fermentation and composting has as 

output electrical and thermal energy and fertilizer; fluidized bed combustion and 

melting furnace generates electricity, clean and separated material for recycling 

and slag that is used for paving roads; and waste conversion pyrolysis generates 

energy, clean and separated material for recycling and carbon char, that can be 

used as source of energy or to cover landfills.     
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 Fossil energy use: it was ranked from 1 to 3. Systems that received a 1, like solar 

drying, mechanical-biological plant, dry fermentation and composting, fluidized 

bed combustion and melting furnace, waste conversion pyrolysis and both landfills 

systems received it for the reason that the waste will have to be transported to the 

plant with all its volume and no pre-sorting close to the source is being done. It 

would have no saving in transportation. Decentralized composting, compaction and 

de-watering and food waste drying machine share the same idea of being located in 

stations close to population, unlike big plants. In the analysis they received a 2 

considering that some transportation would have to be done to the treatment 

location. The systems that received a 3 were just the two sorts of home composting. 

No transportation at all would be needed to treat that waste.      

 

 

8.2.3 Priorities  

Priorities are needed to demonstrate what is more important for the right decision to happen. In 

this study, considering the main characteristics about Western Africa presented in Chapter 7, 

social and economical aspects should be the focus for the implementation. This decision does 

not imply that environmental issues are not important, the decision of ranking environmental 

issues in the last position means that at this moment of development and new technology 

implementation, economical and social aspects need to come beforehand.  

 The same methodology of ranking priorities was used to the sub-criteria. For the social 

aspect, the necessity of education among population is not more neither less important than 

having new job offers. For the economical aspect, the maintenance of the system might be the 

most important issue to consider than the cost of implementation. It is quite common to see big 

plants not functioning for the reason that no funds are available to keep on running the facility. 

For the environmental aspect, resource recovery received the highest priority: waste is a source 

of energy and others value outcome; it should be viewed as a resource and not just as useless 

material. After that, environmental risks received a higher priority than fossil energy use. The 

last position for fossil energy use is due to the fact that this issue can be solved within the 

transportation phase, as shown in the chapter 8.1 with the creation of MSEs and cooperatives as 

example. It is not a specific characteristic just from the treatment system in question.  

 Within each sub-criterion, the function value given is direct or indirect related to each 

grade, e.g. “Employment” received a positive slope: having a grade 3 means a better scenario, 

with more employment generation than grade 1; and “Maintenance” received a negative slope, 

as grade 1 means a better scenario, with a lower cost than the grade 3. All priorities elicitations 

are presented in the Appendix 3. 

 

 

8.2.4 Results and analysis 

Web-HIPRE software shows the results within criteria classification (Figure 31) and within sub-

criteria classification (Figure 32). After the input of all information described above, the 

systems final ranking of applicability is shown on Table 8.  
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Fig. 31: Web-HIPRE results for criteria classification.  

 

Table 8: Final ranking after inputs in Web-HIPRE. 

 

Fig. 32: Web-HIPRE results for sub-criteria classification.  

 

 The analysis of Figure 32 shows that the best position was given to Decentralized 

composting specially due to the social impacts: the employment generation and the low level of 

education and awareness needed from local population as the waste go unsorted to the plant. 

Low cost of implementation and the presence of high resource recovery also made a difference. 

As second place, the mechanical-biological plant had similar results as it has similar 

characteristics as the Decentralized composting projects run in Bangladesh: the only disparity 

was in the cost of implementation as it has more technological development than the 

decentralized composting. As third place, home composting with plastic bins: the low cost of 

Ranking Alternative

1 Decentralized composting

2 Mechanical-biological plant

3 Home composting plastic bins

4 Compaction and de-watering

Fluidized bed comb and melting furnace

Waste conversion pyrolysis

7 Home composting cardboard boxes

8 Landfill with gas utilization

9 Food waste drying machine

10 Dry fermentation and composting

11 Solar drying

12 Landfill without gas utilization
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maintenance, low environmental impact and the good resource recovery that this system brings 

took it to the top three solutions. 

 In the fourth place, three systems had even results: Fluidized bed combustion and 

melting furnace and Waste conversion pyrolysis differentiate themselves from Compaction and 

de-watering since they had the impact of good resource recovery while Compaction and de-

watering had the impact of a low cost of implementation. As seventh best solution, Home 

composting with cardboard boxes become prominent since resource recovery was the main 

impact. In the eighth position, Landfill with gas utilization for the main reason of the lack of 

education needed. Food waste drying machine came later but deserved the highlighting of low 

cost of maintenance and employment generation. Dry fermentation and composting took the 

tenth position due to the fact that low environmental risk and high resource efficiency are 

present within this system. Solar drying seemed not to be a better option as any of the social 

aspects were covered; just environmental and economical ones. And at last, Landfill without gas 

recovery: the only good point of this solution is the lack of education and awareness needed, but 

no positive economical or environmental aspects can be seen in this solution.  

 

9 Discussion 

Ghana, Côte d‟Ivoire, Nigeria and Senegal face low standards of living compared to developed 

and even compared to other developing countries around the world. Some of the most important 

indexes show this low standard of quality of life in numbers, like the ones presented in Chapter 

6. GDP per capita and HDI show how poor those countries are and how much more 

development they still need in order to live in a more clean, healthy and safe environment. 

 A sustainable SWMS can help them reaching this goal. As presented in Chapter 7, 

collection and transportation systems could bring an important improvement in living 

conditions. In view of what was stated repeatedly in the UN-HABITAT (2010) publication, that 

there is no right answer that can be applied to all the cities and all solutions, a mere copy of one 

technology should not be considered. Then a combination of the examples showed in Chapter 7 

could bring an efficient collection and transportation system for the West African towns and 

cities: MSEs and cooperatives could work with the collection and transportation to the treatment 

or in combination with municipal services, taking the waste to a transfer station. With safe and 

organized conditions, collectors could work with more dignity and respect than regular waste 

pickers do in developing countries. A combination with the “pay-as-you-throw” system could 

make local residents aware of collection fees and so separate dry recyclables for cooperatives 

and MSEs collection with no charge for residents. The “Green exchange” could be used as well, 

with the idea of cultural exchange to bring awareness from students and children. There is no 

right or wrong system, but so an efficient combination of ideas that could give the most 

effective system in a low cost solution. 

 As for waste treatment and disposal, after the results brought by Web-HIPRE this study 

main recommendation is a combination of the treatment systems ranked with best rates: 

- Decentralized composting should be one of the main choices for the organic 

material treatment. As this solution generates a great number of employments and 

does not need a high education and awareness from population, most of the waste 

should be treated within this system. It could also be combined with some features 
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of the Mechanical-biological plant, like bag breakers and magnets, to improve the 

plant capacity. One main important issue is to keep the system low-cost and easy to 

maintain. Another main observation is the importance of making agreements for the 

output products. Dhakar‟s decentralized composting project is being successful as 

fertilizer producing companies are regular buyers of compost material. It brings 

constantly income to the system. 

- For areas that cannot be reached very easily, like peri-urban and rural areas, home 

composting with plastic bins should be encouraged. If stakeholders like local 

authorities, NGOs and private sectors help with financial support for bin 

acquisition, this system could receive a good adoption by the local population. West 

African countries economy relies on natural resources and agriculture. Using 

organic waste as a source for compost fertilizer could improve soil quality and bring 

even more income with crop cultivation. It would be a win-win solution    

- If funds are available to design a system that requires more investment, the Web-

HIPRE showed that Fluidized bed combustion and Waste conversion pyrolysis 

could also fulfill other needs, like a medium maintenance cost reduced by income 

generation with energy production and the low necessity of education of the 

population. If those technologies are applied, this study also suggests small and 

decentralized de-watering stations. This pre-treatment reduces weight, volume and 

the quantity of water present in the waste and reduces transportation costs and 

pollution.   

  

 The inputs made for this model considered what the waste management market has to 

offer in terms of technologies and good practices. The categories of social, economical and 

environmental impacts were developed taking into account what have already been presented 

about Western Africa economy, welfare, needs and waste management reality. The Web-HIPRE 

model built for this analysis is preliminary, due to the limitations presented in Chapter 3: more 

specific data is being researched by other participants in the IWWA consortium. The ranking of 

inputs made for this model (Table 7) and the priorities chosen could then be adapted for specific 

stakeholders‟ demands and so the final rank could be more accurate for the target countries and 

cities reality and needs. 

  

10 Conclusion 

Western African countries are at an early stage of not just modernization, but creation of a 

sustainable SWMS. For this reason it is important to identify simple, appropriate and affordable 

solutions that can also be implemented progressively. Considering the results presented and 

discussed in Chapter 9 and the limitations presented in Chapter 3, the aim of this study can now 

be properly answered:   

Considering the data about Western Africa region already published and the waste 

management systems and technologies successfully applied worldwide, what could be indicated 

to the four target countries in order to help them solving the waste management issue? 

 Creation of cooperatives, MSEs and GIEs for collection and transportation should 

strongly be encouraged. Local authorities could join efforts with NGOs and private sectors to 
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make it happen. The combination of those groups of waste collectors with ideas like the “pay-

as-you-throw” and the “green exchange” can help to raise awareness among the population and 

make the collection very efficient. Gathering not just municipalities and formal private sector, 

but population and informal private sector can be a plus to help in the enforcement of a good 

and reliable waste management system. 

 As for the treatment of solid household waste, the focus for organic matter should be on 

the combination of decentralized composting and home composting with plastic bins. 

Decentralized composting showed to be a good option as it can create job opportunities and has 

low environmental impact with an excellent resource recovery. As it has decentralized locations, 

the distance to the place of generation is usually closer, impacting in less fossil fuel energy 

expenditure. The consideration for the home composting with plastic bins should be taken for 

households that are far from decentralized composting plants and where the houses are not 

reachable easily. If the waste management plan has resources for a large investment to apply, 

then Fluidized bed combustion or Conversion pyrolysis could be encouraged with pre-treatment 

of waste close to the place of waste generation. Those systems have a high resource recovery, 

low pollution, can receive unsorted waste and generate energy as well.  

 For any new waste management scenario to be applied in Western African countries, it 

is important for the stakeholders that support this project to have in mind that a sustainable 

waste management system should not be just environmentally, but socially and economically 

designed. 
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APPENDIX 1: Fluidized bed combustion and melting furnace system  
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APPENDIX 2: Waste conversion pyrolisis system 
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APPENDIX 3: Criteria and sub-criteria 

 

Model: Waste Management 

 

Criterion: Social 

 

Sub-criterion: Level of education   
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Sub-criterion: Employment   

  

 

Criterion: Economical 

 

 

Sub-criterion: Cost of implementation   
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Sub-criterion: Maintenance   

 

 

Criterion 3: Environmental 

 

 

Sub-criterion: Environmental Risks  
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Sub-criterion: Resource Recovery 

 

 

Sub-criterion: Fossil Energy Use 
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