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Chapter 1. What is this Document

1.1 Overview

This document is an invitation to identify and understand the role that composting can play in integrated waste management
systems. It is one of a series of decision-makers’ guides to various aspects of waste management in Southern (‘developing’) and
Eastern European (‘transitional’) countries. It has been written to synthesise the experiences of the Urban Waste Expertise
Programme ‘UWEP’ and to make them available to political and technical decision-makers. It is primarily designed for decision-
makers in local authorities, municipal governments, and regional or provincial authorities, but it may also be useful for private
entrepreneurs, community groups, local experts and agriculturists.

The structure of this document is designed to allow for selective reading: you can skip the sections that do not apply to your
situation and go directly to the ones that interest you.

Chapter 1 is an introduction to the document, and provides an overview. Then it outlines how composting can be useful for the
municipal manager. The third section places composting in the context of Integrated Sustainable Waste Management, the
framework concept that has been developed out of the UWEP experience.

Chapter 2 is a general introduction to composting, and defines some key concepts and terms.

Chapter 3 explains the basic choices, or parameters, which should be taken into account when deciding to begin a composting
project. These choices include technology, materials, marketing strategy, and the like. Our focus on cities in the poorer countries
leads us to focus the rest of the document on the simpler, more reliable low-cost and low-technology approaches, leaving aside
enclosed systems since they are most of the time inappropriate from a resource availability and sustainable perspectives, they
require training, expertise and operation and maintenance costs, which are real limiting factors. This chapter is illustrated with
examples and lessons that illustrate the key points for making the decision.

Chapter 4 presents the basic operational steps in composting, explaining what happens in each step, and providing information on
what is involved in the process. If you do not know very much about composting, you might want to read this chapter before you
read Chapter 3. This chapter is not sufficient to actually guide you to operate a composting facility, but it will give you an idea of
what such a facility has to include.

Chapter 5 examines the economic and marketing aspects of composting in the context of municipal waste management, analysing
to what is paid for and how. The marketing strategy is based on product, price and promotion. These aspects are key factors in
determining the sustainability of a composting enterprise, since without a market — or a use that substitutes for a market —
composting just becomes an expensive form of landfilling.

1.2 Composting for municipal managers

This document is addressed to the municipal manager who:

« Believes that composting has a role in his or her waste management system, but is not sure what that role is or how to go about
managing it.

* Is looking for first hand basic knowledge on composting approaches in use in the South.

* Would like a basic overview of key points on the technical, economical and marketing components of composting.

* Is not necessarily planning to construct and operate a city-owned composting plant, but who is willing to support (and would like
better to understand) composting initiatives by other stakeholders (non-governmental organisations — NGOs -, micro and small
enterprises — MSEs — and community based organisations — CBOs -) and use of compost in other municipal bodies, such as
horticultural departments, parks and gardens.

+ Is willing to improve health, both human and environmental.

 Is actively involved in composting and wants to improve and optimise his or her current practice, based on low-cost composting
technologies.

The Organic Waste Flow in Integrated Sustainable Waste Management



Santa Maria Municipality , the Philippines
The municipality of Santa Maria teamed with an entrepreneur and signed a memorandum of agreement for the operation of a
composting plant. The town approved the use of 2000 square metres of public land for the plant within the 2.5 hectares

municipal landfill. It allocated a budget for equipment and building expenses while the enterprise is responsible for the other
duties.

Composting in Yemen
In Dhamar city, Yemen, a private contractor has shown interest in buying and marketing the compost and adapting the

composting process and therefore established a clear relationship and a contract with the municipality to have direct access to
the land of the composting plant and to the waste.

1.3 What is Integrated Sustainable Waste Management (ISWM)?

Integrated Sustainable Waste Management (ISWM) is the leading concept of the Urban Waste Expertise Programme (UWEP).
Integrated Sustainable Waste Management is a concept that has been articulated and refined in the Urban Waste Expertise
(UWEP) Programme; it is the result of working more than 15 years on waste issues in Southern countries, and coming to
understand that it is not the technical issues, but the other aspects of waste management, which are most likely to influence the
success or failure of interventions. ISWM addresses the management of the solid waste stream as a set of resources rather then
waste, thus ISWM considers the waste stream not as a homogeneous mass but as a set of individual materials that can be handled
in different and appropriate ways to maximise recovery and minimise disposal.

Stakeholders

Local authorities
* NGOs/CBOs

* Service users

« Private informal sector
» Private formal sector
Donor agencies

Waste System Elements

Collection

Generation & separation

Transfer & transport Treatment & disposal

Process
time

Reduction Re-use Recycling Recovery

Aungeureysng

Aspects

Technical
¢ Environmental
 Financial/Economic
* Socio-cultural

* Institutional
Policy/Legal/Political

Figure 1. Integrated Sustainable Waste Management
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WASTE has been developing ISWM for multiple purposes: (1) as an analytic framework for understanding waste management
systems; (2) as an assessment methodology for predicting feasibility and sustainability; (3) as a description of an urban
development process. Figure 1 illustrates the three dimensions, six aspects and eight waste system elements of ISWM.

This document focuses on the role of organic waste management, one approach to the waste element ‘processing and treatment’,
which is one of the eight waste system elements. The waste system element ‘recycling’ is also mentioned in Figure 1, since

composting is a form of recycling.

While there are recovery and recycling systems in place in most developing countries, the organic waste stream remains the largest
fragment, and the one that has the least chance of being recovered without an intervention.

The Organic Waste Flow in Integrated Sustainable Waste Management 9



10

The Organic Waste Flow in Integrated Sustainable Waste Management



Chapter 2. Composting in Municipal Waste Management

For purposes of this document, composting is defined as a method of waste management, in which organic waste materials
decompose in a controlled environment. Composting is a natural micro-biological process where bacteria break down complex
organic molecules and release water vapour and carbon dioxide resulting in organic materials and mineral nutrients to be used for
improving soils and aiding in the growth of plants.

The outcome of the active biological activity is a material or product called compost. Compost is a safe and/or ready for use on
native soils. It smells like earth. It is not a fertiliser, because the level of nutrients it contains, is rather low.

The high organic content in the municipal waste stream of developing countries is ideal for composting, but there is not enough
accurate, unbiased information available to municipal managers, who may be familiar with composting in agriculture, but do not see
it as a way to solve their urban waste problems.

Composting in waste management is different from agricultural composting because:

« It involves a greater variety of materials selected among the waste stream.

« It is a controlled process, designed to deliver finished compost in a shorter time.

« The mineral value of the compost is lower, making it a good soil conditioner but not a rich fertiliser.
« The rate of action of the micro-organisms is controlled by regular turning or aeration.

2.1 Compost and the municipal manager

Composting is interesting to the municipal waste manager because:

« Putrescible (decomposable) organic waste represents the largest fraction of the domestic waste stream in most cities in Eastern
Europe and the South.

« Recovery of organic materials through separation and composting decreases the amount of waste requiring final disposal, saving
landfill space and prolonging the life of existing landfills and dumps.

« Composting can accommodate and help to manage seasonal fluctuations in waste volume or composition, combining such
diverse waste streams as leaves, kitchen wastes; agricultural and crop residues; food processing wastes; and excreta sludge.

« Health hazards’ associated with untreated disposal of putrescible wastes decrease significantly under controlled conditions of
composting, where the heat of the bacterial action actually sterilises the materials; kills pathogens; and deactivates weed seeds
and fungal spores.

« Managed composting of organic waste under controlled conditions can redirect or manage materials that are the greatest sources
of nuisance and poIIution2 at landfill sites.

2.2 Benefits of compost use in agriculture, horticulture and open space management

The use of compost as a soil amendment (soil conditioner) in agriculture, horticulture, and open space management has the
following significant benefits:

« While its nutrient levels are low in comparison to chemical fertiliser, compost is a source of valuable mineral and organic
materials, including slow-release nitrogen.

Research has shown compost is most effectively used with crops when it is used in conjunction with fertiliser, because it provides

the ‘spurt’ requirements for the younger plants and the compost allows more of that fertiliser to remain in the soil matrix, rather
than being washed away, resulting in more efficient use of the fertiliser and less need for large quantity fertiliser additions.
Application of compost can improve the soil structure since compost mitigates compaction from high-use, maintaining the ability of
air and water infiltration to the root zones. It can therefore be applied to sports fields; municipal parks; green areas; cemeteries;

golf courses; central city plazas and plantings; municipal gardens and nurseries.

" Transmission of diarrhoea and dysentery by houseflies, breeding of mosquitoes and contamination through scavenging animals.
: Odours, water pollution, gas emission.
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» Due to compost, particle adhesion increases on a slope and the raindrop erosive force is mitigated by the absorbing power of a
high tilth soil. This makes it a good choice for erosion control on hillsides, in forested highlands, in mine and other land
reclamation, and for use as daily or final landfill cover.

» Compost can be used to re-establish soil where it has been completely loss, like for example mines, gravel pits and the like.

Blending of compost with agricultural chemicals can reduce the required levels of fertiliser, herbicide and fungicide.

» Compost lasts longer than other traditional fertilisers, usually 3 times longer; the nutrients are released over a period of three
to ten years, depending on the local conditions and the intensity of use, becoming a kind of ‘soil bank’.

» Compost improves the water holding capacity for soil prone to drought cycles and conversely the water infiltration and drainage
improvement in soils prone to rainy seasonality.

2.3 Overview of composting technologies
There are about 10 basic composting ‘technologies’, all of which are based on the biochemical activity of soil microbes and bacteria.

One basic distinction is between aerobic composting, which proceeds in the presence of oxygen, and anaerobic digestion, which is
based on the activities of bacteria which do not require oxygen. This document is limited to the discussion of aerobic composting.

12 The Organic Waste Flow in Integrated Sustainable Waste Management



Chapter 3. Options in the Selection of Composting
Technologies

This chapter presents the most basic options or parameters for choosing composting technologies, the materials to be composted,
the collection strategy and how it integrates with the waste management system, the type of compost to be produced, and the
manner in which it will be marketed. Each sub-section describes one set of choices. For example, if you already know what
materials you will use, you can skip that section.

This chapter is closely related to the material in Chapter 4. If you want to understand the steps in most composting processes, you
might want to read Chapter 4 before this one.

There are two fundamental types of composting techniques: open or windrow composting, which is done out of doors with simple
equipment and is a slower process, and enclosed system composting, where the composting is performed in a building, a tank, a
box, a container or a vessel. In-vessel systems are oriented towards less operators and direct contact with materials while enclosed
system may be utilised due to climatic conditions, need for visual impact mitigation or better control of the occurrence of off site
nuisance and health impacts in a tropical climate. They are able to deliver finished compost in a shorter period of time. Open
systems are simpler, less expensive, use less energy, but require more space and more time in order to produce finished compost.
They also require greater oversight management so as to avoid potential health, environmental or nuisance conditions.

3.1 The most fundamental ¢ hoice: open ver sus enc losed composting

Within aerobic composting, all technologies can be classified as belonging to two basic technical approaches:
» The open, or windrow composting approach, with active piles or passive aeration

» The enclosed or in-vessel composting method

The technical principles of each category are shown in the following figure.

Scheme of a windnow composting pani

Moy
rawnine loid et
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” 1 L (T g =, maluratie
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- =] i M T
wn beaul ing plalfirm
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Scheme of an im-vessel oomposting plan
magneic —\.\'. h.'rrllll:l aciivths
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i bl iy
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Figure 2. Schematic presentation of windr ow and in-vessel composting plants
Source: Le compost, Michel Mustin, 1987
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3.1.1 In-vessel or enc losed systems

In-vessel systems, such as drum or agitated bed technologies, or any technical system enclosed in a building, require complex
equipment. These systems are highly engineered, capital intensive and require day to day management due to the automated systems
and the design which has necessarily incorporated mitigation of potential worker health, environmental impact and nuisance
conditions. They also use substantial amounts of energy. On going operation and maintenance is critical and less forgiving than more
passive approaches and it requires access to specialised pieces of equipment that usually have to be manufactured and delivered at
a high price. The equipment may have been designed for specific climatic conditions and may not be universally applicable. They allow
for the use of less land and they produce compost in a shorter time than open systems. Automated in-vessel systems can not respond
always to the realities of socio-economic realities of different locations in the developing world (e.qg. limits of education, limits to existing
institutional infrastructure support, labour rich/capital poor economies). Their operating costs usually start at US $ 40 per ton, for the
least expensive variant; more expensive systems can cost up to $ 100 per ton.

3.1.2 Open or windr ow systems

Open composting processes are simpler, require less capital, and use less energy. They generally rely more on land and labour and
less on machinery. They use to require quite a lot of land, and produce compost in a longer period of time than enclosed systems.
In the labour-rich and capital-poor cities of Eastern Europe and the South (where enclosed systems have a rich history of failure)
they are usually more reliable and suitable to local needs and the capabilities of local authorities to sustain operations over a longer
period of time. The exception is when there is a shortage of available land, or in some cases when the materials to be composted
are dangerous and require intensive management. Operating costs range from US $ 5 to US $ 20, depending primarily on the
accessibility of the site and the frequency of turning. compares the main parameters governing this basic decision.

Parameter Open or windrow process Enclosed or in-vessel process
Capital cost (for the same flow of * Low to medium cost of equipment Medium to high depending on what we see as
materials) & infrastructure an enclosure
Technical applicability and  Multifunctional * Inflexible
durability (after training) « Extensive capacity * Simple to operate, difficult to maintain
« Easy to operate * Renew of equipment and machinery more
 Long life time frequently but not necessarily any less than
« Can accommodate many types of materials a mobile piece of equipment used for
in one system windrows
Equipment, personnel, energy « Use of equipment that municipalities have « Requires significant capital purchases
access to already « High capital to labour ratio usually results in
« High labour to capital ratio means continued few workers
or increased employment » Often energy intensive
Design requirements » High land requirement * Low land requirement
« Accommodate flexible volumes  Limited flexibility in volume
* More selectively in sites and initial design  Less constraints in selecting sites due to
due to possible on and off-site impacts built in controls for on and off site impacts
Environmental issues  Limited control of air and water discharge « Significant control of air and water discharge

Limited control of vectors and pest attraction | * Better vector attraction control

Source of ‘technology’ Necessary equipment is present in most Specialised equipment most often acquired
municipalities. from international companies.

Initiative and management Can be initiated and managed by Level of technology and equipment usually
municipalities, individuals, farmers, NGOs, demands the involvement of the municipality,
CBOs, civic organisations, MSEs or other the national government (as aid recipient or
formal or informal groups. bank guarantor) and international suppliers.

Cost of composting 5to 20 US $/ton 40 to 100 US $/ton

Commonest technologies  Active windrows « Agitated bed
« Aerated static piles * ‘Hot Box’

¢ Drum composter

Table 1. Comparison of open and in-vessel systems
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3.2 Feedstock choices

The second basic choice in composting is the choice of materials to compost. This can be a choice of waste streams to be
composted, and also of specific waste materials.

The choice of the organic materials to be composted depends first on the goal of composting. Where the goal is waste
management, the largest determinant is the available materials in the household waste stream, whic h are not alread y being
captured b y other reco very activities.

When there is a commercial interest in the compost product, this choice will include an assessment of the other available materials,
focusing on quality , quantity and accessibility

3.2.1 Domestic, institutional, industrial or commer cial materials

The origin of organic material is not only domestic. There are opportunities to compost waste from commercial activities or
industries: aquaculture, agriculture, horticulture, livestock and slaughterhouse, and food processing; forestry and forest products;
sugar, wine, brewery and alcohol production; and the oil industry.

The list of materials suitable for composting is almost endless because composting is a flexible process. Very wet material with little
structure like fish processing waste can be composted if managed properly by adding large amounts of other materials, special
handling and odour management.

3.2.2 Faecal matter in compost

Another basic choice is whether to include only domestic solid wastes, or to include faecal materials, septage, latrine and
wastewater treatment plant sludges, and the like. Inclusion of these materials introduces some complexities into the composting
process and raises the requirements for strict control, but it also gives composts of much higher nutrient value.

3.2.3 Different types of compost

Because there are different types of soils, crops, weather, location and farming methods, there is a need for different compost.
Nutrient values and physical characteristics define the quality: concentration in N, P, K and organic matter, particle size (coarse,
fine, and extra fine), stability and maturity. They are also other parameters such as sand content, salt content, presence of heavy
metals or additives that limit the wide ranging use of compost.

The main categories and their definitions belong to the following list:

* Raw compost, which is constituted by waste not decomposed or not disinfected, with foreign objects.

» Fresh compost or unstable compost, which is going through early stages of a biological degradation process or still going under
rapid decomposition and can tie up nitrogen from the soil.

« Stable compost with nutrients available for release into the soil.

» Special compost which is a compost with special requirement such as screening or ballistic separation, addition of mineral
substances.

Following are the physical qualities of two different types of compost:

Compost with very few impurities Compost with a lot of impurities
Organic content 70 to 75% 25 to 30%
Metal content 0% 0to 1%
Glass, stones 0to 2% Up to 40%
Plastics 1to 2% 5%
Impurities (>2mm) 3% 44%
Impurities (>5mm) 1to 2% Up to 20%

Table 2. Guidelines f or compost quality

The Organic Waste Flow in Integrated Sustainable Waste Management 15



3.3 Source of organic materials : from sou rce separation , co-collection or mi xed waste

The high organic content in the municipal solid waste stream is ideal for composting. However, the municipal waste stream contains
increasing quantities of glass, plastics, metals and hazardous materials, which make operations difficult and can contaminate the
finished compost.

The next key decision is whether the materials will be (1) sorted at the composting site, (2) sorted by the collectors during the
collection process or (3) separated at source, where the generators hold them apart for separate collection . Each of these
approaches has a range of consequences and implications for the type of compost produced and the manner in which it is handled.

3.3.1 Post-collection sorting at the sit  eWhen raw materials are wet, separating contaminants from the raw material at the
compost site (‘sorting’, or ‘post-collection separation’) is inefficient in the case of hazardous materials that can permeate an entire
batch (e.g. liquid form) since in most cases the contaminants have already affected the quality and purity of the compostable organic
fraction. However, for many heavy metals and contaminants, it is the composting environment and the associated activities of mixing
and size reduction that subsequent to tipping that causes many of the contamination problems of non source separated material.
Composts made from organic materials that are separated from mixed domestic waste after collection tend to contain a four to ten
times higher concentration of toxic contaminants than compost made from source separated organic. However, many of these can
be caught in initial screening before the active composting.

3.3.2 Sorting during collection

This approach makes the collection workers responsible for sorting the materials, which the households have mixed together. This
system can work well and they are fewer to train in regards to what should be separated out for composting. It also works well when
the workers then have the right to sell the materials for their own benefit. It also can be efficient when the waste stream itself has
only a few categories of waste, or when there has been a partial separation by the household, so that, for example, wet organic
garbage is in one container, and dry components, including packaging materials, are in another. Sorting during collection slows the
collection process, but it can make it more efficient to transport the materials.

3.3.3 Separation at source

Asking generators to separate the materials at source can work well, but requires a focused and on-going communication
programme or campaign, so that people know exactly which materials should be held apart, and how they should be stored and
handled. Planning for source separation requires intimate knowledge of how households work, so that what people are asked to do
is consistent with religious and cultural restrictions and practices. The effort is worth it because source separation is seen as
environmentally and technically better and it improves overall economics of the system as well as the quality of the final compost.

Even with the best of intentions, contamination can not be
avoided, thus some sort of quality control which may include
front or back-end screening may be necessary in most
situations and of course, this is also driven by the end-use.

These three different approaches are compared in Table 3. Note
that in all cases, some final sorting for quality control will be
necessary at the site itself.

Photo 1. Source separated or ganic waste in Ar gentina
Photo: ©WASTE, Inge Lardinois
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Advantages Disad vantages

Separation at source by » Low probability to have heavy metals in the * Addition of structural material necessary
households + quality control at composition of the compost » Need for post process screening may
the composting site » Low probability to have plastics be avoided
» High probability to increase the organic matter
content

Separation at source by Low probability to have heavy metals in the Addition of structural material necessary

collectors + quality control at composition of the compost » Post-process screening may be
the composting site » Low probability to have plastics necessary
» High probability to increase the organic matter » Higher cost of collection
content
Sorting at the composting site » Compost contains inert and structural materials, » Compost can be toxic for the plant or the
which can aid in passive aeration of composting roots by the presence of heavy metals
mass » Compost does not look like soil earth
* Collection cost low material by the presence of plastic

Table 3. Comparison of sour ce separation alternatives

Photo 2. Separated or ganic and non-or ganic waste is disposed Photo 3. Worker s at deliver y site of sour ce seperated or ganic
in composting r ooms, Guatemala waste, Argentina
Photo: ©WASTE, Jeroen IJgosse Photo: ©WASTE, Inge Lardinois

Composting in Burkina F  aso

In Wogodogo community, Burkina Faso, collectors sort during collection; they put separately organic material, in a rice bag and
put aside the remaining waste which will be temporarily disposed at a transfer station. They also collect green waste and animal
waste from houses.The three materials are then composted in a small lot within the neighbourhood. This way they avoid to
incorporate dust and inert compounds in the compost mixture. The analysis of nutrients has shown that percentage of nitrogen,
phosphorus, potassium and organic matter are very satisfactory. The C/N ratio is about 22%.

Composting on the P acific Islands
In the Philippines, solid wastes are segregated by the vendors and market employees. In Indonesia, household solid wastes
and market wastes are sorted by hand into recyclables, compostables and residues.
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Photo 4. Worker s are sor ting out non-or ganic waste at compost Photo 5. Sieve trommel in Accra, Ghana
site, Brazil Photo: ©WASTE, Arnold van de Klundert
Photo: ©WASTE, Inge Lardinois

3.4 The co-composting option:  options f or inc lusion of human e xcreta in composting systems

A key decision in the development of a composting system is whether to design the system for co-composting of domestic waste
with a waste stream consisting of human excreta in some form. Domestic waste in the South is normally quite likely to have some
level of animal or human faecal matter in it — from livestock in the household compound, from open defecation, and the like. This
waste cannot be avoided. However, since it is present in relatively small quantities, it does not affect the overall waste management
system.

Beyond this, though, the decision to include a faecal waste stream does introduce important questions about collection, design,
operations, and the type of compost that you are seeking to produce. There are similar choices to be made, with similar
implications, about the option to incorporate grey or black water from water from households, or discharge water from food or wine
processing or a distillery. They can be generated by industrial processes or by domestic activities.

The choice to use excreta means that certain operational decisions have to follow. For example, turning has to be optimised to
assure pathogen kill. The application of supplemental fertil