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4. Solid waste
management
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The municipal solid waste management sector represents a major challenge for developing countries due to significant environmental and socioeconomic issues involving
rapid urbanization, inappropriate municipal solid waste management practices, and
the existence of the informal waste sector. in these countries, municipal solid waste
management systems are often inefficient and operate to low standards (1, 2). Municipal solid waste management is characterized by low collection rates and the lack of
appropriate waste treatment and final disposal, contributing not only to global climate
change1 and other critical environmental impacts, but also having negative economic
and social effects. Most impacts related to waste management occur during the final
disposal phase.
Dumping untreated solid waste on uncontrolled landfills and open sites is still the most
prevalent method of waste disposal in the cities of developing countries. For example,
a study analysing waste-management systems in 36 urban areas in 22 developing countries revealed the common use of open dumps without leachate treatment, treatment
gases or any other necessary infrastructure. In addition, in 61 percent of the cities analysed open burning of waste by households was extensively practised (3). Uncontrolled
waste-disposal practices can lead to the spread of vector-borne diseases, and the disposal of waste containing hazardous materials can be harmful to workers in the waste
sector, nearby communities, and the environment. Environmental impacts in the municipal solid waste management sector include, but are not limited to, global warming,
acidification, eutrophication, and human and eco-toxicity.
These are only some of the impacts that waste-management practices can have on cities. In the following section we will go further into the municipal solid waste management systems of developing countries and their stakeholders, and provide an overview
of the current municipal solid waste management technologies and approaches that
are available.
Typically, municipal solid waste management systems in developing countries are run
by both the formal and informal sectors. Nevertheless, the stakeholders and their role
are similar, despite the existence of possibly different contexts. There is a wide range of
stakeholders involved in municipal solid waste management systems, and their different roles depend on the step in the waste management value chain in which they are
acting (generators, waste management operators, law and policy-makers, etc.). Also,
there is sometimes a blurred line between the two sectors, the same stakeholders possibly being responsible for both informal and formal roles and activities in the system.

1
In 2012, the municipal solid waste
management sector accounted for
around 5 percent of global greenhouse gas emissions, primarily
driven by disposal in open dumps
and landfills without landfill-gas
collection systems (1).

National governments are mostly responsible for establishing national waste-management policies, strategies ensuring that local governments have the necessary enforcement capacity, and the resources for effective solid-waste management. Municipalities
and other local authorities are responsible for the provision of solid-waste collection
and disposal services. In addition, local governments are typically responsible for implementing waste-management legislation and regulations. If there is cooperation
with the formal private sector, local governments regulate and control the appropriate
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provision of waste management services by means of formal private companies, registered entities with an organized labour force and some capital investment, and covering
a wide range of enterprise types. Their main motivation is to generate profits on their
investments in waste services (collection, transfer, treatment, recycling and disposal).
The lack of municipal solid waste management services creates a need for alternative
ways of handling and disposing of the waste, causing the development of informal
waste activities (called ‘informal sector’ or IS) in developing countries. The informal
private sector comes into play when formal waste management services are not provided, perhaps in rural areas or areas that are difficult to access, or when there is lack
of financial capacity or willingness to pay for waste-collection fees. The informal sector
commonly consists of individuals, groups and small enterprises that typically operate
in inadequate and uncontrolled conditions and belong to socially disadvantaged individuals or groups working in informal recycling (e.g. children, women, and the elderly) (5). Frequently, the informal sector carries out waste separation and recycling, thus
also reducing greenhouse gas emissions and other environmental impacts by reducing the volume of waste disposed of in landfills while at the same time creating local
added value through the recycling market and informal jobs. However, despite these
positive impacts, informal waste-management activities are also associated with negative social and economic conditions, such as poverty, inappropriate occupational and
health-related working conditions, exploitation, discrimination, child labour, social rejection, and a lack of education (5).
Households and commercial establishments are waste-generators and waste-management service-users. Their waste composition and characteristics tend to be very similar
and to be treated as municipal solid waste. Sometimes they could be involved in the
city’s source-segregation activities. Other possible stakeholders present in waste management systems are non-governmental organizations and external support agencies,
both of which aim at supporting and facilitating the implementation of more sustainable waste management practices. This support can be provided by, for example, capacity-building, financial assistance to formalized waste workers, technical assistance
for implementing separate collections, technology transfers, etc. (6).
The boundary between formal and informal stakeholders is not always clear. Recyclable
materials are recovered by informal waste-workers who sell them to formal recycling
companies. Municipal employees who load waste into municipal trucks (municipal
waste-collection crews) may also separate recyclables as they load and sell what they
find unofficially to informal sector dealers. Co-operatives consisting of informal-sector workers may undertake some formal work under contract to a municipal authority
while also being involved in informal recycling (7). The next section will describe the
most common working and interaction mechanisms between the two sides, as well as
the waste-management technologies and approaches that link them.
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Figure 1. Waste hierarchy
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Source: European Waste Framework Directive, 2008

4.1. Overview of technology options
There are different options for tackling diverse issues related to municipal solid waste
management that are problematic for developing countries, ranging from strategic
and management-oriented options to purely technical solutions. Often, both sorts of
scheme should be combined in order to optimize their results. Currently, countries in
general are formulating their national goals and targets and development road-maps
for the sector around resource efficiency based on waste-minimization principles. A key
pillar of these is the so-called “waste hierarchy”, which targets waste prevention/reduction, reuse and recycling (and the intermediate steps that link them), recovery and disposal (see Figure 1). This concept outlines an order of preference within waste-management practices. There are different variations of the waste-management hierarchy (3Rs,
5Rs, 9Rs) (8, 9, 10), but they are all very similar and are focussed on preventing waste
generation as the topmost and most important aspect of the hierarchy. The Waste Hierarchy considers waste reduction and waste prevention to be the most sustainable
waste management practice, as it is very critical to decoupling waste generation from
economic growth (11). Waste reuse is ranked as the second best option, this being followed by waste-recycling, recovery, and disposal. Landfilling and further final disposal
practices are the least sustainable options and are therefore placed at the bottom of the
hierarchy.
While the waste hierarchy focuses on resource efficiency and waste minimization as the
main goals, there are other waste management approaches that incorporate it as a key
pillar but that also contemplate waste management more holistically. They give importance not only to the efficiency of materials and energy flows, but also to country
context, with multiple actors participating in municipal solid waste management systems and the particularities of their interactions towards sustainability. Among of these
approaches are:
•

Integrated waste management, which adopts the waste hierarchy as a cornerstone, but also focuses on stakeholder participation, the integration of political and
social factors, and other interrelated processes in the waste system (6).
Climate technologies in an urban context
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Participatory waste management pays more attention to the social aspects of
waste management than integrated waste management. This approach aims to
achieve solidarity within stakeholders in waste management systems and strongly
supports the social and economic integration and empowerment of the informal
waste sector.

•

In terms of the greenhouse gas mitigation potential of each waste management practice, there are a number of life cycle assessment-based studies estimating the greenhouse gas emissions of different waste management practices and comparing them in
terms of their mitigation potential. In this sense, waste prevention has been proved to
reduce greenhouse gas emissions by reducing raw-material extraction and energy use
in production activities, as well as from avoided waste treatment and disposal. Generally, greenhouse gas emissions from waste-prevention measures are lower than any
other waste-management practice. A comparative study of the greenhouse gas mitigation potential of different waste-management practices in Organization of Economic Cooperation and Development countries demonstrated that source-reduction and
prevention and recycling provide the highest reductions in greenhouse gas emissions
per metric tonne of diverted municipal solid waste compared with baselines practices
in 2030 (13).
After waste prevention and re-use, waste-recycling is the next option for cities to consider according to the waste hierarchy. In developing countries, the mitigation potential
from recycling is driven by the informal sector, which also has very interesting potential
in terms of greenhouse gas mitigation. Commonly, due to the informal nature of these
activities and the lack of data, it is difficult to measure the avoided environmental impacts related to informal recycling. However, some experiences were able to estimate
this mitigation potential: see Table 1 for some examples.
Table 1. Examples of greenhouse gas emissions reductions from informal waste-recycling

Location

Materials

Greenhouse gas emissions saved

India

Paper, plastics, metals and glass

962,000 tonnes carbon dioxide/year

Six cities in Peru, India, Egypt,
Romania, Zambia and Philippines

-

28,900 - 496,700 tonnes carbon
dioxide

São Paulo, Brazil

Paper and cardboard

1,443–2,720 tonnes carbon dioxide/
year

Ormoc, the Philippines

Dry recyclables

7,750 tonnes carbon dioxide/year

Source: Aparcana and Hinostroza, 2015; King and Gutberlet, 2013; Hetz el al. 2011
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After waste-prevention and waste-recycling, cities have further options targeting the
final steps of the waste hierarchy. The election of these technologies will depend,
among other things, on the waste’s physical and chemical characteristics and the
amounts generated. Among of these technologies are:

2
Million metric tons of carbon
dioxide.

•

Composting: this is a technological and economical accessible option that simultaneously generates aggregated value to organic waste and contributes to greenhouse
gas mitigation, mainly by diverting untreated organic waste from landfills and the
substitution of chemical fertilizers. The latter represents greenhouse gas savings of
around 8 kg carbon dioxide e/ton of composted waste (11, 6). Furthermore, compost
may also act as a carbon stock (it has a high carbon-storage capacity due to its slow
carbon-mineralization process). There is consensus about this role, but not about
the quantification of this potential.

•

Anaerobic digestion/biodigestion: this is used to degrade organic waste, the main
inputs of this process being biogas (methane as the main component) and digestate.
Biogas has a number of uses depending on the size of the biodigestor (therefore, the
amount of biogas obtained) and the quality of the biogas. Usually, small-scale biogas plants convert the gas into heat and use this energy for cooking, heating, drying
of grains, etc. Bigger plants with a more complex technologies can generate electricity and heat through cogeneration. Small-scale biogas plants are more frequent
in developing countries, due to their easy-to-implement technology and low construction and operating costs. The greenhouse gas mitigation potential of anaerobic
digestion may vary depending on the end-use of the energy (gas, electricity, heat,
transport, etc.), local energy grids, technology, etc. Anaerobic Digestion projects
planned for Chile and the Dominican Republic are expected to achieve greenhouse
gas savings of 6 million metric tonnes of carbon dioxide/year,2 and in twenty years
an accumulated reduction of around 51 million metric tonnes of carbon dioxide (6).

•

Mechanical biological treatment: this usually involves a first treatment phase,
corresponding to the separation and sorting of recyclable materials (mechanical
phase), and a second biological one, which could be anaerobic digestion or composting for the organic fraction. Due to the high construction and operating costs,
mechanical biological treatment plants are more common in developed countries
(11). Owing to the combination of different treatment processes (see more in Section
2), mechanical biological treatment plants have an interesting greenhouse gas mitigation potential, depending on the technology, waste composition, type of waste,
local energy grid, use of final outputs, etc. However, compared to landfill, mechanical biological treatment plants may save around 90 percent of methane emissions
(11). In Organization of Economic and Cooperation and Development countries, mechanical biological treatment could reduce the amount of municipal waste diverted from landfill (relative to baseline practices in 2030) from 500 to around 2,000 kg
carbon dioxide e/ton (13).
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•

Incineration: this technology is widely applied in developed countries (80 percent
of all plants at global level), but in developing countries its implementation is still
low, mainly due to inadequate waste composition (water content too high), lack of
adequate legal and regulatory frameworks, and high investments and operating
costs (16). Moreover, when it comes to circularity and sustainable waste management, incineration would be the last option to consider, as energy recovery comes
at one of the last steps in the implementation of the waste hierarchy. municipal solid
waste incineration can save greenhouse gas emissions through avoided landfilling
and energy recovery (electricity and heat). For each tonne of municipal solid waste
incinerated in an incineration plant with combined heat and power units, the equivalent of 1,010 kg of carbon dioxide can be avoided by diverting that waste from landfill without using methane gas (16).

•

Gasification and pyrolysis: these are treatments carried out under oxygen-controlled conditions, during which pyrolysis gas and a solid coke are formed. The heat
values of pyrolysis gas typically lie between 5 and 15 MJ/m³ from processing municipal waste. Pyrolysis technology is constantly being developed, and some countries
in Europe are introducing this technology in the form of pilot plants and demonstration plants. Other countries (e.g. Japan) are using it already on a commercial
basis. However, this technology still has only a small share of the overall treatment
capacity when compared to incineration and is used to process selected waste materials only (17).

•

Landfill: this is considered the last waste management option, after waste prevention, recycling and recovery. A sanitary landfill includes landfill gas and leachate
capture and treatment systems. A landfill without gas utilization would emit around
1,610 Kg carbon dioxide eq/tonne municipal solid waste (16); however, if landfill gas
is used for energy recovery, it can compensate emissions in favour of greenhouse gas
emission reductions. Landfill gas typically contained around 50 percent of methane
and can be captured and burned in combined heat and power units to generate electricity and heat. The Environmental Protection Agency reports that approximately
60 to 90 percent of the methane emitted from a landfill can be recovered and used,
depending on system design and effectiveness (18).

Although waste management treatment options are already known and well-established, there is still a lack of knowledge about them and their applicability in developing countries, which is strongly linked to the lack of understanding about the main characteristics of municipal solid waste management systems and the technical conditions
required to operate certain technologies under particular contexts.

4.2. Selected technologies
As described in the previous section, there are several waste-management options
that can be selected according to particular contexts, such as waste characteristics,
economic and financial restrictions, the institutional and policy-related aspects, etc.
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Frequently, in order to address the particularities of each municipal solid waste management system, it is necessary to combine sustainable waste management approaches with adequate technical and operational solutions. This chapter describes waste
management approaches and technology options that, when combined, can reduce
the negative impacts linked to inappropriate waste management practices.

4.2.1. Integrated Waste Management and Integration of the Informal Waste
Sector
The Integrated waste management approach adopts the waste hierarchy as its cornerstone by focusing on the management of material and energy flows within of the
waste management system and the links outside it. Integrated waste management can
be used to optimize existing systems, as well as to design and implement a new one
(19). In contrast to conventional waste management systems, which mainly focus on
improving the operational aspects (waste collection, transport, disposal) and increasing their efficiency, integrated waste management focuses also on stakeholder participation, waste in neighbourhoods, cities, etc. integrated solid waste management goes
beyond the technical level to focus on the integration of the political and social factors,
and other interrelated processes into the waste strategy (6).
Figure 2. Integrated waste management
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Integrated solid waste management is based on four principles: equality for all citizens
regarding access to waste-management systems: ability to remove the waste safely;
ability to maximize the benefits; ability to minimize the costs and optimize the use of resources; and sustainability of the system from the technical, environmental, social, economic, financial, institutional, and political perspectives. The implementation of integrated waste management involves three dimensions: 1. stakeholders, 2. waste-system
elements and 3. aspects. The stakeholders are people or organizations involved in the
Prevention
waste-management system in both
the formal and informal sectors. Waste-management
Preparing for re-use
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elements refer to the operational dimensions of the system: waste-collection, transport,
treatment and final disposal, including recycling and waste-prevention measures. The
context aspects encompass the reality around a waste management system with regard
to the financial, economic, environment, politico-legal, institutional arrangements, and
socio-cultural aspects. This context can be changed to enable sustainability (2). The
concept of integrated solid waste management considers these three dimensions to be
strongly linked. Integrated solid waste management implies managing the interrelations between the contextual aspects, operational and material flow-related elements,
and the stakeholders in a sustainable way. The impacts of these interactions can enable
a waste management system to work or prevent it from reaching a sustainable state.
Aligned with the importance that integrated waste management gives to stakeholder
involvement, including by informal actors, there have been multiple experiences in developing countries testifying to the key role of the informal waste sector and the positive economic, environmental and social impact of their inclusion within the formal
waste management system. In the last few years, more and more cities in developing
countries have identified the need to recognise the contribution of the informal sector
and its inclusion in formal waste-management systems as an effective strategy. Governments have started to change their previous attitudes of opposition and indifference into active support (20). For this reason, in the few last years, several methods
of formalization have been implemented in order to improve waste-management systems and transform them into more sustainable systems. These practical experiences
have demonstrated the numerous advantages achieved through the formalisation of
the informal sector (Mumbai, India; Manila, Philippines, Londrina and Diadema, Brazil;
Bogota, Colombia; Cañete, Peru; among others). Among these benefits are increasing
waste collection and recycling rates, poverty alleviation, reduction of health problems,
job creation, women’s empowerment, cost savings for the formal sector, waste valorization, and reductions in child labour and discrimination (6).
Methods of formalization are mainly based on encouraging collection and valorization
activities. They aim at the recognition of informal waste workers as important stakeholders and to embrace the environmental, social and economic benefits of informal
recycling activities. Many methods of formalization organize informal waste workers
into more structured groups. Local authorities support formalization through recyclers’
associations, micro- and small recycling enterprises and community-based organizations (1, 21). Often the cooperation scheme is based on the creation of public–private
partnerships between the municipality and micro- and small recycling enterprises, collection and recycling contracts with recyclers’ associations, etc. (20, 22).
Some common actions and measures are recommended to enable successful formalization, for example, favourable policies and regulations enabling the informal sector
to participate in the formal waste-management system. Further recommendations are
acknowledgement and acceptance by authorities of the benefits of the informal sector,
political and legal recognition, stakeholder communication and collaboration in the
waste-management system, and diverse technical and operational measures (access to
adequate infrastructure, technical assistance, improvements to the quality of recycled
54
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materials). Aligned with that, some Brazilian cities (Diadema and Sao Paulo) have successfully implemented a more comprehensive integration approach, with more participatory elements implying ‘solid waste recovery, reuse and recycling practices with
organized and empowered recycling cooperatives supported with public policies, embedded in a solidarity economy, targeting social equity and environmental sustainability’. This approach aims to implement public waste-management policies giving consideration to the environmental, social, and economic aspects. Livelihoods, income
generation, human development and environmental protection are core aspects of
this approach, which is based on achieving collective goals in the direction of common
economic development (solidary economy), the formulation of democratic waste-management policies and participatory management (23).
Table 2 presents an overview of some of the key characteristics of integrated waste
management, including formalization or integration of the informal sector, to be considered when looking at approaches or technologies for the waste sector.
Table 2. Overview of integrated waste management with formalization/integration of the informal sector

Scope of technology/
approach

Holistic approach to managing solid waste, considering material and energy flow
optimization (waste hierarchy), socioeconomic context and interlinks, roles, and
synergies among stakeholders.

Reasons for choosing this
option

• Integrated waste management is a systemic framework focused on resource
efficiency within the waste management system, in connection with other local
value chains.
• It works under strong consideration of the local socioeconomic context.
• In conjunction with national policies, Integrated Waste Management can help to
reach national waste management targets, but it is also related to sustainability
(e.g. job creation, better working conditions, elimination of child labour, better
education, gender equality).
• Integrated waste management aims at achieving cooperation among all the
stakeholders involved, creating economic and sustainability and at the same time
reducing the environmental impacts.

Trade-offs

None

Barriers

• Absence of clear waste management policies and legal framework
• Unclear roles and responsibilities of stakeholders
• "Rejection" policies from municipal solid waste authorities and other
stakeholders towards informal waste workers
• Lack of environmental and social awareness of individuals especially regarding to
their own responsibility as waste generators
• In absence of formalization: competition with the informal sector for access to
waste materials
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Table 2. Overview of integrated waste management with formalization/integration of the informal sector

Enablers

• Clear national mandate with a focus on resource efficiency and sustainability
goals.
• National support for cooperation among stakeholders.
• Legal framework supporting the participation of the private sector (including
formalized and organized waste workers) as waste management serviceproviders.
• Creation of financing mechanisms and business incentives for small enterprises
as well.

Source: Own elaboration. Sandra Aparcana (UNEP DTU Partnership, Copenhagen, Denmark)

4.2.2. Waste recycling
As mentioned in previous sections, sustainable municipal solid waste management
strategies have the so-called “waste hierarchy” as their cornerstone. An important step
facilitating the effective implementation of recycling is the introduction of waste-collection schemes that allow waste generators to separate and sort different waste fractions at source. Such schemes should be designed in accordance with the local context
and conditions, for example, policies and legal framework, waste composition, waste
amounts, local geography, urban distribution, population, education and environmental awareness, access roads, waste collection logistics and resources, presence of an
informal waste sector, and also the treatment for each type of waste material, including
the recycling market and the use of materials after their recovery.
Urban cities in developed and developing countries have different socioeconomic conditions, stakeholders, waste management regulations and policies. Waste separation
at the source and collection systems can follow very detailed sorting levels, e.g. sorting
of different coloured glass, type of plastics, bio-wastes and other kitchen waste, as in
Germany and Austria – or it could also be designed in a simpler way. An example of
this is the city of Mumbai, India, where residents separate their waste into wet and dry,
corresponding to biodegradable and recyclable materials. Formalized waste workers
collect the waste and proceed to treat the biodegradable fraction into compost and to
sell the recyclable material (24). As in this example, waste separation and collection systems can be implemented with the support of organized waste workers’ associations.
As mentioned in previous chapters, informal waste workers can support municipalities
in implementing and operating separate waste-collection and recycling systems as part
of a formalization programme. For example, they can formalize informal waste workers
by hiring them as workers in the sorting section of the manual sorting plant. Informal
waste workers can identify high-quality recyclable materials more quickly and more
efficiently compared with less experienced workers.
The configuration of waste separation and collection systems will influence the design
and purpose of recycling facilities enormously. The layout and equipment of the recycling plant will reflect the kind of waste materials that are to be handled (e.g. sourced
separated by various waste materials or only a few, or no waste separated at the source),
waste input and output amounts and the expected quality of the outputs. In addition to
material-related operational criteria, other criteria will also play a role when deciding
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the kind and degree of technology of a recycling plant. We are referring to the socioeconomic and financial aspects, such as the availability of a municipal waste management budget, access to financial mechanisms, the presence of an informal waste sector,
and other socioeconomic and environmental issues that should be addressed, e.g. job
creation, environmental regulations, recycling targets, local recycling value chains, integration of informal workers, etc. Additionally, it will depend on cash flow, the costs
structure of the recycling plant (operational expenditure versus capital expenditure
over a longer period), returns on investment and other economic aspects. For example,
if the informal waste sector has a strong presence, the municipal budget for waste management is low and there is a need for local job creation and strengthening local added
value for recycling, a manual recycling plant could be a more suitable option.
There are always trade-offs when choosing the level of automation. Fully automated
recycling plants are frequently more expensive in terms of the initial investment, but in
contrast the operating costs can be less onerous because a smaller workforce is needed
compared with manual recycling plants. In addition, automated recycling plants have
higher sorting efficiencies. Table 3 shows referential sorting rates for manual and automated recycling plants, highlighting the efficiencies of different plants, while Table 4
presents an overview of waste-recycling characteristics to be considered, also going a
little further into some of the trade-offs.
Table 3. Manual and automated sorting efficiencies according to type of material

Materials

Manual (percent (%) recovery
efficiency)

Automated
(percent (%) recovery efficiency)

Newspaper and corrugated

60% - 95 %

80% / 90%

Mixed glass

70 - 95%

–

Glass – selection by colour

80 - 95%

>95%

Plastic

80 - 95%

99% (PVC); >90% others

Aluminium

80 - 95%

–

Source: Dubanowitz, 2000
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Table 4. Overview of waste recycling

Scope of technology/
approach

Sorting and further mechanical treatment of recyclable materials from non-hazardous
municipal solid waste; waste valorization

Reasons for choosing
this option

Manual:
• The best option for a city with an active recycling market and an informal waste sector.
This complements integrated waste management with formalization approaches
• Potentially unexpansive technology, accessible for cities with modest waste
management budgets
• Simple technology (for manual sorting plants)
• Positive social impacts (job creation)
Automated:
• Best option for cities with high amounts of recyclable materials
• For cities with almost no informal waste sector
• Needs strong market demand for recyclable materials and stable market (amounts
and prices)
• For cities with high waste management budget

Trade-offs

Manual:
• low investment but high operational costs
• Relative fast payback period (less than five years)
• Easy technology, but lower sorting efficiency
Automated:
• High investment but low operating costs
• Payback period can be long (frequently seven to ten years)
• Expensive technology, but higher sorting efficiency

Barriers

• Lack of separation at the source systems makes it more difficult to obtain good-quality
recyclables
• If not integrated into the municipal solid waste management system, the informal
waste sector can extract valuable materials even before they reach the recycling plant,
making it unfeasible technically and economically, and also creating competition
• Weak local recycling market (low prices, low demand)
• Lack of policies and legal framework supporting recycling

Enablers

• Waste management policies and legal framework with goals and quantitative targets
for recycling, composting, anaerobic digestion, mechanical biological treatment
energy from waste (also for reducing the environmental impacts from waste, such as
climate change)
• National policies allowing the private sector to invest in waste management and to
access waste materials (including formalized and organized waste workers)
• Creation of economic and financial support programmes for private investors, e.g.
investment funds, low interest rates, tax exemptions for waste management to
technologies, corporative taxes reduction, etc.
• Long-term agreements with municipalities for allowing access to the waste (for private
investors)
• Involvement of formalized waste workers as waste management service providers,
especially for waste collection.
• Creation of quality standards for products (fertilizers, refuse derived fuel)

Source: Own elaboration. Sandra Aparcana (UNEP DTU Partnership, Copenhagen, Denmark)
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4.2.3. Composting
Composting is a controlled aerobic biodegradation process for treating organic waste,
the aim being to avoid methane emissions linked to the unappropriated disposal of untreated organic matter. Composted inputs are typically food waste, agricultural waste,
and the organic fraction of industrial and municipal wastes. Usually the end product is
a very nutrient-rich organic fertilizer, which can be used instead of chemical fertilizers.
Using compost as a fertilizer has a number of benefits: it reduce soil erosion, improves
soil structure, facilitating water and air transport in the soil, and stabilizes pH, among
other benefits. Composting is one of the most frequently applied technologies in treating organic waste in developing countries. It is an economically accessible option that
at the same time generates aggregated value to organic waste. (6).
High-quality compost is produced from high-quality biodegradable input. In this sense,
composting plants in developed countries work in conjunction with “waste separation
at source” programmes. Waste generators are expected to sort “good quality clean” biodegradable waste (e.g. coffee and tea grounds, fruits peel, uncooked vegetables) from
others that might be difficult to compost due to the longer composting time needed
(mixed kitchen waste containing animal bones, food wrappings, etc.). In this way, biodegradable waste can be sorted in order to improve the balance of nutrients in the resulting compost and to reduce contamination with chemicals, plastics and other materials.
In addition to an appropriate input, composting depends on diverse operational parameters that should be kept in order to obtain a high-quality compost:
•

Moisture content of the compost mixture (above 40 percent). Since food waste contains around 70 percent to 80 percent of moisture, it is necessary to add sawdust,
rice husks or similar substances to reduce the moisture content. Moisture of between 50 percent and 60 percent has been reported to maximize respiratory activity
in the composting process (26).

•

Temperature: 55 – 70°C, depending on the material input to be composted and the
homogeneity of the particle size.

Table 5 provides an overview of some of the key aspects of composting to be considered when using or considering it as a waste0management technology.
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Table 5. Overview of composting

Scope of technology/
approach

• Treatment and valorization of biodegradable waste

Reasons for choosing this
option

• Low cost and simple technology

• Production of organic high-quality fertilizer
• Low investment costs. Depends on the setting, low operating costs
• Versatile technology (adaptability)
• Very widespread in developing countries
• Possible to implement centralized and decentralized
• Best option if there is an active fertilizer market locally (high local demand)

Trade-offs

• Low investment
• Typically higher operational cost
• Lower mitigation potential (only through diverting biodegradable waste from
landfilling or dumping and replacement of fossil fuel based fertilizers)

Barriers

• Needs waste separation at source
• Needs quality standards for the final fertilizer
• Needs a stable market
• Needs clear policies and regulations allowing composting from municipal solid
waste to be commercialized as compost for agriculture

Enablers

• Waste management policies and legal framework with goals and quantitative
targets for recycling, composting, anaerobic digestion, mechanical biological
treatment energy from waste (also for reducing environmental impacts from
waste, such as climate change)
• National policies allowing the private sector to invest in waste management and
to access waste materials (including formalized and organized waste workers)
• Creation of economic and financial support programmes for private investors, e.g.
investment funds, low interest rates, taxes exemptions for waste management to
technologies, corporate taxes reduction, etc.
• Long-term agreements with municipalities for allowing access to the waste (for
private investors)
• Involvement of formalized waste workers as waste management service
providers, especially for waste collection
• Creation of quality standards for products (fertilizers, refuse-derived fuel)

Source: Own elaboration. Sandra Aparcana (UNEP DTU Partnership, Copenhagen, Denmark)
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4.2.4. Anaerobic digestion
Anaerobic digestion is the decomposition of organic matter through microorganisms in
the absence of free oxygen. Anaerobic digestion occurs naturally under circumstances
of oxygen deprivation, but the process can be replicated under controlled conditions to
produce biogas to generate energy. The fermentation thereby controlled happens in a
reactor called a biodigester, which provides stable and better conditions (temperature,
pH, organic matter, etc.) for the microorganisms. The main outputs of the biodigestion
are biogas and solid and liquid digestate. Methane is the source of the energy content
in the biogas, its content usually ranging between 50 percent and 75 percent, depending on the input of waste and the operating conditions. The heating value of biogas is
about two thirds that of natural gas (5.5 to 7.5 kWh/m3) (17). Biogas has a number of
uses. Usually, small-scale biogas plants in developing countries convert it into heat and
use this energy for cooking, heating, drying of grains, etc. However, plants with more
complex technologies can generate electricity and heat through cogeneration (6).
In developed countries, the organic fraction of municipal waste is treated in high-tech
biogas plants. The input is source-separated in order to avoid contamination of the digestate. Large-scale biogas plants in developed countries frequently produce electricity
to be sold and distributed for consumption in the national electricity grid. The heat produced during the cogeneration may be used for household heating or industrial heating. Biogas can also be cleaned and used in transport, for motor cars, gas networks, etc.
Depending on the waste input, the process flow and the main process parameters, anaerobic digestion can be categorized as:
– Psychrophilic (< 25°C), mesophilic (35-48°C) or thermophilic (> 50°C). The last is recommended when there is a risk of pathogens being produced.
– Wet fermentation or dry fermentation: waste with more than 30-40 percent dry matter (dry anaerobic digestion), waste with less than 12-15 percent dry matter (wet
anaerobic digestion).
– Batch or continuous feeding: continuous feeding is common in processing liquid
feedstock, such as catering waste, wastewater or industrial sludge from food-processing. Batch-feeding and batch digesters are common for solid waste input. Because most waste processed is solid waste, this is also called dry fermentation.
– One-stage and multi-stage digestion: defining the use of one or more digesters to
optimize separate anaerobic digestion stages, e.g. separating the hydrolysis and acidosis from the methane-formatting phase (27).
The dry fermentation process is mostly used to treat waste inputs that are not suitable
for pumping and that have a significant content of impurities that can be harmful to
the stirrers and pumps in a wet fermenter. Furthermore, dry fermentation has a lower
energy consumption. As a result, dry fermentation is widely used to process the organic
fraction of municipal solid waste in Europe. In dry fermentation the feedstock is inoculated with digestate before each feeding cycle, and the percolate is run in circuit. The
inoculum contains methanogenous bacteria, which supports the conversion of organic
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Figure 3. Dry fermentation process.
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Source: Qian et al., 2016

Table 6. Advantages and disadvantages of wet vs. dry fermentation

Dry fermentation
Dry d.m. > 40 percent

Wet fermentation
Wet d.m. < 15 percent

Advantages

No need for internal mixing equipment
in the reactor; strength and resistance to
heavy aggregates and plastics; low loss
of biodegradable organic matter in the
pre-treatment; high organic loading rates;
resistance to substrate concentration
peaks and toxic substances; minimum and
cheaper pre-treatments, reduced volume
of reactors, reduced use of fresh water;
minimum required heating for the reactor.

Developed technology; applicability
in co-digestion with liquid waste with
high organic matter content; reduced
costs for pumping, mixing and pumping
worldwide in the whole market: dilution of
concentration of toxic substances.

Disadvantages

Less opportunity to dilute inhibitory
substances and organic loads with
excessive fresh water; high investment
costs due to the equipment used for the
treatment.

Separate phases of floating and heavy
matter; abrasion of the mechanical parts
due to the presence of sand and aggregate;
pre-treatment of waste complex and
expensive; strong sensitivity to any shocks
to the presence of inhibitory substances
and organic load variables; lost or organic
volatile substance during pre-treatment;
high investment due to equipment for the
pre-treatment and for the volume of the
digesters.

Source: IGWSRL (no date)
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acids into methane, mainly in the digester (see Figure 3). Table 6 compares the advantages and disadvantages of wet and dry fermentation.
While biogas is frequently used to generate electricity and heat in a combined heat and
power generator, the digestate can be used as fertilizer provided the waste inputs consist of source-separated, non-contaminated biodegradable waste. The solid fraction of
the digestate can be dried to be used as compost, and the liquid fraction can be used
as a growth stimulant for plants due to the presence of micronutrients and phytohormones. Tables 7, 8 and 9 below show some of the average indicators for biogas yields
for different organic waste inputs, efficiency ratings for electricity and heat conversion
by type of generator, the average electricity and heat consumption of biogas plants,
and some of the general characteristics of anaerobic digestion as a waste-management
technology.

4.2.5. Mechanical Biological Treatment
Mechanical biological treatment usually involves a first treatment phase, corresponding to the separation and sorting of recyclable materials (recycling plant), and a second
Table 7. Biogas and energy production for biodegradable municipal solid waste

Biodegradable
waste type
Municipal solid waste
organic fractionb
Kitchen and garden
wastec
Municipal solid waste
organic fraction freshd
Kitchen wastee
a

Biogas yield
(m3/ton fresh)

Percent Methane

Methane yield
(m3/ton fresh)

107

64

85

–

–

40 - 100

Energy content
(kWh/m3
methane)a

9,97
106

–

–

80 - 120

58 - 65

–

Wirtschaftlichkeitsrechner Biogas KTBL, 2018. b GIZ, 2014. c GIZ, 2017. d Al Hamamre et al., 2017. e Austrian Umweltministerium, 2011.
Table 8. Energy conversion efficiency co-generation

Generator unit type

a
e

Gas Otto engine

Diesel engine

Electrical efficiency

34 - 42a
38%b

30–44 %
41.5%b

Thermal efficiency

47%b

42.5%b

Biogas plant own electricity consumption

7.6% c
8.1%d

Biogas plant own heat consumption

28%e

FNR, 2016. b KBTL, 2018. c Wirtschaftlichkeitsrechner Biogas online tool, 2018. d Solarenergieforderverein Bayern, 2006.
Wirtschaftlichkeitsrechner Biogas online tool, 2018.
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Table 9. Overview of anaerobic digestion

Scope of technology/
approach

• Treatment and valorization of biodegradable waste
• Energy generation (electricity and/or heat)
• Production of organic high-quality fertilizer

Reasons for choosing this
option

• Best option for cities with high biodegradable waste fractions and high waste
flows
• Anaerobic digestion is the best option for cities collecting "good quality"
biodegradable waste separately from other waste streams. That would ensure
high-energy production and high-quality fertilizer
• High investment costs but lower operating costs
• Generates up to three different valuable outputs (electricity, heat and refusederived fuel made from non-recyclable dry residual waste)

Trade-offs

• High investment
• Low operating costs, but also low potential for job creation (workforce)
• Payback period can be long (frequently seven to ten years)
• More complex technology and market conditions, but it allows the economic risk
to be distributed by diversifying cash flows
• Higher mitigation potential (by diverting waste from landfilling, replacing fossil
fuels for energy generation and replacing fossil fuel-based fertilizers)

Barriers

• Needs waste separation at the source
• Needs quality standards for the final fertilizer
• Needs a stable market for fertilizers and energy (e.g. national grid or private
consumers)
• Needs clear policies and a legal framework allowing and supporting energy
generation and commercialization from waste (e.g. feed in tariffs, tax reductions,
etc.)

Enablers

• Waste management policies and legal framework with goals and quantitative
targets for recycling, composting, anaerobic digestion, mechanical biological
treatment energy from waste (also for reducing environmental impacts from
waste, such as climate change)
• National policies allowing the private sector to invest in waste management and
to access waste materials (including formalized and organized waste workers)
• Creation of economic and financial support programmes for private investors, e.g.
investment funds, low interest rates, tax exemptions for waste management to
technologies, corporate tax reductions, etc.
• Long-term agreements with municipalities allowing access to the waste (for
private investors)
• Involvement of formalized waste workers as waste management serviceproviders, especially for waste collection
• Creation of quality standards for products (fertilizers, refuse-derived fuel)

Source: Own elaboration. Sandra Aparcana (UNEP DTU Partnership, Copenhagen, Denmark)
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one, which could be anaerobic digestion, involving composting for the biodegradable
fraction. Dry recyclable materials are sold for reutilization and the stabilized final compost-like material is landfilled or dried for its use as an alternative fuel (refuse-derived
fuel or refuse-derived fuel) in incinerators or in industrial furnaces, such as cement kilns.
Additionally, dry non-recyclable materials with a high calorific value (e.g. low-quality
recyclables) may be also destined for energy generation as refuse-derived fuel. Due to
the high construction and operating costs, mechanical biological treatment plants are
mostly found in developed countries (Europe, United Kingdom and Australia) (16).
The term “refuse-derived fuel” is used to define any material that can be co-combusted and used as a secondary fuel in incineration and/or industry plants. As industrial
solid waste is typically more homogeneous in its physical and chemical characteristics,
industrial non-hazardous waste is frequently used as secondary/substitute fuel, e.g.
waste tyres, waste oils, spent solvents, bonemeal, animal fats, sewage sludge and industrial sludge. Also homogeneous residues from industries such as plastics, textiles or
the biomass industries can be used as an alternative fuel. In the context of municipal
solid waste, the term “refuse-derived fuel” is used to indicate a secondary fuel derived
from mixed waste fractions, different coarser grain sizes and variable physicochemical
characteristics. Owing to mechanical biological treatment being able to use a combination of treatment processes and to produce different refuse-derived fuels, we will now
present some of the different options:
•

Mechanical biological treatment with anaerobic digestion: This process is ideal
for generating renewable energy (e.g. electricity) for sale and distribution through
the national electricity grid. Then anaerobic digestion as part of a mechanical biological treatment would represent an optimal option for waste treatment with energy recovery in a country with a favourable regulatory framework and technical
conditions in place. Regarding refuse-derived fuel production, after the biodigestion, the organic fraction is dried through a composting-like process, leaving a dry,
stabilized, highly mineralized organic material. This material also contains some
non-recyclable dry waste, which is finally separated and used as refuse-derived fuel.
Figure 2 shows the process flow of a mechanical biological treatment with Anaerobic digestion.

•

Mechanical biological treatment with aerobic stabilisation: The key target of
this option is mainly to treat mechanical biological treatment for further disposal,
without economic dependence on other markets such us energy or refuse-derived
fuel. Here, the organic fraction is stabilized, reducing the amount of biodegradable
municipal waste going to landfill. Typically, the biological treatment is combined
with mechanical processing to separate the refuse-derived fuel products from the
waste prior to or after the biological treatment. When the refuse-derived fuel fraction is separated first, the material left after separation of the refuse-derived fuel is
enriched with easily degradable components like kitchen waste and dirty paper, like
tissues, which are not suitable for recycling. This material is then treated through an
aerobic process (composting). This process uses some of the energy and material
in the organic matter, thus generating carbon dioxide and heat. After the biological
Climate technologies in an urban context
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Figure 4. Mechanical biological
treatment with anaerobic digestion

Input
100%
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Figure 6. Mechanical biological
treatment with biological drying
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hydrolysis, the waste is stabilized and ready for landfill. Further possible treatment
would be a post-refinement stage, where more RDF can be separated from the stabilized compost-like material. Adding this stage depends mostly on economic feasibility more than technical issues. Figure 3 presents an example of this process, with
waste streams.
Mechanical biological treatment with biological drying: this combination seeks
to make use of the energy content of the waste to produce a high-quality refuse-derived fuel, which can be burnt in industrial plant like cement kilns at a lower price
than in a combustion facility or mass burn incineration. This “compost-like” process
aims to remove the water content from the organic waste fraction by modifying the
process and control parameters, thus enabling easier mechanical treatment subsequently. Müller and Bockreis (36) explain a typical mechanical biological treatment
process with biological drying as follows: “The waste is shredded and placed in enclosed bio-drying boxes, where air is forced through the waste creating optimum
conditions for microbiological activity, which will produce the heat for removing
moisture from the waste (drying). The biological drying process is stopped at 15 percent to 20 percent water content, however, further drying can be performed by passing pre-heated air (produced with heat exchangers). With the drying of the waste the
calorific value of the material is increased”.

•

It is important to stress that the mass flows, efficiency of mass conversion, parameters
and quality of the final refuse-derived fuel will depend strongly on the composition of
the mechanical biological treatment, the input of the mechanical biological treatment
plant. The values mentioned in Figures 4, 5 and 6 indicate a reference to what the conversion rates could be. Table 10 below presents an overview of some of the general
characteristics of mechanical biological treatment when considering it as a waste-management technology.
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Water,
Carbon dioxid
(20 to 30%)
RDF (40 to 50%)
Metals (2 to 4%)
Recycables?

Table 10. Overview of mechanical biological treatment

Scope of technology/
approach

• Combined process: sorting and mechanical treatment of recyclable materials
• Energy and fertilizer production
• Production of refuse-derived fuel as a secondary fuel

Reasons for choosing this
option

• This is the best option for cities generating high waste amounts, but with a nonexistent or incipient separation at the source system (collection of mixed waste)
• Mechanical biological treatment maximizes material and energy recovery through
refuse-derived fuel production, even after the biological treatment
• Higher mitigation potential through the use of refuse-derived fuel as an
alternative fuel in other industries
• Best option for cities with high waste management budget (high investment
costs)
• Low operating costs

Trade-offs

• Due to higher investment, needs larger amounts of waste to be treated and
therefore is not suitable for small cities
• More energy consumption than other treatment options (more processes
involved)
• Greater potential to create more jobs (more complex layout that other treatment
options)
• Can work with mixed waste, but the quality of fertilizers is not appropriate for
agriculture or others; most likely to be disposed of in a landfill
• If the compost-like product is further used as refuse-derived fuel, the quality of
the waste input should be monitored to generate good-quality refuse-derived fuel

Barriers

• Needs waste separation at source
• Needs quality standards for the final refuse-derived fuel
• Needs a stable market for refuse-derived fuel
• Needs clear policies and a legal framework allowing the use of refuse-derived fuel
from waste as alternative fuel
• Needs cooperation with other industries (e.g. cement) to achieve attractive and
stable market conditions

Enablers

• Waste management policies and legal framework with goals and quantitative
targets for recycling, composting, anaerobic digestion, mechanical biological
treatment energy from waste (also for reducing environmental impacts from
waste, such as climate change)
• National policies allowing the private sector to invest in waste management and
to access waste materials (including formalized and organized waste workers)
• Creation of economic and financial support programmes for private investors, e.g.
investment funds, low interest rates, tax exemptions for waste management to
technologies, corporate tax reductions, etc.
• Long-term agreements with municipalities for allowing access to the waste (for
private investors)
• Involvement of formalized waste workers as waste management serviceproviders, especially for waste collection
• Creation of quality standards for products (fertilizers, refuse-derived fuel)

Source: Own elaboration. Sandra Aparcana (UNEP DTU Partnership, Copenhagen, Denmark)
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4.3. Key policy-related issues
Typically, municipal solid waste management systems are institutionally structured
on three main levels that play different but equally important roles involving national, regional and local governments. While national government responsibilities often
cover general policy or strategic decisions and the establishment of institutional and
legal frameworks, regional and municipal governments are frequently in charge of their
actual implementation. Regional administrations might be in charge of finances and
may also be involved with the protection of regional environmental health and environmental management, or supporting municipalities through the implementation of
waste-management plants. They are more likely to be involved in managing regional
disposal sites, especially where regional disposal facilities are used by several towns
and cities. The third governance level are the municipalities, which are typically in
charge of organizing, providing and regulating municipal solid waste management services (sweeping, collection, transport, etc.), as well as implementing municipal solid
waste management plans. Regarding the provision of services, cooperation with the
private sector is increasing. Normally, in such cases, it is the local authorities that remain responsible for regulating and controlling the private sectors’ activities.
Even though municipal solid waste management systems typically follow the structure
described above, there is no doubt that they can be very different from one city to another, mainly due to their socio-economic and legal contexts. However, cities in developing countries share some common aspects or tendencies regarding their waste management problems in terms of efficiency, inappropriate waste management disposal
practices, and the social, environmental and economic impacts.
These similarities allow common aspects to be identified that can be considered “key
overarching enablers” for achieving sustainable municipal solid waste management
systems. They could therefore be included in any waste management policy, plan or
strategy:
1. Establishment of waste management policies and a legal framework (also related
to waste management) with clear and measurable goals and targets, also promoting the reduction or prohibition of landfilling untreated waste. A measure like this
would redirect waste materials to different treatment options. waste management
targets should be measurable and legally enforced. To support their achievement
and ongoing improvement, it is important to lay down legal and regulatory enforcement mechanisms. Targets should be binding, involving all relevant actors in the
waste value chain, and, if possible, meeting targets should be sanctionable according to the country’s regulations.
Following that, waste management policies should incorporate the “waste hierarchy” as the key principle of all waste-management regulation and policies and
others related to resource efficiency. Establishing a waste management hierarchy
makes it clearer to authorities and other relevant stakeholders what the path is to
higher levels of resource efficiency. A starting point could be to introduce policies to
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favour waste treatment and recycling. After that, waste management policies should
rise higher in the waste hierarchy, towards waste prevention and upstream waste
repurposing.
2. Establishing a “healthy” municipal solid waste management cost structure and budget. Frequently, waste management service fees are defined on the basis of waste
generation per capita, censuses, land registries and others, and not based on the
actual waste amounts generated by consumers, nor the actual waste management
costs. waste management costs tend to be under-estimated, making waste services
fees are lower than the costs they should cover. In addition, municipalities do not
have a functioning waste-collection scheme, and there is often great mistrust on the
part of the local population and a strong unwillingness to pay waste management
fees. This situation could be improved by estimating the actual waste management
costs and establishing of appropriate municipal solid waste management revenue
streams, as well as through adjusted waste collection and disposal fees for waste
service users. This should be combined with more effective ways to collect waste
management fees, such as by including them in other basic services (e.g. electricity,
water) and by gradually improving waste management services to increase willingness to pay.
Another example of measures to reduce waste management costs for the municipalities could be to allocate waste-management costs to waste generators (the “polluter pays principle3”) in accordance with the amount of mixed waste that is generated.
Applying this might successfully encourage users to separate their waste and even
modify their consumption patterns towards a more efficient use of resources.
3. Appropriate formalization or integration of the informal waste sector. Policies and
legal changes allowing the formalization of the informal sector are a key aspect, especially focusing on their economic and social empowerment, which would allow
their successful integration into the formal waste management system (see section
2). Policies, legal frameworks and formalization strategies should start by considering the informal waste sector as a key stakeholder when it comes to achieving the
waste management targets. Some experience with formalization experience has
shown the readiness of informal waste workers to be formalized as long as this happens in a participatory way that fulfils their expectations and needs regarding their
working conditions, income, flexibility and empowerment, among other issues (1).

3
The principle that those causing
pollution should meet the costs to
which it gives rise (36).

4. Incentives for the private sector to invest in waste management include establishing
legal, economic and fiscal incentives, as well as companies to invest in waste management services and to participate as waste management operators. Among the incentives that could be considered are value added tax exemptions, reductions in corporate taxes, attractive conditions for concessions of waste management services,
guaranteeing long-term access to waste materials, tax exemptions for technology
imports, access to renewable energy prices, and business models-based extended
producer responsibility schemes in cooperation with municipal waste-management
systems.
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